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1. Introduction
In this contribution, moderator summarizes discussions on remaining issues related to potential solutions for network energy saving SI from RAN1 #109-e. SI objectives agreed in RP-220297 is shown below for reference.
	The objectives of the study are the following:

· Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

· Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

· Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.



This document summarizes the discussions of the following email discussion commissioned by Chairman.
· [109-e-R18-NW_ES-03] Email discussion on NW energy saving techniques by May 20 – Daewon (Intel)
· Check points: May 13, May 20


2. Summary of issues
2.1 General aspects of Network Energy Saving
· [3] Spreadtrum
· The following techniques have higher priority:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [7] Fraunhofer
· In the study phase, the different approaches for network energy saving should be investigated and compared.
· [10] Samsung
· Consider to support at least the following three network states for the study of network energy saving:
· Non-energy-saving state: the gNB operates in a legacy way and no network energy saving technic is used;
· Energy-saving state 1: the gNB doesn’t transmit/receive any signal/channel;
· Energy-saving state 2: the gNB only transmits/receives a particular set of signal/channel;
· The study shall further investigate the UE behavior in each of the network states.
· [11] NEC
· Definition of the idle/empty and low/medium load scenarios should be discussed.
· Definition of base station sleep modes and the transitions between different sleep modes should be discussed.
· [12] OPPO
· The network energy saving techniques should avoid having a large impact on user perceived throughput and access latency.
· The network energy saving techniques should avoid increasing UE implementation complexity.
· The network energy saving techniques should avoid increasing UE power consumption and cost.
· [14] Panasonic
· Network energy saving mechanism should either ensure backward compatibility or is able to coexist with scheme serving legacy UEs.
· The applicable scenarios for each adaptation technique should also be clarified.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Reducing the complexity of signals associated with mandatory set of operations at the gNB and optimizing the operations in terms of energy consumption is supported.
· Define sleep state for gNB and study the specification impact
· [25] Interdigital
· Consider the following gNB energy savings states in the study: {On, micro sleep, deep sleep, and PA off}

Summary of Discussions
· The following issues were discussed.
· Consideration of gNB energy saving states
· Samsung mentioned having 3 energy states {no energy save, energy save 1, energy save 2}
· Interdigital mentioned having 4 energy states {on, micro-sleep, deep-sleep, PA-off}
· NEC mentioned definition for energy saving state (and its transitions) for gNB should be discussed
· CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs mentioned gNB sleep state definition and specific impact study is needed
· Definition of idle and low loads
· NEC mentioned idle/low loads for evaluation should be defined.
· [Moderator comments: this discussion might be more suitable under 9.7.1 agenda]
· Requirements for the energy saving techniques
· OPPO mentioned energy saving techniques should avoid increasing UE power consumption, cost, or implementation complexity.
· OPPO mentioned energy saving techniques should avoid large impact to UPT and access latency.
· Panasonic mentioned Network energy saving mechanism should either ensure backward compatibility or is able to coexist with scheme sering legacy UEs.
· Prioritization of energy saving techniques
· Spreadtrum mentioned Time and spatial domain based solutions should be prioritized over others.
· Other general comments
· Samsung mentioned the UE behavior for each of the network energy saving states needs investigation.
· Panasonic mentioned that applicable deployment scenario should be clarified for each energy saving techniques.

[CLOSED] 1st Round Discussion
Among the general aspects for the NWES discussed, moderator suggest discussing the following issues:

Issue 1-1) consideration of defining gNB (or network) energy saving states
· Should we define gNB energy saving states? 
· If definition is needed, is the definition used for evaluation only or for description used to describe the behaviors associated with specific energy saving states? Also how would the energy saving states be associated with potential sleep modes defined for evaluation purposes.
· If definition is needed, should we ask each company to further provide gNB energy saving states for their proposed technique? Or should RAN1 try to define a common set of energy saving states to allow ease of discussion for the SI?

Issue 1-2) requirements for energy saving techniques
· Should the energy saving techniques to be captured in TR as part of SI be subject to specific requirements, such as impacts to UEs (mentioned by OPPO, Panasonic)?

Issue 1-3) prioritization of energy saving techniques
· Moderator was able to identify at least 5 different domains that energy saving techniques can be classified into. The 5 different categories are time, frequency, spatial, power, and adaption of transceiver processing.
· Should some of the energy saving categories should be prioritized (as mentioned by Spreadtrum)?

For definition of idle/low load definitions, moderator thinks this is more appropriate for agenda 9.7.1, and suggest the interested companies to bring up the issue in agenda 9.7.1.

Moderator asks companies to provide comments/views on issue 1-1, 1-2, and 1-3 above. Based on the discussions, moderator will suggest proposal(s) for agreement/conclusion.

Company Comments
	Company
	Comments

	Intel
	Issue 1-1) ok the define gNB energy saving state(s) for evaluations, which can be discussed in Agenda 9.7.1
On the other hand, introduction of new gNB energy saving states such as one or more sleep modes are expected to be one of the potential areas of energy saving, e.g., when gNB is idle.  Although it maybe preferred that proposed/considered sleep modes as part of the discussion on energy saving techniques are aligned with the states definition considered in agenda 9.7.1 for more efficient discussion, we are open to study/consider different variations or combinations of energy states/sleep modes which maybe unique to a certain solution considered and difficult to accommodate in the simplified models and states assumed for evaluation purposes.  To this end, proposed schemes could identify their respective definitions of energy saving states and at a later stage, consolidated proposals can be made on the set of energy saving states. 
Having a global definition for gNB energy saving state might not be the best approach to address the many potential solutions to be discussed in the SI.

Issue 1-2) considerations for the techniques should be captured along with the techniques themselves. Not sure if RAN1 needs to discuss specific criterion in which solutions must met in order for it to be discussed or captured in TR. If there are considerations/requirements needed we can directly capture this aspects to the TR as well.

Issue 1-3) We don’t think prioritization is not needed at this time, its just the first meeting for SI. We can consider further discussion at a later meeting.

	LG Electronics
	Issue 1-1) consideration of defining gNB (or network) energy saving states
We are open to introduce gNB energy saving state(s), but this requires a common understanding on what gNB/UE behaviors are expected under gNB energy saving state(s). So, it would be preferable to first focus on NW ES techniques so that we can assess the necessity of defining gNB energy saving states for the purposes other than evaluation.

Issue 1-2) requirements for energy saving techniques
As suggested by OPPO and Panasonic and also captured by SID, we need to consider the coexistence with legacy UEs. However, it doesn’t necessarily mean that such consideration should be captured for all NW ES schemes in the TR. We can discuss case-by-case whether some consideration on impacts to legacy UEs is necessary.

Issue 1-3) prioritization of energy saving techniques
Any prioritization of energy saving techniques can be discussed at the later stage of SI phase, considering evaluation results and sufficient study on each candidate scheme for all domains.

	Spreadtrum
	Issue 1-1) consideration of defining gNB (or network) energy saving states
· Should we define gNB energy saving states? A: it is up to conclusion of AI 9.7.1.
· If definition is needed, is the definition used for evaluation only or for description used to describe the behaviors associated with specific energy saving states? Also how would the energy saving states be associated with potential sleep modes defined for evaluation purposes.
· If definition is needed, should we ask each company to further provide gNB energy saving states for their proposed technique? Or should RAN1 try to define a common set of energy saving states to allow ease of discussion for the SI?

Issue 1-2) requirements for energy saving techniques
· Should the energy saving techniques to be captured in TR as part of SI be subject to specific requirements, such as impacts to UEs (mentioned by OPPO, Panasonic)? A: Yes. AI 9.7.1 has discussed the KPI for UEs.

Issue 1-3) prioritization of energy saving techniques
· Moderator was able to identify at least 5 different domains that energy saving techniques can be classified into. The 5 different categories are time, frequency, spatial, power, and adaption of transceiver processing. 
· Should some of the energy saving categories should be prioritized (as mentioned by Spreadtrum)? A: May or may not. We just found the scaling methods (e.g. scaling with bandwidth) will cancel the energy saving gains in some cases. It should be studied further.


	Xiaomi
	Issue 1-1)
Our understanding is that gNB energy saving states should be only used for evaluation and should be discussed in 9.7.1.
Issue 1-2)
Impacts to UE should be considered for network energy saving techniques, and should be captured in TR of this SI.
Issue 1-3)
Since it is SI phase, we think it is better to study different energy saving technique as much as possible and record all studied candidates TR. How to do downscope or prioritization can be left to WI phase. 

	Nokia/NSB
	Issue 1-1: There is no need to define gNB energy states, the gNB power consumption model should suffice.
Issue 1-2: The energy saving techniques to be captured in TR should be subject to the agreed evaluation methodology, which is being discussed under agenda 9.7.1.
Issue 1-3: We wonder whether adaptation of transceiver processing can be part of the spatial domain, and thus 4 categories are sufficient. As for the prioritization, time and spatial-domains could be prioritized.   

	Lenovo
	1.1) Energy saving states (or sleep modes) can be defined for evaluation purpose only. 
1.2) UPT and latency can be used as supplementary KPIs, but shouldn’t be used as decision criteria for whether to capture techniques in TR or not.  
1.3) We think it is too early to prioritize certain techniques at this point. More technical discussions are needed to understand benefits of different categories of techniques. 

	China Telecom
	Issue 1-1) consideration of defining gNB (or network) energy saving states
A: We think the gNB energy saving states should be defined, but we prefer the work should be done in the definition of NW energy consumption model of AI 9.7.1. The definition used for evaluation can be a start point, but for further study the state transition techniques based on the sleep modes, the behaviors associated with specific energy saving states should also be considered.
Issue 1-2) requirements for energy saving techniques
A: The impacts on UEs should be considered and discussed in KPI of AI 9.7.1, whether captured in TR should be based on the discussion and evaluation results in the SI.

Issue 1-3) prioritization of energy saving techniques
A: All the potential techniques should be considered with equal priority at first, the down-scope should be done after the evaluation. Besides, we think may be the adaption of transceiver processing can be divided into other categories according to the specific methods.


	DOCOMO
	Issue 1-1: There is no need to define gNB energy saving states. It can be for evaluation purpose.
Issue 1-2: No common requirement should be needed. We can discuss case-by-case whether some consideration on impacts to legacy UEs is necessary.
Issue 1-3: We don’t think prioritization is needed at this stage. As this is SI phase, it should be better not to limit the enhancement techniques to be studied. 

	Qualcomm
	· Issue 1-1: We do not see the need to define energy savings state for now. 
· Issue 1-2: The enhancement requirements should be discussed in 9.7.1
· Issue 1-3: We should not restrict the study at this stage.

	Fujitsu
	Issue 1-1) We think that a common understanding of the gNB/UE behavior associated with energy saving state(s) is beneficial for the discussion of network energy saving techniques. But the definition of gNB energy saving state(s) should be discussed in 9.7.1. We can focus on other aspects of network energy saving techniques and wait for the conclusion of 9.7.1.
Issue 1-2) The impacts to UE should be captured in the TR and the KPIs assessing such impact should be discussed in 9.7.1.
Issue 1-3) We prefer to prioritize time, frequency, spatial and power domains since these four categories already encompass a wide range of techniques. 

	Panasonic
	On issue 1-1, for performance evaluation, we support to define gNB energy saving states, including both sleep and non-sleep modes/states.
However, for the discussion of network energy saving techniques, the definition of energy saving states would possibly limit the gNB behaviours, which may unnecessarily limit the scope of proposals. Also it is also not clear what would be the necessary part of the information for the UE to know regarding the states. We are open to discuss possible gNB and UE behaviour which is lead by a certain technical proposal using different definition of states. But at initial stage, we should focus more on the energy saving technique itself.

On issue 1-2, for the proposals of energy saving techniques, as we expressed in the contribution, at least the specification impact and coexistence with legacy UEs should be clarified. Whether the techniques should be subject to certain requirements can be discussed later.

On issue 1-3, the priorities would be discussed later when more details of the techniques are discussed with more analysis and evaluations.

	Fraunhofer IIS
	Issue 1-1)
· It is fine with us to  first discuss the gNB energy saving states in AI 9.7.1. 
· Depending on the outcome AI 9.7.1, RAN1 could decide whether to use the definition for evaluation only or further elaborate the ES states. Further details on the definition of ES states may also depend on the ES techniques.
· We are fine with both ways, to ask the companies or let RAN1 define a common set of energy saving states.
Issue 1-2) At this stage, instead of imposing requirements upfront we should simply evaluate and document the impact on UEs, both legacy and non-legacy. The impact on the UE should be considered during SI and can be captured in the TR. 
Issue 1-3) It is too early to prioritize the topics. The prioritization can be done in the later phases. However, in our view, wake up signals and assistance information can also play a significant role in energy-saving and should be studied.

	MediaTek
	Issue 1-1: low priority. NWES solutions could be grouped into gNB energy-saving states. However, how to define solutions is essential and should be studied first. 
Issue 1-2: Yes, we should evaluate NWES techniques by a proper methodology. Agenda item 9.7.1 will define the evaluation methodology, including KPI on UE performance impacts, e.g., UPT, UE power consumption, and latency. 
Issue 1-3: Open to discussion. We suggest categorizing NWES techniques based on the SID, e.g., one or more network eneenergy-savingchniques in 1) time, 2) frequency, 3) spatial, 4) power domains, and 5) potential support, feedback, or assistance information from UE. 
The adaption of transceiver processing is unclear. We wonder why it cannot be categorized into one of the domains above.

	CMCC
	Issue 1-1): Not need. The sleep states defined for evaluation in agenda 9.7.1 is enough, there is no need to additionally define gNB energy saving states. If sleep states are needed for technical discussion, the sleep states defined in agenda 9.7.1 could be referenced.
Issue 1-2): Not need. The impacts to UE can be considered during the discussion of energy saving techniques, but there is no need to specifically capture the impacts in TR.
Issue 1-3): Not need. We agree with the moderator’s identification that 5 different domains that energy saving techniques can be classified into. During the SI stage, all the potential enhancement can be considered, discussed, and evaluated, we could not identify the prioritization at this stage without detailed discussion.

	vivo
	Issue 1-1) consideration of defining gNB (or network) energy saving states
we are open for defining gNB energy saving states. From our perspective, at least for evaluation, defining gNB different energy states is necessary. And how to define the gNB energy states and how gNB operates in the energy saving states should be discussed in section 9.7.1.
Whether there is spec impact for gNB energy saving states and whether these energy saving states need to be aware by UE can be further discussed.

Issue 1-2) requirements for energy saving techniques
The potential benefit and impact of energy saving techniques will be discussed and they can be captured in TR if consensus is achieved, which this can be further discussed after there are clear pictures for the enhancements.
Issue 1-3) prioritization of energy saving techniques
It is a bit early to determine the priority. We think the details of energy saving techniques, including how the energy saving techniques work, what are the benefit and the cost, should be discussed first. 

	ZTE, Sanechips
	Issue 1-1)
In AI 9.7.1, multiple sleeping modes will be defined for the evaluation. However, we think there is no need of power state definition in AI 9.7.2. The discussed NW ES techniques are diverse, so the definition and assessment of NW power state will be controversial without any initial access evaluation results of NW saving gain.
What’s more, the power state is related to the scheme specified in WI phase. Not all techniques require this definition. If it is deemed necessary in the future, it can be discussed at WI.

Issue 1-2)
The system performance including potential impacts on UE,etc., is one of the KPIs. We don’t think we need any generic description of  UE impacts. It can be discussed case by case for a specific NW ES technique.

Issue 1-3)
The criteria of prioritization is unclear now without any evaluation results/analysis of  NW ES techniques. We don’t think we need to discuss it in the first meeting.


	Samsung
	Issue 1-1)
We think it is necessary to define NES states. If UE is not aware that gNB is in sleep mode, for UL, gNB may miss some configured UL transmissions and for DL, UE would attempt to decode some un-transmitted channels. On the contrary, if NES states are specified, it would be beneficial for the reliability of UL transmission and UE power saving. Hence, NES states should not be limited to evaluation, instead, we should capture network energy saving states and its respective procedures in the TR.
Regarding the association with evaluation, we can first focus on the sleep mode, since gNB won’t receive or transmit anything and UE doesn’t need to transmit or receive anything as well.

Issue 1-2)
The objsective#2 in the SID already states assessing/balancing impact to network and use performance, etc. While the requirement discussion may not be easy to hard split between AI 9.7.1 and AI 9.7.2, a sort of coordination would be necessary.

Issue 1-3)
It is premature for now. It can be discussed in later stage. Priority could be based on expected gains in network energy saving.

	CEWiT
	Issue 1-1) The energy saving states should be based on UE traffic requirement. The adaptation of energy saving states can be dynamic or semi static, it should be indicated to the UE to reduce the effects on user performance and the corresponding behavior should be considered. Different forms or groups of energy states/sleep modes maybe applicable to a certain solution, hence common definition for gNB energy saving state might not be helpful to include many potential solutions to be discussed in the SI.
Issue 1-2)  Specific criterion can be related to a certain solution for energy saving but such consideration may not be applicable for all NW ES schemes to be discussed.
Issue 1-3) Equal weight-age should be given to all domains. Hence, prioritization is not needed at this time.

	Huawei, HiSilicon
	Issue 1-1) It is OK to define gNB energy saving states or sleep modes for evaluation purposes. Whether the energy saving states or sleep modes are defined in the techniques for energy saving should be further studied for details. This is better to be discussed under 9.7.1.

Issue 1-2) This is dependent on the detailed discussion for techniques. 

Issue 1-3) prioritization of energy saving techniques is not needed at this early stage. 

	New H3C
	Issue 1-1) Introducing too much state will increase the complexity. The tradeoff between the number of state and NW complexity should be taken into consider when introducing the ES state. So, we are open for this.  
Issue 1-2) Yes, the energy saving techniques should be captured in the TR with the performance evaluation (Covered by 9.7.1). 
Issue 1-3) Yes, the prioritization of energy saving techniques should be given after the evaluation of each technique.

	NEC
	Issue 1-1): It is OK to discuss the definition of gNB (or network) energy saving states. We think the corresponding dicussion will be more appropriate in AI 9.7.1. And it could be discussed in conjunction with gNB sleep modes modelling. 
Issue 1-2): the requirements could be different for various energy saving techniques. However, for the coexistence cases, the (negative) impacts on legacy UEs need to be limited and detailed. 
Issue 1-3): we think the performance of the different energy saving techniques should be evaluated before we prioritize any specific techniques. 


	CATT
	Issue 1-1):  We are OK to define the network operation states in 3GPP similar to UE operation mode (IDLE/Inactive or CONNECTED).  However, we would like to have the terminology consistent in the UE power saving using “sleeping” state.
Issue 1-2):  Network Energy saving technique is the primary objective of the network energy saving study.  They should be captured in the TR in order to conclude the potential techniques specified the specification for the subsequent network energy saving work item
Issue 1-3):  No prioritization should be done in the study item.   The prioritization of selected energy saving techniques would be done at the conclusion of the study item when all evaluation results and network energy saving gain had been shown.  

	Apple
	Issue 1-1: The definition of gNB energy saving states should be part of the discussion in AI 9.7.1. For any proposed techniques, the evaluation should follow the outcome of AI 9.7.1. Whether any energy saving states need to be defined for purposes other than evaluation can be discussed case-by-case.
Issue 1-2: Impact to UE should definitely be part of evaluation/analysis. Whether any quantitative criteria should be adopted can be further discussed, which may be discussed case-by-case.
Issue 1-3: We would like some clarification on “adaptation of transceiver processing”. There may not be a good basis for prioritization at this stage, but this could be discussed in the future.
A clarification question: we have a list of techniques in Section 2.2-2.6. Our assumption is that these are agreed for further study, but what will be captured in the TR is going to be separately discussed. Is this correct?

	Ericsson1
	1-1: We do not see the need to define gNB energy saving states other than for modeling purposes for performance evaluations. 
1-2: Energy savings gains vs performance impact should be discussed as part of evaluations. How the evaluations are captured in the TR can be discussed later after more details about techniques, etc are available. 
1-3: The need for ‘adaptation of transceiver processing’ is unclear to us. This seems to be already covered by the time/power/spatial/frequency adaptation.  It is too early to prioritize between the techniques.

	OPPO
	Issue 1-1)
We think defining gNB energy saving states is needed, because different gNB energy saving states have different operation modes, e.g., the gNB sleeping duration is different, and correspondingly the UE behaviors may be different in response to these energy saving states. 
Issue 1-2)
In our view, the requirements should at least be kept in mind when developing energy saving techniques. It can be captured in TR if there is consensus. 
Issue 1-3)
All the energy saving techniques should be studied at current stage, there is no need to prioritize the techniques. 

	KDDI
	1-1: it can up to the conclusion of 9.7.1
1-2: Impact to legacy UE might need to be considered, as already captured in the SID. 
1-3: It is still too early to prioritize potential techniques. Down selection can be considered after more detailed discussion





<Summary of 1st Round Discussion>
Issue 1-1:
Most companies seems to be open to defining energy states/sleep modes for discussion and evaluation. Definitions required by evaluations should be discussed under the evaluation agenda. Definitions required for discussions of potential techniques, given that there seems to be no common definition well established, moderator suggest companies to provide the information as they provide further information on the proposed solutions.

Moderator suggests the following:
· Companies are encouraged to provide information about energy states/sleep modes required by the proposed potential energy saving techniques.


Issue 1-2:

Most companies seem to state that capture considerations for the techniques should be done along with techniques when being captured in the TR, and can be determined by case by case.

Moderator suggests the following:
· Companies are encouraged to provide information about additional considerations and requirements needed for the proposed potential energy saving techniques.


Issue 1-3:
Most companies commented that the need to prioritize in the first meeting might not be needed. RAN1 can further discuss prioritization of the work as SI further progresses and start to discuss what should be captured into the TR.

Therefore, based on comments received suggest focussing the discussion on prioritization of techniques in RAN1 #109-e.


[CLOSED] 2nd Round Discussion
Based on the comments received for Issue 1-1, 1-2, and 1-3, its not clear to the moderator whether we can draw a proposal. One alternative is to try to have a conclusion to encourage companies to provide more information.

Please comment further on conclusion #1-1, including whether you think the conclusion is needed/useful or not. If companies generally think, its not needed, then moderator suggests skipping the conclusion and have RAN1 focus on working on the general directions for further study that is covered by other sections of this document.

Conclusion #1-1
· Companies are encouraged to provide information about energy states/sleep modes required by the proposed potential energy saving techniques.
· Companies are encouraged to provide information about additional considerations and requirements needed for the proposed potential energy saving techniques.


	Company
	Comments

	LG Electronics
	This proposal doesn’t seem to be essential for the time being, but we could live with only the first bullet (by removing the second bullet at all), if needed.

	OPPO
	We are fine with the conclusion, also we think that it is not necessary to capture this conclusion in the chairman notes and leave it in the FL summary as a FL guideline would be enough.

	ZTE, Sanechips
	We also agree that we don’t need to further discuss these conclusions.

	Nokia/NSB
	We agree with the other companies and do not fully understand the intent of this conclusion. As commented before, we think that the energy saving techniques to be captured in TR should be subject to the agreed evaluation methodology, which is being discussed under agenda 9.7.1. The aspects mentioned in the conclusion need not be discussed here, since they are part of the evaluation methodology.

	Samsung
	Support 
In our understanding, NW energy states/sleep modes is necessary, UE behavior can depend on the NW energy states/sleep modes. It would be good if companies can provide more details to help understand each other.
In addition, based on the input from companies in the first round and submitted contributions, quite a few companies are interested in the cell ON/OFF adaptation. This is the simplest two NW states, it can be considered as the baseline to specify the NW states.

	Lenovo
	Some potential energy saving techniques can be implemented/realized with different energy states by different gNBs or may not be directly related to a particular energy state. Thus, we don’t think the proposed conclusion is necessary, but interested companies can provide their techniques together with relevant energy states that they have in mind.  

	Intel
	While the conclusion doesn’t seem essential, we think consideration of BS sleep modes is one important area for network energy saving. To this end, it makes sense to discuss the characterization of the modes/states. We are open to discuss them either as part of evaluation first or as part of techniques to be discussed in this agenda. At least first bullet on the conclusion can be considered.

	CATT
	We need to define the network sleeping state, such as micro sleep, light sleep, and deep sleep, in order to define the associated network energy consumption values in the power model.  

	China Telecom
	We are fine with the conclusion, but we don’t think it is essential. For the first sub-bullet, it should be discussed in AI 9.7.1. the second sub-bullet can be discussed in the other sections of this AI.

	Xiaomi
	Issue 1-1)
We agree that gNB energy saving states should be defined, and it should be discussed in 9.7.1 rather than 9.7.2.
Issue 1-2)
Energy saving techniques should be captured in SI with all its merits and shortcomings. Impacts to UE should be considered for network energy saving techniques, and should be captured in TR of this SI.
Issue 1-3)
Since it is SI phase, we think it is better to study different energy saving technique as much as possible and record all studied candidates TR. currently, we can divide all the candidate solutions by time/frequency/space/power domain for the time being. How to do downscope or prioritization can be left to WI phase. 

	Qualcomm
	Most aspects in the conclusion are being discussed under 9.7.1. Need to define NW energy states and associated UE behaviors can be discussed later (e.g., in WI) when we have better understandings on techniques. Hence, we don’t think the conclusion is needed now. When the modeling work in 9.7.1 is concluded, eventually, the discussion on these conclusions can start.

	DOCOMO
	We don’t think the conclusion is needed and agree with Nokia/NSB that it should be discussed in 9.7.1.

	MediaTek
	We generally support this conclusion. Before we identify energy saving techniques, it is sufficient to capture it in the FL summary.

	CMCC
	The power model definition is under discussion on 9.7.1. With sleep modes and active power and transition time and energy, the power consumption gain can be evaluated. What exactly energy-saving state means and what additional information does energy-saving state definition can provide is not clear.
In the SID, a few KPIs have been listed for consideration in addition to the power saving gain, it is expected that evaluation either by SLS/LLS or by analysis will be provided case by case for candidate solutions. According to our deployment, coverage, UPT, latency, call drop rate are most important factors.

	Huawei, HiSilicon
	We share similar view Nokia that the issue should be  and is discussed in 9.7.1, and we cannot clearly understand the intention of the conclusion. 
We also think there is no need for the discussion on this conclusion.

	IDCC
	We are fine with the conclusion.

	vivo
	We don’t think this conclusion is needed at this moment. How to achieve the gNB energy states/sleep modes can be discussed after the gNB power model is defined.

	Apple
	We do not see the need for this conclusion.

	Moderator
	From the comments, the need for the conclusion doesn’t seem to be dominant. Moderator suggests skipping the conclusions.
If companies have potential proposals that they would like to suggest for agreement, please provide comments in the newly added section 2.7.




<Summary of 2nd Round Discussion>
Based on comments received, the need for further conclusion in this topic doesn’t seem to exist. Moderator suggests closing discussions for this topic for RAN1 #109-e. If companies have potential proposals that they would like to suggest for agreement, please provide comments in the newly added Section 2.7.

[DISCUSSION CLOSED] 


2.2 Time-domain based Energy saving Techniques
· [1] Huawei/HiSilicon
· Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenarios with minimum extra access delay to NR and/or in NR co-existing with LTE.
· Study whether additional spec effort is required, in the case UE DRX is already configured.
· [2] Nokia/NSB
· As part of time-domain NW ES techniques, enhancements for increasing DTX and/or DRX opportunities can be studied.
· As part of time-domain NW ES techniques, further minimization of the “always-ON” transmissions, i.e. further reduction of SSB/SIB1 transmissions can be studied.
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· Time domain energy saving transition mechanism based on gNB state of system load should be supported for 5G network.
· For Rel-18, semi-static/dynamic cell ON/OFF should be one of time domain techniques for network power saving.
· For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.
· The gNB DTX/DRX should be considered to reduce network energy consumption for low system load state. 
· DTX/DRX coordination in Xn and NG should be supported of further reduction of network energy consumption.
· [5] vivo
· Study the impact on SSB detection and RRM/RLM measurement with increased common signal period for network energy saving.
· [6] ZTE/Sanechips
· For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band cases.
· In single -carrier case, SSB/SIB reduction can be considered
· [7] Fraunhofer
· The reduction of gNB active time where there is no user traffic should be investigated.
· [8] China Telecom
· The semi-persistent symbol switch on-off should be studied for network energy saving.
· The gNB DRX/DTX should be studied for network energy saving.
· [9] Xiaomi
· Reducing broadcast transmission can be studied for energy saving.
· Dynamic cell/carrier/beam on-off can be studied, and its negative influence on UE should also be studied and eliminated.
· [10] Samsung
· Study semi-static switching and dynamic switching for network states transition.
· Study cell-specific/UE-specific dynamic adaptation on periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
· DL: CSI-RS resource, SSB, SPS PDSCH.
· UL: CSI-RS report, SR, SPS PDSCH HARQ-ACK, CG PUSCH.
· Study UG-specific dynamic adaptation of C-DRX for NW energy savings.
· [11] NEC
· Introduce finer granularity network configuration to support dynamic adaptation of SSB/SIB reduction. 
· Extending the SS/PBCH periodicity with considering the negative impacts to the system.
· Spreading the SS/PBCH blocks to be transmitted into several periods.
· the gNB DTX and DRX should be studied in the low/medium load scenario, and the impact on UE operation, e.g., the measurement, synchronization and DRX procedures, should be considered.
· Support flexible configuration of network energy saving pattern in time domain.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in time, frequency, antenna/spatial and power domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· TDD configuration can be adapted to traffic load. Some ‘Idle symbols/slots’ can be achieved by gNB to step into sleep modes
· Applicable to scenarios 1 ~ 4
· [15] Futurewei
· Time domain approaches including but not limited to longer and dynamic adaption of periodicities of common and broadcast signals should be supported.
· [16] Apple
· Time domain adaptation
· Techniques to enable the network to turn on/off more dynamically, flexibly, and/or for a longer period of time
· Performance and UE impact needs to be carefully considered.
· [17] CMCC
· The following three alternatives for time and frequency domain power saving enhancements can be further studied,
· No transmission of SSB/SIB in the carrier
· Increased SSB/SIB transmission period
· On demand SSB/SIB transmission
· gNB DTX can be studied to help network power saving.
· When period transmission behavior of SSB/SIB is changed, the impact on legacy UEs needs to be considered, including the initial access performance, measurement performance, etc.
· [18] NTT Docomo
· Study CDRX and WUS for gNB for network energy saving techniques.
· Study SSB periodicity adaptation such as extended SSB periodicity for network energy saving techniques.
· Trade-off between power saving gain and initial access and handover performance should be considered.
· [19] Lenovo
· Study how to provide more flexibility in transmission of common signals/channels such as SSBs, SI, and paging.
· Study how to support dynamic gNB transmission ON/OFF mechanism.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· It is beneficial to switch off gNB’s periodic/semi-persistent transmission (and/or reception) at least when gNB does not need to transmit data to the UE, in terms of network energy savings.
· Study how to support efficient mechanisms to switch off gNB’s transmission (and/or reception) for a specific period of time.
· Study how to support a mechanism for waking gNB from power save mode when new data arrives at UE.
· [22] Mediatek
· Consider cell-wise traffic alignment with SSB to minimize the BS active time (transmission time) under low and medium traffic loads.
· Consider the signaling for traffic alignment to be more dynamic and efficient in Rel-18.
· Consider reducing SSB number in a SS burst on Scells rather than on a Pcell operated as a coverage layer in the case of multiple carriers in the network.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of transmission and reception duty cycle
· details of which signal/channels transmission periodicity or resource allocation are updated by the NPS techniques to be studied further
· [25] Interdigital
· Consider techniques that allow adaptation of transmission and receptions resources at different granularities in the time domain for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques minimizing periodic reference signal transmissions, e.g., enabling fully aperiodic TRS for FR1 and FR2 when needed.
· Study and identify techniques which enable dynamic adaptation of PRACH occasions according to the need.
· Study and identify techniques in which the UE can assist the network in optimizing its scheduling to maximize its sleep opportunities. 
· [27] Qualcomm
· RAN 1 to investigate the option of BS DTX/DRX mode by considering
· BS DTX/DRX and corresponding UE behavior
· Dynamic/efficient UE C-DRX configuration
· UE assistance e.g., cell wake-up.
· RAN 1 to investigate network energy saving mechanisms for legacy SSB beam sweeping for the “gNB in idle mode” scenario. SSB beam sweeping and associated signaling, e.g., paging, RACH reception are an important energy contributor in the case of low to medium load cell with few UEs in connected mode.
· For the “gNB in idle mode” scenario, RAN 1 to study the following:
· Alternative “light SSB” mechanisms as a replacement to or along with traditional SSB transmission
· flexible (e.g., “non-uniform” or beam-specific) configuration of SSB, RMSI, and/or RACH 
· “on demand” support of SSB, RMSI, and/or RACH 
· Paging reduction techniques.
· [28] Rakuten
· Investigate methods to increase SSB periodicity without degrading user performance.
· [29] Fujitsu
· Study the following time-domain network power saving techniques, considering impact on user experience and cell coverage:
· Network ON/OFF with different sleep modes 
· Always-on signal periodicity adaptation
· Reduced number of CSI-RS symbols for beam adjustment

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to time-domain based NW energy saving techniques.

Proposal #2-1
· Further study techniques and enhancements for increasing DTX and/or DRX opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
b) semi-static and/or dynamic cell ON/OFF;
c) support of periodic and on-demand reference signal(s) to aid discovery;
d) DTX/DRX coordination among cells using Xn and NG interfaces;
e) techniques and enhancements applicable for single component carrier and multi-component carrier cases;
f) potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
g) dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
h) enabling dynamic adaptation of UE C-DRX configurations

[CLOSED] 1st Round Discussion
Please comment on proposal #2-1, including any suggested edits (add bullets, remove bullets), or even suggestions for better alternative proposal.

	Company
	Comments

	Intel
	Overall the structure looks fine. We have the following comments on some of the bullets.
Add “of a cell” at the end
· support of periodic and on-demand reference signal(s) to aid discovery of a cell
It is not clear how the following bullet has RAN1 impact. It will be great if proponents could clarify the following bullet
· DTX/DRX coordination among cells using Xn and NG interfaces;
The interaction of following bullet and network energy saving is not clear. It will be great if proponents could clarify the following bullet
·   enabling dynamic adaptation of UE C-DRX configurations



	LG Electronics
	We provide several comments for each of sub-bullets.

For the first sub-bullet, to clarify that SSB, SIB1, paging, or PRACH can impact to initial access procedure and idle/inactive UEs, we suggest the following modification.

a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE;

For the second sub-bullet, our understanding is that gNB needs to inform UE its ON/OFF period when it semi-statically or dynamically turns on or off. If this is the case, we can modify that sub-bullet for more clarity, as follows.

b) semi-static and/or dynamic cell ON/OFF duration indication;

For the fourth sub-bullet, it seems out of RAN1’s scope rather, in RAN3’s scope. So, it should be removed.

c) DTX/DRX coordination among cells using Xn and NG interfaces;
For the second last sub-bullet, we can add SRS as well.
d) dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, SRS, etc.

For the last sub-bullet, we fail to see the relationship between gNB’s DTX/DRX in the main bullet and UE’s C-DRX configuration in that sub-bullet. It would be appreciated if proponents can clarify what is the relationship between them.

	Spreadtrum
	Suggest unifying the terminology. Some techniques are alike, e.g. dynamic cell(s) on/off, gNB’s DTX. We can define it as “general cell(s) on/off”, which includes dynamic cell(s) switching on/off, gNB’s DTX. Otherwise, we have tons of techniques, but limited ones indeed.

	Xiaomi
	We are generally fine with the proposal, and have the following modification:
e) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1,other SI, paging, PRACH, and its impact to initial access, cell (re)selection, handover, synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no or reduced transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals


	IDCC
	We are generally fine with the structure.
We have similar comments like a few other companies:
DTX/DRX coordination among cells using Xn and NG interfaces: This seems out of scope.
Enabling dynamic adaptation of UE C-DRX configurations: It is not clear how this may impact network power savings.



	Nokia/NSB
	We are in general fine with Proposal 2-1.
However, we took the liberty to numbering the aspects listed above, and we wonder whether it could be useful to group the schemes such as:
1) DTX/DRX in unloaded scenario (i.e. no user-plane data): a 
2) DTX/DRX in loaded scenarios: d, e, g 
3) gNB wake-up by UE related schemes: b, c, e, f.
1 and 2 can be prioritized.

	Lenovo
	In our view, the bullet below is more related to UE power saving, rather than network energy savings. Adaptation signaling may cause more transmission and energy consumption by gNB. Thus, we suggest removing the following item:
f) enabling dynamic adaptation of UE C-DRX configurations
In addition, time-domain finer granularity transmission ON/OFF mechanism should be considered as it can reduce the effective transmission time by gNB and can coordinate potential inference. So, we suggest the following modification:
· semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF

	China Telecom
	We are generally fine with the proposal. However, we have several comments on some sublets. 
For the semi-static or dynamic cell ON/OFF, we have the similar as Lenovo that the finer granularity transmission ON/OFF can also be considered, the current statement looks like the DTX/DRX for cell. We agree with the modification made by Lenovo.
The techniques and enhancements for multiple component carrier can be categorized into the frequency-domain based energy saving.
For the DTX/DRX coordination among cells using Xn and NG interfaces, does if refers to the UE/inter-network assistant information for the DTX/DRX? The current statement looks out of the RAN1’s scope..
For the last sub-bullet, we don’t see the impact on the NWES. Does that mean the WUS from UE? 
Finally, we have the similar as Nokia/NSB that the sub-bullets may can be grouped and sorted, so that the techniques and further discussion can be more clearly. The suggestion from Nokia/NSB looks well, and we suggest the aspects can also be grouped as follows based on the above understanding and modifications:
· Light common signals/channels for NES: a, e
· Efficiency adaptation of the signals/channels: b, c, g
· The activation/deactivation of DTX/DRX: d, f, h

	DOCOMO
	We are generally fine with the proposal.
However, we also have similar comments to other companies that the fourth bullet about DTX/DRX coordination should be out-of-scope. Besides, we would like a clarification on the last bullet about dynamic adaptation of UE C-DRX from proponents.

	Qualcomm
	Our suggestion and comment below.
· Further study techniques and enhancements for increasing DTX and/or DRX opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to UE power, complexity, initial access latency, paging reception performance and latency, synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· semi-static and/or dynamic cell ON/OFF;   
· The definition of cell is unclear. If it is Pcell or Scell, this should belong to frequency domain technique. 
· support of periodic and on-demand reference signal(s) to aid discovery;
· DTX/DRX coordination among cells using Xn and NG interfaces;
· This should be discussed in RAN3
· Note: techniques and enhancements applicable for single component carrier and multi-component carrier cases;
· potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
· As being discussed in Issue 1-1, we do not see the need to define energy savings state for now. Furthermore, mechanism to wake-up gNB might be more general than “energy saving state” & transition between states. Hence, we can have wake-up gNB mechanism as a separate bullet.
· gNB wake-up mechanism
· dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
· We don’t see the need to list examples here
· enabling dynamic adaptation of UE C-DRX configurations
investigate UE grouping options and interaction with gNB DTX/DRX

	Fujitsu
	we are general fine with the proposal. 
We share the similar view with other companies that the following sub-bullet is out of scope of RAN1.
· DTX/DRX coordination among cells using Xn and NG interfaces;

	Fraunhofer IIS
	We are fine with overall structure. We have added the following modification on the sub-bullet#6:
g) potential energy saving states and its transition between states from leveraging DTX/DRX opportunities 
· Including studies of waking up gNB due to user traffic, or user density, or reception of wake up signal by gNB.

	MediaTek
	We have the following comments for Proposal #2-1:
1) Using the terms DTX and DRX could be misleading to UE DTX feedback and UE C-DRX. 
2) PRACH preambles are not common signals.
3) Cell on/off is up to NW implementation or based on TS 28.310 framework. It is unclear what FFS is. We suggest merging other related proposals here.
4) Xn and NG interfaces are RAN3 work.
5) CA related, e.g., SSB/SIB1-less in SCell, should be discussed in the frequency domain techniques. We suggest changing it to a note.
6) Postpone energy-saving states after NWES solutions have been identified.
7) Merge some solutions from other subsections. 
We have the following text proposal:
Proposal #2-1-MTK
· Further study techniques and enhancements for increasing BS-DTX and/or BS-DRX opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
b) enhanced semi-static and/or dynamic cell ON/OFF, activation/deactivation, or dormancy mechanisms, including wake up request/signal from UE, periodic or on-demand discovering reference signal (DRS) from NW, methods for signaling activation/deactivation;
c) support of periodic and on-demand reference signal(s) to aid discovery;
d) DTX/DRX coordination among cells using Xn and NG interfaces;
e) Note: time-domain techniques and enhancements applicable for single component carrier and multi-component carrier cases;
f) After the time-domain techniques are identified, discuss whether /how to include potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
g) dynamic adaptation of periodic and semi-persistent signals and channels configurations such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG CG-PUSCH, etc.
h) enabling dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner. 

	CMCC
	We are generally fine with the proposal, one comment as following,
For the main bullet, does DTX/DRX mean some specific mechanism with different kinds of timers? If so, then it may be better to change the description, for example, “increasing DTX and/or DRX opportunities without transmission or reception by the gNB”.

	Vivo
	For the main bullet, we suggest to replace “DTX and/or DRX opportunities” by “sleep opportunities” as DRX has specific meaning in current specification.
For the sub-bullets, we have the following comments:
· UE wake-up gNB should be a standalone bullet, as it is independent from gNB DTX/DRX
· UE assistant information facilitating BS time domain adaptation can also be studied.


	ZTE/Sanechips
	Comments on some of bullets of proposal #2-1 are suggested as below: 
1) semi-static and/or dynamic cell ON/OFF
In our views, semi-static cell ON/OFF can be implemented by current standards. Clarifications about the additional enhancement are appreciated, otherwise it is preferred to remove “semi-static cell ON/OFF” from this bullet. 
2) support of periodic and on-demand reference signal(s) to aid discovery:
 In our views, periodic and on-demand RS(s) are different mechanisms. Moreover, the support of on-demand RS(s) should be used for the reduction of RS(s) transmission or reception. 
3) DTX/DRX coordination among cells using Xn and NG interfaces:  
The coordination among cells using Xn and NG interfaces should be discussed in RNA3. 
4) enabling dynamic adaptation of UE C-DRX configurations:
Dynamic adaptation of UE C-DRX configurations can be implemented by current standard. It should be clarified that how to enable dynamic adaptation of UE C-DRX configurations.
5) Adding a bullet related to WUS: 
 “WUS to assist gNB with triggering time-domain based ES techniques, e.g. reduction of transmission/reception of common signals, adaptation on cell states transition, DTX/DRX transmission, etc.” can be added as a bullet for time-domain based energy saving techniques.

	Samsung
	Fine in principle
We are not clear about “increasing DTX and/or DRX opportunities”, we suggest to use a more general wording for the main bullet, such as “Study network energy saving techniques including …”
For the last 2nd sub-bullet, periodic and semi-persistent signals and channels should include PDCCH as well, we suggest the editorial update as following,
i) dynamic adaptation of periodic and semi-persistent signals and channels such as PDCCH, CSI-RS, SSB, SPS PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS PDSCH, CG PUSCH configured for CG, etc.

Regarding the semi-static and/or dynamic cell ON/OFF, we would like to ask a clarification question for CA case, whether to discuss it under time domain or frequency domain?

@Intel, LGE: Regarding last sub-bullet, dynamic adaptation of UE C-DRX configurations would provide larger opportunities of idle period with finer granularity such that gNB can go to sleep.


	CEWiT
	Overall the proposal looks fine. We have the following comment on the second sub-bullet, we agree with LG Electronics for inclusion of OFF duration in the proposal as “semi-static and/or dynamic cell ON/OFF duration indication;”


	Huawei,  HiSilicon
	1. For the main bullet, it seems the definition and the scope of gNB DTX and DRX is not clear. Also, the bullet regarding the single carrier and multiple carrier seems more related with the scenarios, which should be merged into the main bullet. Therefore, we suggest the following revisions on the main bullet:
	Proposal #2-1
· Further study techniques and enhancements for increasing DTX and/or DRX the opportunities by the gNB not to transmit or receive in time domain applicable for single component carrier and multi-component carrier cases, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· semi-static and/or dynamic cell ON/OFF;
· support of periodic and on-demand reference signal(s) to aid discovery;
· DTX/DRX coordination among cells using Xn and NG interfaces;
· techniques and enhancements applicable for single component carrier and multi-component carrier cases;
· potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
· dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
enabling dynamic adaptation of UE C-DRX configurations



2. For the detailed enhancements listed in the sub-bullets, we think “semi-static and/or dynamic on/off” is vague and some further clarification may be needed;
3. Xn and NG interfaces are in the RAN3 scope. 

	New H3C
	For the second last bullet, we suggest also consider group-common PDCCH
· dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, group-common PDCCH, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.

	NEC
	We are generally fine with Proposal 2-1 and have the following modifications:
· techniques and enhancements applicable for single component carrier and multi-component carrier cases;
· potential energy saving states or sleep modes and its the transitions between states from leveraging DTX/DRX opportunities
· enabling dynamic adaptation of UE C-DRX configurations based on gNB energy saving states or sleep modes. 


	CATT
	We are OK with the proposed category and area in time domain network energy saving.   Since the time domain network energy saving techniques could be achieved by network implementation, the study should focus on standard based solution of time domain network energy saving.  The coordination of DTX/DRX among cells is not the task in RAN1.   Our suggestion is as follows,

· Further study techniques and enhancements for increasing DTX and/or DRX opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
b) semi-static and/or dynamic cell ON/OFF;
c) support of periodic and on-demand reference signal(s) to aid discovery;
d) DTX/DRX coordination among cells using Xn and NG interfaces;
e) techniques and enhancements applicable for single component carrier and multi-component carrier cases;
f) potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
g) dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
h) enabling dynamic adaptation of UE C-DRX configurations


	Apple
	We are fine with the proposal on the high level.
We support QC’s modification on the first sub-bullet.
We also share the view that “DTX/DRX coordination among cells using Xn and NG interfaces” seems to be out of RAN1 scope. If such coordination is needed to support any of the other techniques/enhancements, it can be discussed within the corresponding technique/enhancement.
The bullet “potential energy saving states and its transition between states from leveraging DTX/DRX opportunities” is unclear to us. Any of the time domain adaptation has something to do with transition between energy saving states. We need to be a bit more specific on the intention.

	Ericsson1
	We suggest below updates. 

· Further study techniques and enhancements for increasing DTX and/or DRX time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
b) semi-static and/or dynamic cell ON/OFF;
c) support of periodic, aperiodic and on-demand reference signal(s) to aid discovery;
d) DTX/DRX coordination among cells using Xn and NG interfaces;
e) techniques and enhancements applicable for single component carrier and multi-component carrier cases;
f) potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
g) dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS/TRS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, dynamic adaptation of PRACH occasions, etc.
h) UE assistance for energy-saving gNB operation
i) enabling dynamic adaptation of UE C-DRX configurations


	OPPO
	We are in general fine with Proposal #2-1. 
We notice some bullets in Proposal #6-1 can be captured here, so we propose the following modifications.
· semi-static and/or dynamic cell ON/OFF;
· Cell activation by the UE, for example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
· potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
· Technique to allow discovery and measurement of cells in deep sleep or dormant states
In addition, we think methods of reducing transmission/reception can be considered for both common channels/signals and UE-specific channels/signals. 
· dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
· potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels


	KDDI
	We share the similar comments with some companies that the DTX/DRX coordination is out of RAN1 scope and we want some clarification about the dynamic adaptation of UE C-DRX from proponents. 
We are fine with other part of the proposal

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 1st Round Discussion>
Based on comments received, moderator has updated Proposal 2-1 in #2-1a. While moderator tried to accommodate most companies’ comments, some comments are in conflict with each other and therefore some suggested edits were not applied.

Moderator suggest further discussion based on the updated proposal #2-1a.

Proposal #2-1A
· Further study techniques and enhancements for increasing cell on/off DTX and/or DRX opportunities by the gNB without transmission or reception, including (but not limited to) the following aspects:
· enhancements to common signals
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to UE power, complexity, initial access procedure, cell (re)selection, handover, paging reception performance and latency, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common signals can include no or reduced transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· adaptation of signal/channels for efficiency
b) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common PDCCH, SPS PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH configured for CG, SRS, etc.]
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
c) semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration indication; some examples are:
· Cell activation by the UE, for example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
d) support of periodic and on-demand reference signal(s) to aid discovery of a cell;
· activation/deactivation of gNB
e) potential energy saving states or sleep modes and its the transition between states from leveraging cell on/off DTX/DRX opportunities
· including studies of waking up gNB due to user traffic, or user density, or reception of wake up signal by the gNB
· including technique to allow discovery and measurement of cells in deep sleep or dormant states
f) UE assistant information facilitating BS time domain adaptation
· DTX/DRX coordination among cells using Xn and NG interfaces;
· enabling dynamic adaptation of UE C-DRX configurations in a UE-group or cell-sepcific manner based on gNB energy saving states or sleep modes
· for all techniques above, study of time domain techniques and enhancements applicable for single component carrier and multi-component carrier cases;


[CLOSED] 2nd Round Discussion
Further discuss based on Proposal #2-1a. One aspect that moderator would like companies to comment is  whether or not keep the text in [brackets].

Proposal #2-1A (cleaned up)
· Further study techniques and enhancements for increasing opportunities by the gNB without transmission or reception, including (but not limited to) the following aspects:
· enhancements to common signals
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to UE power, complexity, initial access procedure, cell (re)selection, handover, paging reception performance and latency, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common signals can include no or reduced transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· adaptation of signal/channels for efficiency
b) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, etc.]
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
c) semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration indication; some examples are:
· Cell activation by the UE, for example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
d) support of periodic and on-demand reference signal(s) to aid discovery of a cell;
· activation/deactivation of gNB
e) potential energy saving states or sleep modes and its the transition between states from leveraging cell on/off  opportunities
· including studies of waking up gNB due to user traffic, or user density, or reception of wake up signal by the gNB
· including technique to allow discovery and measurement of cells in deep sleep or dormant states
f) UE assistant information facilitating BS time domain adaptation
· for all techniques above, study of time domain techniques applicable for single component carrier and multi-component carrier cases;


	Company
	Comments

	LG Electronics
	In general we are fine and prefer to keep the green text in this proposal.

	OPPO
	We are fine with the proposal.

	Spreadtrum
	1) We do not clearly get the meaning of “adaptation of signal/channels for efficiency” and “activation/deactivation of gNB”. They are too broad. The sub bullets can interpret themselves. Suggest removing “enhancements to common signals”, “adaptation of signal/channels for efficiency” and “activation/deactivation of gNB”.
2) For c), cell does not have the same level as subframe/slot/symbol. Suggest changing to “semi-static and/or dynamic cell on/off in different duration e.g. /subframe/slot/symbol ON/OFF duration indication”

	ZTE, Sanechips
	Some update is suggested as below;
(1) Using the same term “signals/channels” for “signals”, “signal/channels”,  “signals and channels”
(2) On-demand RS isn’t necessary to be “periodic” at the same time
b) support of periodic and/or on-demand reference signal(s) to aid discovery of a cell;
(3) “without transmission or reception” is one of the potential power saving benefits, we prefer to be more generic
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB without transmission or reception, including (but not limited to) the following aspects:
(4) We prefer to list wake-up mechanism as a standalone solution. But we can go with the current proposal by listing it in each solution

	Nokia/NSB
	We have similar concerns as expressed above and wonder whether the differences between the following features could be made clearer or, alternatively, whether they could be merged:
1. enhancements to common signals
2. adaptation of signal/channels for efficiency

	Samsung
	Fine in principle and we prefer to keep the text in bracket
Regarding “adaptation of signal/channels for efficiency”, we think it should not be limited to group common PDCCH, and UE-specific PDCCH should also be considered. If gNB goes to sleep without transmitting any signals, why should UE monitor the UE specific PDCCH?  
· adaptation of signal/channels for efficiency
c) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, etc.]


	Lenovo
	To avoid duplication with the first bullet (enhancements to common signals), can remove “SSB” as follows:
· adaptation of signal/channels for efficiency
d) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, etc.]

	Intel
	We are generally supportive of the proposal. We are OK to remove or revise the  bullets below, since sub-bullets are self-explanatory
· enhancements to common signals
· activation/deactivation of gNB
 
Minor edit is suggested for the bullet below, since technically UE cannot activate any cell.
· semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration indication; some examples are:
1. Cell activation request by the UE, for example using WUS


	CATT
	We don’t see the need of keeping the bracket since they are some detail proposals.  However, we would like to add that the impact of the system and UE performance by dynamic adaptation of channel/signals and activation/deactivation should be addressed.  

	China Telecom
	For the companies have concerns on the clarifications, FL may refer to our comments in the 1st round. Our initial intention is that the second sub-bullet means the gNB is active but the signals/channels may need adapted for enhance the efficiency and saving the energy; while the third sub-bullet means the techniques for achieving the activation/deactivation of gNB. And based on that comprehension, the cell activation request by the UE may better be moved to the third bullet. 

	Xiaomi
	Fine with the Proposal. and think it is better to keep the green part in square bracket, to shed more light for further study.

	Qualcomm
	· For a), we propose to update “paging reception performance” to “SI/paging reception performance”
· For b), we don’t think the green text is needed since “periodic and semi-persistent” is already complete. If the green text is kept, we can add positioning RS (PRS) in the list
· dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS etc.]
· We propose to add back the following technique as g)
g) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner

· The last bullets can be captured as notes as follows:
· Note 1: Techniques can be applicable for single component carrier and multi-component carrier cases;
· Note 2: Use of UE grouping and its interaction with proposed techniques to be considered


	DOCOMO
	We are fine with the proposal and keeping the text in brackets. In our understanding, it is just examples of channels/signals and thus no harm to keep it in the proposal.

	LG Electronics2
	We have a question to Qualcomm’s addition for “g) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner”

Could you elaborate how gNB can save energy consumption by dynamically adapting UE C-DRX configuration? Based on current parameters for C-DRX configuration (e.g., offset), gNB can configure C-DRX for group of UEs to be aligned. On top of that, what would be needed additionally?


	MediaTek
	We are fine to keep the text in the bracket. Agree some bullets can be removed because they are not specific enough and their sub-bullets are self-explanatory. Our suggestion and comment are below.
Proposal #2-1A (MediaTek)
· Further study techniques and enhancements for increasing opportunities by the gNB without transmission or reception, including (but not limited to) the following aspects:
· enhancements to common signals [the objective is unclear, and its sub-bullets are self-explanatory]
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to UE power, complexity, initial access procedure, cell (re)selection, handover, paging reception performance and latency, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing/adapting [align with its main bullet and consider on-demand TX/RX of common signals can be used for different demands and not limited to reducing] transmission/reception of common signals can include no or reduced transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· adaptation of signal/channels for efficiency [Sub-bullets are self-explanatory]
e) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, Type-1 CG-PUSCH, SRS, etc.] [we are ok to keep it. However, Type-2 CG-PUSCH is semi-persistently and dynamic on/off via a DCI format has been supported]
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels [the main bullet is clear because dynamic adaptation may include skip, suspend, deactivation, and reconfigure offset and periodicity]
f) semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration indication [if we understand LG’s and CEWiT’s comments correctly, they imply the cell on/off indication may further include cell IDs, periodicity and offset, and duration. However, we should discuss whether the indication is needed and what the related UE behavior is]; some examples are:
· Cell activation request [agree UE cannot activate a cell] by the UE, for example using WUS gNB wake-up request [since WUS has been defined in 38.840, it is better to consider a new term] 
· Common channel/signal offloading procedures [offloading usually means reducing traffic load or performing HO to UEs. If we understand correctly, this sub-bullet is related to mobility enhancement and can be merged to the next sub-bullet. If not, then if this sub-bullet means SSB-less SCell enhancement, then we can capture this feature in the frequency domain.]
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
g) support of periodic and on-demand [we could discuss whether to support a new RS for cell discovery first, and whether it is per cell group, per cell, per UE, on-demand, P, SP, or AP that can be discussed further] reference signal(s) to aid discovery of a cell;
· activation/deactivation of gNB [we wonder if it is possible to merge it into (f) like gNB/cell/subframe/slot/symbol ON/OFF]
e) potential energy saving states or sleep modes and its the transition between states from leveraging cell on/off opportunities [according to Conclusion #1-1, sleep modes will not be discussed in this meeting]
· including studies of waking up gNB due to user traffic, or user density, or reception of gNB wake up signal request [avoid using WUS] by the gNB
· including technique to allow discovery and measurement of cells in deep sleep or dormant states, e.g., with a long sleep duration greater than 20ms [deep sleep and dormant states have no clear definition yet]
f) UE assistant information facilitating BS time domain adaptation
· Note: for all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases; [this sub-bullet seems a note rather than a study objective]


	CMCC
	We are generally fine with the proposal, one comment is that it may be difficult to distinguish gNB on/off from cell on/off.

	Huawei, HiSilicon
	1) For the addition of “paging reception performance and latency”, we think this can be discussed in 9.7.1, and it is not a technical aspect. Therefore, we prefer to remove this part to keep the description on the solution clean. 
	· enhancements to common signals
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to UE power, complexity, initial access procedure, cell (re)selection, handover, paging reception performance and latency, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common signals can include no or reduced transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals


 
2) It is not clear what aspect shall be adapted by “adaptation of signal/channels for efficiency”. It is adapted in time domain for periodicity or something else? Before clarification on it, it seems difficult to answer the questions regarding the content in the square brackets.
3) Is the “Cell activation by the UE, for example using WUS” duplicated compared with “on-demand reference signal(s) to aid discovery of a cell”? It would be better not to put the same mechanism everywhere.
4) Bullet e) of “potential energy saving states or sleep modes and its the transition between states from leveraging cell on/off  opportunities” is something for power model, which should be removed from this proposal.
5) We have not defined “deep sleep or dormant states” yet. It should be replaced by “sleep modes” in general.
6) Bullet f) of “UE assistant information facilitating BS time domain adaptation” should not be a sub-bullet of “activation/deactivation of gNB”.  It can be a higher level bullet.


	IDCC
	We are fine with the proposal.

	vivo
	We are generally fine with proposal with the following modifications.
· Regarding sub-bullet c), we suggest not to limit to “duration”. So removing “duration” is better.
c) semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration indication; some examples are:
· the green text can be removed at this moment and high-level description would be good
· regarding e), it would be good to clarify the wake up signal is received by gNB
e) potential energy saving states or sleep modes and its the transition between states from leveraging cell on/off  opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving reception of wake up signal by the gNB


	Qualcomm1
	@LGE on UE C-DRX 
We see same motivation/benefit as discussed in Section 3.3 of R1-2203920 (Samsung) and Section 3.1.1 of R1-2204687 (MTK). In addition, the BS will not need to send multiple UE-specific C-DRX configurations to multiple active UEs; providing additional BS power savings.
@Huawei
We have strong view on SI/paging performance when evaluating SI/paging. AI 9.7.1 is likely to have SI/paging under the note “Note, this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios”. Hence, this is a good place to capture in AI 9.7.1. We can discuss UE power and UE complexity in 9.7.1 since they seem comment for most techniques.

	Apple
	We are fine with merging the first two categories as suggested by some companies.
a) and b) both have SSB in it. Do they mean anything different in the two bullets?
We don’t have strong view on whether to keep the texts in bracket or not.
The main bullet of c) says “duration indication”, but the examples seem not related to duration indication. Some modifications seem necessary.

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 2nd Round Discussion>
Just few notes from the moderator. The proposal now includes the following sub-bullets from Proposal #6-1A as commented by few companies..
a) enhancements for common channel/signals
· for e.g., light versions of common signals/channels, flexible configurations of common signals/channel, offloading of common channel/signal
b) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation within a cell;

Moderator has update proposal in #2-1B based on comments received.

Proposal #2-1B
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB without transmission or reception, including (but not limited to) the following aspects:
· enhancements to common signals and adaptation of signal/channels for efficiency
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to UE power, complexity, initial access procedure, cell (re)selection, handover, paging reception performance and latency, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals, or offloading of common channel/signals to other carriers
· adaptation of signal/channels for efficiency
c) dynamic adaptation of periodic and semi-persistent signals and channels configuration [such as CSI-RS, SSB, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.], and its impact UE performance
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
d) semi-static and/or dynamic cell on/off in different durations, e.g. /subframe/slot/symbol ON/OFF duration indication; some examples are:
· Cell activation request by the UE, for example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
e) support of periodic and/or on-demand reference signal(s) to aid discovery of a cell;
f) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· activation/deactivation of gNB
g) [potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities]
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal reception of wake up signal by the gNB
· including technique to allow discovery and measurement of cells in deep sleep or dormant states
h) UE assistant information facilitating BS time domain adaptation
i) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.




[CLOSED] 3rd Round Discussion
Further provide comments on Proposal #2-1b. One company has commented to remove (g). Please provide comments on this.

One aspect is that impact to various UE performance (throughput, latency, power, etc) is something companies wished to add. Moderator assumes this is a general aspect that needs to be considered regardless of energy saving domain, therefore have not explicitly included here. Consideration for UE performance was captured in the SID, therefore moderator assumes companies will naturally investigate into this along with the techniques being proposed.

Proposal #2-1B (cleaned up)
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals, or offloading of common channel/signals to other carriers
b) dynamic adaptation of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
c) semi-static and/or dynamic cell on/off in different durations, e.g. /subframe/slot/symbol; some examples are:
· Cell activation request by the UE, for example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
d) support of periodic and/or on-demand reference signal(s) to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) [potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities]
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
h) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.


	Company
	Comments

	LG Electronics
	Our concern that is expressed in 2nd round was not for current g) “potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities”, but for f) “dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner” which is suggested by Qualcomm.

@ Qualcomm,
Thanks for sharing your views and referring to Tdocs from Samsung and MediaTek. Our follow-up question is that, why gNB configures different onDuration locations for different UEs at the first time? Can the problem be resolved by configuring aligned onDuration for group of UEs, rather than configuring different onDuration locations for UEs and then dynamically adapting UEs’ C-DRX configurations?
Regarding signaling overhead reduction achieved by sending multiple UE-specific C-DRX configurations (as stated in Qualcomm’s 2nd statement) seems related to RRC signaling overhead, which is not RAN1’s main concern.

In addition, we have several editorial comments.
· Letter “b)” is omitted.
· For WUS under the bullet “d)”, as other companies commented, we can replace WUS with “signal/channel from UE for gNB’s wake-up request” to avoid confusion with R16 WUS.
· The third sub-bullet under “d)” (for mobility enhancement) seems overlapped with “i)”, so, we can remove one of them.
· For bullet “g)”, we are OK with either way (keeping or removing it).


	DOCOMO
	We are fine with the proposal and to keep (f). It would be better not to preclude potential enhancements at this stage.

	MediaTek
	Thanks for addressing most of our concern. 
Regrading whether to remove (g), since (g) includes keywords such as energy saving states and sleep modes, we suggest removing (g) or at least preventing using energy states and sleep modes as concluded in Issue 1-1.
Issue 1-1:
Most companies seem to be open to defining energy states/sleep modes for discussion and evaluation. Definitions required by evaluations should be discussed under the evaluation agenda. Definitions required for discussions of potential techniques, given that there seems to be no common definition well established, moderator suggest companies to provide the information as they provide further information on the proposed solutions.
Some suggestion and comment are below.
d) semi-static and/or dynamic cell on/off in different durations granularity, e.g. /subframe/slot/symbol; some examples are: [when we say different durations, that usually means time length, e.g., 1 subframe or 2 subframes.]
· Cell/network node activation request by the UE, for example using BS-WUS [there is a need to differentiate WUS (gNB to UE) and BS-WUS (UE to gNB)]
· Common channel/signal offloading procedures [(a) has captured the same concept by or offloading of common channel/signals to other carriers]
· [L1/L2 based mobility mechanisms to support flexible on/off of a cell/network node] [we are not sure if it has overlaps with R18 mobility enhancement]
i) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell [we wonder whether it could be merged to (d)]

	CMCC
	We are generally fine with  the proposal, There is “offloading of common channel/signals to other carriers” under a), and another “Common channel/signal offloading procedures” under d), what’s the difference between them?

	IDCC
	We are fine with the proposal.

	Panasonic
	We are okay.

	Nokia/NSB
	We see the need to further streamline the list above to avoid clear overlapping across items. We provide some suggestions as follows.
1) Alignment of formulation b with the formulation of a:
b) potential methods of reducing/adapting transmission/reception dynamic adaptation of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
· 2) Aspects c, d, g and i seem overlapping. Therefore, we would support: 
· removing of g, which is already covered by c;
· merging of d under c,
· removing of i, which a duplicated entry to the one already covered under c.


	Intel
	We suggest removing the bracket for (g)

	ZTE, Sanechips
	(1) For the following bullet, we think the case that there is only one adaptation duration should also be considered.
semi-static and/or dynamic cell on/off in one or more different duration
(2) The following bullet in dynamic adaptation of P and SP-RS  is duplicated with common signals
· Common channel/signal offloading procedures
(3) For the L1/L2 mobility, we also think it may overlaps with R18 mobility discussion, or clarification is appreciated about  the reason for NW ES.

	China Telecom
	We are generally fine with the proposal. the both keeping and removing the g) seems fine for us. Besides, the i) can be merged into c) or d).

	CATT
	We are generally OK with the update.  The definition of gNB sleeping state needs to be discussed and agreed first for the bullet below. 
g)	[potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities]

	Samsung
	Fine with the proposal
We think g) should be kept. In our understanding, this is for defining new UE behavior if gNB goes to sleep or the cell is turned off.
@MTK, it seems you are fine with cell on/off, but not fine with the text “energy saving states/sleep modes”, in our understanding, if a cell is turned off, it means NW energy saving/sleep mode. What is MTK’s understanding of the gNB state if the cell is turned off?

	Moderator
	Intermediate update.
Proposal #2-1C below is tentative and draft in progress. Moderator will further update the proposal based on further comments and feedback in 3rd round.

	vivo
	We are fine with the updated proposal. 

	Fujitsu
	We are fine with FL’s update.

	OPPO
	We are in general fine with Proposal #2-1C, and prefer to add “channels” to the first bullet:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers

	CEWiT
	We think that the proposal 2-1C doesn’t include properly the light or relaxed versions of common signal and their adaptations taken from proposal 6-1A. Hence we suggest to update sub bullet of bullet (a) as 
· “potential methods of reducing transmission/reception of common channels /signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals”

	LG Electronics
	We are fine with Proposal #2-1C, although we haven’t received response from Qualcomm yet. 

	Qualcomm
	@LGE on C-DRX: switching between different C-DRX configs in today standards requires RRC reconfiguration which may not capture dynamic traffic for NES.

	NEC
	We are fine with the proposal.

	Apple
	On P#2-1C, we would like to add one sub-bullet under c):
· Signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol ON/OFF duration
This was originally included in the P#2-1A main bullet, but got dropped after the rewording of the main bullet.

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.





<Summary of 3rd Round Discussion>

Moderator has incorporated the comments in Proposal #2-1C. From moderator’s reading of the comments, the proposal seems to have entered a relatively stable stage. 

Proposal #2-1C
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of dynamic adaptation of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· including potential methods of reducing transmission/reception of periodic and semi-persistent signals and channels
c) semi-static and/or dynamic cell on/off in one or more different granularity durations, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using WUS signal/channel from UE for gNB’s wake-up request
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
g) [potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities]
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
h) UE assistant information facilitating BS time domain adaptation
i) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.


[CLOSED] 4th Round Discussion
Further provide comments on Proposal #2-1C. Given that companies had ample time to comment in the previous rounds, moderator would like to ask to refrain from comments unless it is critical and try to focus on constructive feedback to make the proposal better for all companies.

Proposal #2-1C (cleaned up)
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.


	Company
	Comments

	Huawei, HiSilicon
	We share similar concern with MTK on the bullet f) that the “potential energy saving states or sleep modes” seems not clear and it looks like to define some power state other than a mechanism.  
According to Samsung’s explanation, we think it focuses on adaptation among different power states from leveraging cell on/off opportunities. Therefore, we suggest the following revision on bullet f):
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states


	ZTE, Sanechips
	We are generally OK with the update. For item c), “for example using WUS signal/channel ” in the first sub bullet should be cleaned up.

	Moderator
	Made an intermediate update. Moderator will continue to update as further comments are received. Please note Proposal #2-1D is drafting in progress and content may change in the future.
Fixed the typo for removal of WUS.

	Nokia/NSB
	We had a question for clarification on d) since from our perspective it is not clear whether this is about a NEW periodic and/or existing on-demand RS transmitted by gNB? Perhaps it would be beneficial to clarify it in the proposal.

	Moderator
	The bullet was based on CATT’s proposal
· For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.
Based on CATT’s document R1-2203482, moderator assumes this is referring to existing discovery signals from the gNB. For details please refer to CATT’s proposal.
Added “from the gNB” for (d)




<Summary of 4th Round Discussion>
Moderator has made updates based on comments received. Overall, the changes are minor and moderator assumes the proposal is stable for presentation and agreement.

Proposal #2-1D
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.


2.3 Frequency-domain based Energy Saving Techniques
· [2] Nokia/NSB
· NW with activated multiple CCs can apply with symbol-level NW DTX/DRX transmission, i.e. with symbol-level DTX/DRX transmission across multiple CCs simultaneously.
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· Dynamic bandwidth adaption for gNB energy saving could be considered in frequency domain.
· [5] vivo
· Study anchor carrier concept for network energy saving in frequency domain, including design and procedure for initial access UEs, RRC idle UEs and RRC connected UEs.
· [6] ZTE/Sanechips
· For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band cases.
· In single -carrier case, SSB/SIB reduction can be considered
· [8] China Telecom
· The Scells without SSB in inter-band CA should be studied.
· Which bands are feasible and the related UE requirements should be further identified.
· [10] Samsung
· Study supporting a dedicated BWP for gNB’s transmission/reception in the energy-saving state.
· Study supporting joint adaptation of gNB transmission bandwidth and power spectral density.
· [11] NEC
· enhancement on cell activation/deactivation and cell dormancy should be considered to better support gNB energy saving and minimize the impact on UE operation.
· Support SSB/SIB reduction in CA scenarios.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in frequency as should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· Multiple carrier operation using DC/CA. CC activation/ deactivation and cell on/off can be employed for traffic adaptation.
· BWP framework can also be used to adapt to traffic in a cell.
· Applicable scenarios 1 ~ 4
· [15] Futurewei
· Frequency domain adaptation should consider adaptation of multicarriers and/or BWPs at the cell level using cell-level deactivation (and activation) signaling. This also includes group-level activation/deactivation signaling.
· [17] CMCC
· The following three alternatives for time and frequency domain power saving enhancements can be further studied,
· No transmission of SSB/SIB in the carrier
· Increased SSB/SIB transmission period
· On demand SSB/SIB transmission
· [18] NTT Docomo
· Study SSB-less SCell for inter-band CA for network energy saving techniques.
· Study group-common based BWP switching for network energy saving techniques.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· Consider to enhance indication methods for deactivating frequency domain resources (e.g., SCell (de)activation or BWP switching via group-common DCI or MAC CE) or for adjusting the bandwidth of a given BWP.
· [22] Mediatek
· SSB-less SCells in inter-band CA could be studied in RAN4, e.g., bands and UE requirements.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of frequency used
· Changes to RBs/BWPs used for transmission and reception by the gNB/Network
· Enabling/disabling of CCs in different frequency by the gNB/Network  
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study potential of reducing the BW adaptation delays for Rel18 UEs.
· Study group-common or cell-specific BWP switching.
· Study techniques which optimize reference signal transmissions over Scells in terms of network energy savings. 
· [27] Qualcomm
· Study joint dynamic Pcell switching and Scell dormancy indication.
· If inter-band CA with SSB-less carriers is studied, use the following assumptions for the study
· Collocated carriers belonging to the same TAG
· Neighboring carriers 
· Periodic TRS is still transmitted in SSB-less carriers
· FR1 only.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to frequency-domain based NW energy saving techniques.

Proposal #3-1
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· dedicated BWP for UE during specific energy saving states at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
· joint adaptation of transmission bandwidth and power spectral density
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation

[CLOSED] 1st Round Discussion
Please comment on proposal #3-1, including any suggested edits (add bullets, remove bullets), or even suggestions for better alternative proposal.

	Company
	Comments

	Intel
	The proposal overall looks fine. 
We have one comment on the following bullet. What is definition of cell dormancy assumed here? We think this is different from SCell dormancy considered during Rel-16. It would be good if proponents could clarify. We suggest using general description and avoid use of new terminologies. 
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation

	LG Electronics
	For the second sub-bullet, it should be clarified whether SSB-less cell is secondary cell. Furthermore, in our understanding, for the case of intra-band CA, SSB-less secondary cell is allowed but not allowed for inter-band CA case. In this case, RAN4 should be involved to check its feasibility. Considering those aspects, we suggest the following modifications.

· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation with RAN4 involvement

To Intel, for the last bullet, our understanding is that “cell dormancy” here is the same as Rel-16 SCell dormancy. If gNB can go into SCell dormancy to save its power consumption, we may consider enhancement of SCell dormancy for more efficient NW ES.

	Spreadtrum
	Similar comments as that of Section 2.2.
For example, DTX/DRX of gNB for some CC is included in dynamic cell ON/OFF, since from RAN1 perspective CC is equal to cell.

	Xiaomi
	Hope can get clarification on the first bullet:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
gNB can already dynamic change BWP and dynamic schedule the PRB used for DL/UL by scheduling DCI in current spec. So what is to be enhanced compared to current spec?
We are fine with other parts.


	IDCC
	We are fine with the proposal and have the same comment as Xiaomi. 

	NOKIA/NSB
	We have the following proposals to further clarify whether the proposals from companies target Single-carrier or Multi-carrier:

2. For Single-carrier with BWP operation:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
· dedicated BWP for UE during specific energy saving states at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
3. For Multi-carrier:
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation
4. Joint adaptation of transmission bandwidth and power spectral density


	Lenovo
	In our understanding, SSB-less cell operation is allowed since Rel-15 NR, as shown below (TS 38.213, v15.14.0)
“For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the serving cell based on receptions of SS/PBCH blocks on the Pcell, or on the PSCell, of the cell group for the serving cell.”
Thus, we don’t see the need for the following sub-bullets for RAN1 study:
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation

	China Telecom
	We are generally fine with the proposals.
For Lenovo, we think the SSB-less cell here refers to the SSB-less in the inter-band CA, which hasn’t been supported in the specs, the modification from LGE clarifies the misunderstanding. And the Scells without SSB in inter-band CA was confirmed to studied in this SI in the chairman’s summary in RAN#94, the appendix 2 of RP-213469, so we strongly suggest to study the SSB-less in inter-band CA.
The categorization made by Nokia/NSB looks clearly and can help us understand the techniques. 
Besides, the last sub-bullet looks like the techniques including in the time-domain based techniques, we wonder whether the sub-bullet should be listed here.

	DOCOMO
	We are generally fine with the proposal and have the same comment as Xiaomi and IDCC. In our understanding, dynamic bandwidth adaptation can be achieved by the current BWP switching mechanism.
@Lenovo
SSB-less cell operation is supported since Rel-15 but it is only for intra-band. We think the intention is to extend the operation to inter-band and thus, it can be kept in the proposal.

	Qualcomm
	Our suggestion and comment below:
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
· This is already supported by current spec under dynamic BWP adaptation and/or dynamic grant framework.  What else do we need to study?
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· DTX/DRX should belong to time domain techniques. In addition, discussion on SSB-less cell is only applicable to inter-band CA which could be standalone bullet.
· Inter-band CA with SSB-less Scell
· dedicated BWP for NW energy savings UE during specific energy saving states at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
· joint adaptation of transmission bandwidth and power spectral density
· This is also listed in power domain technique, and we should discuss it under power domain.
· enhancements on cell activation and deactivation, enhancements on cell dormancy in CA
· including methods for signaling activation/deactivation
· including group common dynamic Pcell update


	Fujitsu
	We share the similar view with xiaomi that adjustments of PRBs and BWP are already supported in current spec. Clarification about the enhancement point for the first sub-bullet is required.

	Fraunhofer IIS
	We are fine with the proposal. A slight modification might be needed for the last sub-bullet as follows:
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods and triggering conditions for signaling activation/deactivation


	MediaTek
	WE have the following comments for Proposal #3-1
1) NR already supports dynamic BWP switching. It is unclear what FFS is, e.g., whether to support UE-group BWP switching
2) NR already supports SSB-less cells in intra-band CA.
3) dedicated BWP could be merged into the time-domain techniques.
4) joint adaptation could be merged into dynamic bandwidth switching
5) cell activation and deactivation could be merged into the time-domain tech.
Proposal #3-1-MTK
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· Enhanced dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density.
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement for inter-band CA, study conditions and restrictions required for the operation
· dedicated BWP for UE during specific energy saving states at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
· joint adaptation of transmission bandwidth and power spectral density
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation 

	CMCC
	We are generally fine with the potential solutions listed by the proposal. 
And Nokia’s classification seems good to make options clear. 
1)For the bullet of “supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)” does it mean to define group-common or cell-specific BWP? Or only to enhance the dynamic BWP switching with group-common or cell-specific signaling?
2)If the above question is only for signaling enhancement, then it can be included in the first sub-bullet, “adjustments to RBs and/or BWP used by the UE for transmission and reception”. 
3) for the multiple carrier SSB-less scheme, we also it can be studied, and the related enhancements may include fast activation/deactivation of of Scell if it is synchronized to another cell.


	Vivo
	For the sub-bullet of enablement of DTX/DRX of gNB for some CC in CA/DC scenarios, we suggest to replace CA/DC to a more generalized form as multi-carrier operation scenarios since it is not clear that SSB-less cell operation reuse CA/DC framework. Besides, SIB1-less operation and the related procedure to access the network for different UE types also need to be studied.
· enablement of DTX/DRX of gNB for some CC in CA/DC multi-carrier operation scenarios;
· including enablement of SSB-less cell and/or SIB1-less operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation, and related procedure for initial access/idle/connected UE
For the sub-bullet of joint adaptation of transmission bandwidth and power spectral density, the meaning of this bullet is not clear to us. It seems natural PSD is scaled with transmission BW given the fixed total output power, what would need to be studied?
Besides, UE assistant information can also be studied.

	ZTE, Sanechips
	Some comments on proposal #3-1 are as below: 
1) dynamic bandwidth adaptation
Dynamic bandwidth adaptation can be implemented by current standard and can reduce more UE power consumption. We think the additional enhancement should be clarified for this bullet.
2) enablement of DTX/DRX of gNB for some CC in CA/DC scenarios:
DTX/DRX is just one of the potential benefits enhancement, we suggest to modify this bullet as “ CA/DC enhancement”. We also agree that fast SCell activation/de-activation needs to be considered as it is discussed in our  contribution.
3) joint adaptation of transmission bandwidth and power spectral density: 
 This bullet is preferred to be discussed under the power-domain based energy saving techniques.

	Samsung
	Fine with the proposal.

	CEWiT
	The proposal overall looks fine. We have following comment for the second sub-bullet, the SSB can be omitted for any carrier, irrespective of primary or secondary, based on load.


	Huawei, HiSilicon
	1） For the 1st, 3rd and 4th proposals, it seems that similar points on adjusting BWP bandwidth is discussed. We doubt this has much benefit on gNB energy saving, especially compared to the case where a larger BW is configured and only part of the BW is scheduled. The narrow BWP may bring some benefit to UE power saving but it would be marginal to gNB. In addition, what is difference of the dedicated BWP from the current BWP configured by RRC dedicated signaling? Maybe some clarification is needed.
2） For the 2nd proposal, SIB-less operation can also be considered for CA case. The proposal can be modified as below: 
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less and SIB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation


	New H3C
	For the first bullet:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
More clarifications are needed here since adjustments to RB can be achieved by dynamic scheduling.

	NEC 
	We are generally fine with Proposal #3-1. 
For the second bullet, we think DTX/DRX for other common signal and TRS should also be considered, we suggest the following modifications:
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· DTX/DRX for other common signal and TRS  
For the last bullet ‘enhancements on cell activation and deactivation, enhancements on cell dormancy’, we agree with Intel to further consider the terminology. From the NW energy perspective, the ‘deactivation’ and ‘dormancy’ are an energy saving states, different from the legacy principles that was described from the UE side. 


	CATT
	We are OK with the generic category and components of energy saving in frequency domain.  However, we would like to clarify that the dynamic CC ON/OFF is the gNB energy saving and is not equivalent to DTX/DRX, activation/deactivation, or dormancy/active.    Moreover, BWP is UE-specific configuration.  Network could configure a BWP configuration for a group or all UE since Rel-15.  If the intention is to have a signaling for specific group common BWP configuration, it should be studied in RAN2.  The energy saving gain of dynamic bandwidth adaptation is to switch the RF BW at gNB.  Thus, the enhancement is to support dynamic indication of BWP to all UEs.   
Our suggestion of modification is as follows,
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the all UEs for transmission and reception
· enablement of DTX/DRX dynamic ON/OFF of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· dedicated BWP for all UEs during specific in network energy saving state at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
· joint adaptation of transmission bandwidth and power spectral density
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation


	Apple
	Clarification is needed for “dynamic bandwidth adaptation” to understand the enhancements to be considered.
Support the clarification on SSB-less operation for inter-band CC, and include the RAN4 work. Should we send an LS to RAN4 for feasibility study? We can potentially deprioritize it before we hear back from RAN4.
A general comment is that some techniques may not strictly belong to a single category. It is less important to argue which category we should put it in, but it is important that we don’t repeat one technique in multiple categories.
We would also like some clarification on the last bullet “enhancements on cell activation and deactivation, enhancements on cell dormancy”. I think we need to be more specific than just saying enhancements.

	Ericsson1
	We suggest below update to the fifth bullet.

· joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth


	OPPO
	We share similar views with NOKIA/NSB. These proposals can be separated for single-carrier or multi-carrier.

	KDDI
	We share the same comments with Fujitsu and Xiaomi

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 1st Round Discussion>
Based on comments received, moderator has updated Proposal 3-1 in #3-1a. While moderator tried to accommodate most companies’ comments, some comments are in conflict with each other and therefore some suggested edits were not applied.

One aspect is comments regarding whether the technique should be categorized in one domain over another. For example, whether DTX/DRX related aspects should be part of time or frequency domain. From moderator perspective, the proposal is simply a list of potential aspects to study, and could be listed in all the domains. So, moderator would like to ask companies to focus on content and not whether it is better suited in another domain. Such domain categorization for the TR may not exist and even if TR is sub-categorized into different domain, RAN1 should be able to discuss the actual category for each solution later.

Moderator suggest further discussion based on the updated proposal #3-1a.

Proposal #3-1A
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all the UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) dedicated BWP for network energy saving for UE during specific energy saving states at the gNB
c) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
2) For operation with multi-carrier
a) enablement of cell dynamic on/off DTX/DRX of gNB for some CC in multi-carrier operations CA/DC scenarios;
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/idle/connected UE
· DTX/DRX for other common signals and TRS
3) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth
4) enhancements on cell activation and deactivation, enhancements on Scell dormancy
a) including methods and triggering conditions for signaling activation/deactivation
b) including group common dynamic Pcell updates



[CLOSED] 2nd Round Discussion
Further discuss based on Proposal #3-1a. For techniques that seem duplicative with techniques in other domain, moderator suggests leaving them for now as long as there is some relevance. The proposals are anyway suggestions for study and not intended to be directly captured to TR.

One the issue of RAN4 involvement, moderator is not sure if it needs to be described for the proposal. The proposal is generic statement of direction for study. If RAN4 inputs on feasibility is required, that could be conducted separately to RAN1 study. Therefore, moderator is not really sure whether coordination of study with RAN4 needs to spelled out. With that said, moderator would like to ask companies on whether or not to keep the text in [brackets].

Proposal #3-1A (cleaned up)
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) dedicated BWP for network energy saving
c) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
2) For operation with multi-carrier
a) enablement of cell dynamic on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/idle/connected UE
· DTX/DRX for other common signals and TRS
3) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth
4) enhancements on cell activation and deactivation, enhancements on Scell dormancy
a) including methods and triggering conditions for signaling activation/deactivation
b) including group common dynamic Pcell updates


	Company
	Comments

	LG Electronics
	Some minor comments:
For a) under 1), “all” can be removed since legacy UEs may not be able to adjust RB within a given BWP.

a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density

Even though some techniques can be overlapped between different domains based on Moderator’s comments, “joint adaptation of transmission bandwidth and power spectral density” can be found in two places here, at the sub-bullet of a) and 3). Does this have any particular reason? If not, we can remove one of them.

For a) under 4), “triggering conditions for signaling” is not clear, rather, we can switch the order to make it clearer, as follow.

4) enhancements on cell activation and deactivation, enhancements on Scell dormancy
a) including triggering conditions and methods and triggering conditions for signaling activation/deactivation

Lastly, we prefer to keep the green text by just removing bracket.


	OPPO
	OK

	Spreadtrum
	In Section 2.2, “dynamic cell on/off” is used. To be unified, we suggest changing “cell dynamic on/off” to “dynamic cell on/off”.

	ZTE, Sanechips
	(1) For the 3rd bullet, we agree with LG that it is duplicated with 1st bullet, also the solution in power domain. If there is no difference among these bullets, we prefer keep the one in power domain.
(2) For the bracket of green text, we think it can be  kept as it is before the restriction is discussed. As we and CMCC commented in the last round of discussion, the SCell activation procedure also needs to be considered.
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/SCell activation/idle/connected UE


	Nokia/NSB
	We wonder whether feature 4 above (enhancements on cell activation and deactivation) is simply another aspect of feature 2 above (operation with multi-carrier). 
Similarly, we observe that feature 4 above overlaps with feature 3 of proposal #3-1 (activation/deactivation of gNB)


	Samsung
	Fine in principle, and we prefer to keep the text in bracket, since it’s true that SSB-less study needs RAN4 involvement.
In our understanding, BWP switching enhancement could be beneficial for NES, however, before Rel-18, in general we assume the BWP switching will not happen frequently, some current mechanisms do not consider frequent BWP switching. For example, after BWP switching, SPS PDSCH, Type-2 CG PUSCH need to be reactivated even if the allocated resources are the same. We think it is necessary to consider the related enhancements for the case of frequent BWP switching.
We suggest to add “Enhancements for the case of frequent BWP switching” under the first sub-bullet.
In addition, we think 1-a) and 3) are duplicated.


	Lenovo
	Item 4) can be a part of Item 2) 

	Intel
	We support in general. Perhaps, 3rd bullet can be absorbed into the 1st bullet
Proposal #3-1A (cleaned up)
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· For operations with single-carrier or within a single CC
b) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
c) dedicated BWP for network energy saving
d) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
e) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth

· For operation with multi-carrier
· enablement of cell dynamic on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/idle/connected UE
· DTX/DRX for other common signals and TRS
· joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth
· enhancements on cell activation and deactivation, enhancements on Scell dormancy
including methods and triggering conditions for signa

	CATT
	We are generally OK with the description.  For (3), we would like to ensure the cell coverage is not affected.   

	China Telecom
	We are generally fine with the proposal. And we think 3) and 4) a can be part of 1), while 4) b can be part of 2).

	Xiaomi
	BWP switching delay in current spec was defined by RAN4. So we suggest the following modification:
· For operations with single-carrier or within a single CC
f) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay [with RAN4 involvement], UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density


	Qualcomm
	· For 1a), we can change “all UEs” to “all R18 UEs”
· 1b) and 1c) can be merged as follow
· supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism.
· 3) is already captured in 1). So, we suggest removing 3).
· For 2a), we only have C-DRX operation in existing specs. DTX/DRX in “DTX/DRX for other common signals and TRS” is not clear. Does it mean defining DTX/DRX at gNB for other common signals and TRS? We should clarify it, otherwise we suggest to remove it.
· 4) can be part of 2). In addition, we can update “UE group common dynamic Pcell updates” to be consistent with the usage in the above text.

	DOCOMO
	We are fine with the proposal and to keep the text in brackets. Also, we share similar view with other companies that (4) can be a part of (2).

	MediaTek
	We generally support this proposal. Agree some bullets are duplicated and still have some room to make them clear. Our suggestion and comment are below.
Proposal #3-1A (MediaTek)
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
d) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
e) dedicated BWP for network energy saving
f) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s) [NR supports common BWP configuration already, e.g., bwp-Common, and UE-group BWP switching has been captured in (d)]
2) For operation with multi-carrier
b) enablement of cell dynamic on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement] [we are ok to remove the brackets and keep it here], and related procedure for initial access/idle/inactive/connected UE [initial access is part of the idle mode operation. Add inactive if we want to complete all categories for a UE]
· gNB DTX/DRX for other common signals (than SSB) and TRS for some CC in multi-carrier operations. FFS: details on gNB DTX/DRX. [since DRX is also used as UE C-DRX and DTX could refer to HARQ DTX, a new term to prevent confusing is needed. Also, the definition of DTX or DRX is unclear, e.g., discontinue transmission or reception (per gNB, per cell group or per cell?) Finally, if it means reducing common signals overhead per gNB, we have captured this in the time domain. We suggest adding a specific scenario for this sub-bullet]
3) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth [it has been captured in 1]-d]
4) enhancements on cell SCell activation and deactivation [dynamic cell ON/OFF has been captured in the time domain. Suggest being specific to SCell], enhancements on Scell dormancy
c) including methods and triggering conditions for signaling activation/deactivation
d) including group common dynamic Pcell updates switching [if we understand QC’s proposal correctly, once a gNB updates a new Pcell among UEs for NES, the gNB still needs to deactivate the old Pcell. So, switching is more precise than updating]

	CMCC
	For the single carrier bullet, according the proposal #3-1A, the answer to our first round question about the mention of this bullet is “to define group-common or cell-specific BWP”. Then b) and c) can be combined together, since they all mean specific BWP is used for power saving. The combined subbullet can be,

b)dedicated BWP for network energy saving
c)supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
b)supporting dedicated BWP for network power saving including UE specific, group common or cell specific BWP and mechanisms to switch between BWP(s).


	Huawei, HiSilicon
	For 1), gNB can configure a big BWP but only schedule a small part within the BWP to form the narrow BW transmission. Therefore, we doubt what is the network energy saving benefit of bullet 1). Furthermore, as we commented in the last round, we think it should be carefully discussed whether reducing BW of the BWP can really save much energy for gNB, since the gNB energy consumption is mainly occupied by the PA, the number of RF chains and static circuit. 
For 2), SSB-less is discussed for inter-band case since intra-band SSB-less is already supported. However, SIB-less should not be restricted for inter-band case. Also, we don’t think SSB-less and SIB-less Scell are about enablement of cell dynamic on/off. So we don’t think these two bullets are the sub-bullets of bullet a). We prefer to make them as bullet b) and bullet c).

The proposed change is as following:
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) dedicated BWP for network energy saving
c) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
2) For operation with multi-carrier
a) enablement of cell dynamic on/off for some CC in multi-carrier operations
b) including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/idle/connected UE
c) including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· DTX/DRX for other common signals and TRS
3) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth
4) enhancements on cell activation and deactivation, enhancements on Scell dormancy
a) including methods and triggering conditions for signaling activation/deactivation
b) including group common dynamic Pcell updates

	IDCC
	We are fine with the proposal.

	Vivo
	We have some comments.
For 1), it seems a) can also include c), so that c) may be merged as part of a).
For 3) and a) of 1), it is not clear what is the issue to be addressed and what is the improvement by “joint adaptation of transmission bandwidth and power spectral density”. The motivation and issue to study need to be further clarified.

	Qualcomm1
	@MediaTek: yes, dynamic Pcell switching is better.

	Apple
	c) “joint adaptation of transmission bandwidth and power spectral density” are duplicated in 1)-a).
On “DTX/DRX for other common signals and TRS”, how is this different from “enhancements to common signals” under time-domain techniques?
On “SSB-less cell operation for inter-band”, we would like to get clarification on what needs to be investigated in RAN1 from procedure perspective, given that the operation is already supported for intra-band. We thought the main work is RAN4 study on feasibility, but we may be missing something here.

	Moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 2nd Round Discussion>
Moderator has updated the proposal in #3-1b based on comments received.

Proposal #3-1B
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by all (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching
d) dedicated BWP for network energy saving
e) supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
2) For operation with multi-carrier
a) enablement of cell dynamic cell on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell and/or SIB1-less operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation [with RAN4 involvement], and related procedure for initial access/Scell activation/idle/inactive/connected UE
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· gNB DTX/DRX for other common signals (than SSB) and TRS for some CC in multi-carrier operations
3) joint adaptation of transmission bandwidth and power spectral density, adaptation of reception bandwidth
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy
· including triggering conditions and methods and triggering conditions for signaling activation/deactivation
· including group common dynamic Pcell switching updates


[CLOSED] 3rd Round Discussion
Further provide comments on Proposal #6-2b. 

Moderator suggest companies try to be constructive and open minded about the study. Yes, there could be still many unclear aspects from submitted contributions from this meeting. The entire proposal is to state study of these listed items. Hopefully, some questions on justification, specification impact, and feasibility could be answered in upcoming meetings.

While it is true that RAN1 can study all of these things without an agreement on the proposal. However, as far as I know 3GPP is still a contribution driven technical forum, and moderator is simply trying to capture the inputs from companies this meeting as items for study. From moderator’s understanding the proposal is simply asking companies to study these things and is a simple laundry list of techniques that companies can review until the next meeting to start providing more meaningful and in-depth description of techniques and solutions.

Proposal #3-1B (cleaned up)
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching
2) For operation with multi-carrier
a) enablement of dynamic cell on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation with RAN4 involvement, and related procedure for initial access/Scell activation/idle/inactive/connected UE
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· gNB DTX/DRX for other common signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy
· including triggering conditions and methods for signaling activation/deactivation
· including group common dynamic Pcell switching


	Company
	Comments

	LG Electronics
	We are in general OK with Proposal #3-1B.
Just one editorial comment:
· As we did for time-domain based NES techniques, gNB’s DTX/DRX can be replaced with generalized description, as follows.

· Reducing/adapting  gNB’s transmission/reception of gNB DTX/DRX for other common signals (than SSB) and TRS for some CC in multi-carrier operations


	DOCOMO
	We are fine with the proposal.

	MediaTek
	We support this proposal. Thanks for addressing most of our concern. It would be good to revise the following sentence. Our suggestion and comment are below.
· For SSB-less cell operation enablement, study conditions and restrictions required for the operation with RAN4 involvement, and related procedures for potential initial access impact and SCell activation delay. /Scell activation/idle/inactive/connected UE [we understand vivo has concern on initial access impact on SSB-less cells for idle and inactive UEs. ZTE and CMCC have concerns on SCell activation delay if there is no SSB for UE synchronization. However, when we combine these two concerns, the proposal seems over simplified and does not deliver their intention anymore.]

	CMCC
	We are fine with the proposal.  Thank MTK for the explanation. Our initial thinking is that with SSB-less cell, UE can get synchronization for such cells by SSB in other cell, then the activation delay of such SSB-less cell can be reduced, if UE is already synchronized to other cell.

	IDCC
	We are fine with the proposal.

	Panasonic
	We are okay.

	Nokia/NSB
	We are fine with this proposal.

	Intel
	Proposals overall looks fine. Application of proposal 1-c can be clarified a bit more.
We believe Samsung mentioned, “after BWP switching, SPS PDSCH, Type-2 CG PUSCH need to be reactivated even if the allocated resources are the same. We think it is necessary to consider the related enhancements for the case of frequent BWP switching.”
If so, maybe something along the lines of the following can be considered. Although it seems more related to saving RRC signaling overhead.
(c) Enhancements to resource configurations, such as SPS PDSCH and Type-2 CG PUSCH, for the case of frequent BWP switching


	ZTE, Sanechips
	(1) For the following sub-bullet, clarification is appreciated why it is beneficial for NW ES. In our understanding, it is more relevant to UE PS, or signaling overhead reduction.
d) Enhancements for the case of frequent BWP switching
(2) Thanks for MTK’s comments and suggestion. Actually, our intention is that for the inter-band SCell case, enhancements on the legacy SCell activation is needed. It doesn’t imply that it will have impact on SCell activation delay.　Therefore, we think the version suggested by moderator is better.
(3) For the following bullets, what is other common signals than SSB? Does it mean “other channel” instead of “other signals”
· gNB DTX/DRX for other common signals (than SSB) and TRS for some CC in multi-carrier operations

	China Telecom
	We are fine with the proposal.

	CATT
	We are OK with the proposal with the following correction since SCell dormancy is for UE not to monitor PDCCH but not inactive. 
c) enhancements on Scell activation and deactivation, enhancements on Inactive Scell dormancy
The gNB energy saving is from the Inactive SCell (turning off) and not reducing UE PDCCH monitoring of SCell by SCell dormancy.

	Samsung
	Support the proposal.
We agree with the intention of Intel, but the wording can be more general, “resource configurations” is a little restrictive in our understanding.
a) Enhancements for the case of frequent BWP switching, such as resource configurations for SPS PDSCH and Type-2 CG PUSCH.

	Moderator
	Intermediate update.
Proposal #3-1C below is tentative and draft in progress. Moderator will further update the proposal based on further comments and feedback in 3rd round.

	vivo
	We are fine with the updated proposal.

	Fujitsu
	We are fine with the updated proposal.

	OPPO
	We are fine with Proposal #3-1C.

	CEWiT
	We think that the SSB can avoided for any cell irrespective of primary or secondary, if the skipped SSB can be provided through an active cell to the UE, hence we suggest to update first sub bullet of bullet (a) in point (2) as “including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study conditions and restrictions required for the operation and related procedure for initial access/Scell activation for UE with RAN4 involvement that may include investigation of potential initial access impact and Scell activation delay ”

	LG Electronics
	We have one comment for the removed blue text in the first bullet under a). We prefer blue text rather than new red text, since idle/inactive UE covers initial access procedure while initial access procedure does not cover idle/inactive UE behaviors. With the other reason (for Scell activation delay aspect), ZTE also seems to prefer the original blue text.
Regarding CEWiT’s comment, we don’t support removing “secondary cell” because SSB on/off in any cell is already included in Proposal #2-1C.

	Qualcomm
	We suggest the following update to be consistent with the same usage in other part of the proposal
· including UE group common dynamic Pcell switching


	NEC
	We are fine with the proposal.

	ZTE, Sanechips2
	We would like to echo with LG that for the first sub-sub bullet under the operation with multi-carrier, the original red text is preferred, since there is not necessary to have impact on SCell activation delay. And the current blue text seems that both the initial access and SCell activation need RAN4 involvement, which is not true.
And we also agree to keep secondary cell in this bullet, for the case that SSB-lees can be applied to any cell has already been captured in time domain solution.

	Apple
	We are generally fine with P#3-1C

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.





<Summary of 3rd Round Discussion>
Moderator has incorporated the comments in Proposal #3-1C. From moderator’s reading of the comments, the proposal seems to have entered a relatively stable stage. 

The following are some comments from the moderator:
· On removal of “secondary cell”, CEWiT suggest to remove this. However, I would agree with LGE that general on/off and possibility of SSB-less operation seems to be covered by (a) of Proposal #2-1C. Moderator suggests to keep this here.
· For the RAN4 related text, moderator has tried another attempt. Hopefully this can please the concerning companies. The connected UE procedures should hopefully include Scell activation aspects even though its not explicitly stated.

Proposal #3-1C
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of dynamic cell on/off for some CC in multi-carrier operations
· [bookmark: __DdeLink__22310_1511731013]including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs with RAN4 involvement and related procedure for initial access/Scell activation for UE with RAN4 involvement that may include investigation of potential initial access impact and Scell activation delay with RAN4 involvement, and related procedure for initial access impact/Scell activation/idle/inactive/connected UE
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting  gNB’s transmission/reception of DTX/DRX for other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching




[CLOSED] 4th Round Discussion
Further provide comments on Proposal #3-1C. Given that companies had ample time to comment in the previous rounds. Moderator would like to ask to refrain from comments unless it is critical and try to focus on constructive feedback to make the proposal better for all companies.

Proposal #3-1C (cleaned up)
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of dynamic cell on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs with RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching


	Company
	Comments

	MediaTek
	We are okay with the proposal, but the bullet (a) and its sub-bullets are a bit irrelevant, i.e., dynamic cell on/off has nothing to do with the SSB/SIB/other common signal/-less operation. Also, (a) and (b) are quite the same in principle, i.e., both are targeting SCell on/off enhancement. We suggest the following change.
a) enablement of at least SSB-less and SIB-less operation dynamic cell on/off for some CC in multi-carrier operations [MTK: make the main bullet relevant to its sub-bullets]
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs with RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy, and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching [MTK: dynamic PCell switching is a bit irrelevant to the main bullet. We suggest promoting it into the main bullet and leaving UE group common here as its sub-feature]

	ZTE, Sanechips
	For the following bullet, without any clarification about  what is the idle/inactive/connected state procedure, we think it is too early to put RAN 4 involvement in. Therefore, we suggest the following update.
· For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs with potential RAN4 involvement, including SCell activation procedure


	Moderator
	Made an intermediate update. Moderator will continue to update as further comments are received. Please note Proposal #3-1D is drafting in progress and content may change in the future.
For Mediatek’s first comment to replace cell on/off with SSB-less operation. I think it should be ok to keep them. The main aspect for (a) was about cell on/off, but the sub-bullets simply add (i.e. “including”) SSB-less operation to this framework.
This was why word “including” was used. If the issue is not critical moderator suggest keeping the current text for (2-a) as is.




<Summary of 4th Round Discussion>
Moderator has made updates based on comments received. Overall, the changes are minor and moderator assumes the proposal is stable for presentation and agreement.

Proposal #3-1D
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of dynamic cell on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching



2.4 Spatial-domain based Energy Saving Techniques
· [1] Huawei/HiSilicon
· Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.
· [2] Nokia/NSB
· In case of any enhancements for antenna elements reduction per physical antenna array with specification impact, the performance justification is strongly preferred to be provided.
· Study the energy saving potentials to support dynamic port muting or TRX adjustment (for both FR1 and/FR2).
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.
· Dynamic antenna adaptation at low/middle system load should be considered.
· If dynamic antenna adaptation was supported, NZP CSI-RS ports muting pattern should be indicated to UE.
· 

· The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied.  
· Triggering of dynamic ON/OFF of multi-TRP should be considered.
· [5] vivo
· Study dynamic port/panel/antenna adaptation for network power saving, including
· Group-common L1 signaling to enable faster antenna/port/panel adaptation and lower signaling overhead
· CSI measurement/report enhancement to facilitate fast antenna/port/panel adaptation with good performance and less resource overhead
· [6] ZTE/Sanechips
· The following impacts need to be considered in spatial domain adaptation
· Number of antenna ports of reference signal/channel
· Measurement results, including CSI measurement
· Fast/efficient adaptation of antenna ports can be considered to minimize the impacts of NW energy saving technique in spatial domain.
· [8] China Telecom
· The CSI reporting enhancement should be studied for better deciding the TRX switch on-off.
· The network self-adapted switch-off the TRX according to the traffic load should be studied.
· The CSI-RS should be reconfigured when the TRX switch off is adopted.
· [9] Xiaomi
· Dynamic cell/carrier/beam on-off can be studied, and its negative influence on UE should also be studied and eliminated.
· Reducing unnecessary DL reference signal transmission can be studied for energy saving.
· [10] Samsung
· Study supporting a cell-specific/UG-specific signaling for cell switching on/off in the energy-saving.
· Study mechanism to dynamically switch off and switch on CSI ports for NW energy savings.
· Study dynamic beam adaption mechanism for NW energy savings.
· Study mechanism to dynamically switch off and switch on TRP for NW energy savings.
· [11] NEC
· dynamically antennas switching on/off should be considered for gNB energy saving, and the jointly design with frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity.
· SSB and CSI-RS updating mechanism should be studied to support dynamic antenna switching on/off, and techniques to reduce the delay of UE beam measurement and TCI state update after SSB updating should be studied.
· [12] OPPO
· Study the Pcell on/off procedure at network side for power consumption. 
· [13] CENC
· Impacts on CSI measurement/reporting and power control should be studied regarding the dynamic domain operation.
· Impacts on PDSCH repetition should be studied regarding the dynamic spatial domain operation.
· Impacts on PUSCH repetition and periodic SRS should be studied regarding the dynamic spatial domain operation.
· For dynamic spatial domain operation, it is reasonable to utilize high layer dynamic indication searching by group common DCI to declare the SSB related change.
· For dynamic spatial domain operation, impact of dynamic indicated SSB to RACH procedure and paging procedure should be considered.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in antenna/spatial domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· In general, the number of Tx/Rx chains can be adapted as per needed. In addition, active antenna elements/panels may also be changed.
· Applicable scenario 1, 2, 4
· When gNB operates beam sweeping, time domain adaptation can be combined with antenna domain adaptation so that beam sweeping patterns are adaptive to the traffic, UE distributions and coverage requirement. This can be achieved with or without adapting the number of Tx/Rx chains, antenna elements/panels.
· Applicable scenario 2, 4
· [16] Apple
· Spatial domain adaptation
· Dynamic on/off of Tx/Rx ports and/or panels
· Potential beam management enhancements, potential CSI enhancements, and signaling aspects
· Performance and UE impact needs to be carefully considered.
· [17] CMCC
· The measurement impacts due to TRX on/off can be studied in Rel-18, including CSI-RS measurement, PL RS measurement, beam failure recovery, radio link monitoring, cell selection, and CSI feedback.
· CSI-RS adaptation for network energy saving can be studied.
· SRS, PRACH, or SR can be considered as a starting point for wake-up signal design, SR or CSI reporting enhancement can be considered for assistance information feedback.
· [18] NTT Docomo
· NR already supports configurating different number of CSI-RS ports in different CSI reporting configuration. It is suggested to study how to dynamically activate and deactivate different CSI reporting configurations for antenna port adaptation. 
· [19] NTT Docomo
· Study group-based mobility mechanism to support flexible on/off of a cell with efficient offloading.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· It is beneficial to dynamically adjust the number of gNB’s activated antenna elements, in terms of network energy savings.
· Study how to efficiently support changing the number of gNB’s transmit antenna elements (e.g., by deactivating a NZP CSI-RS with 32 antenna ports while activating another NZP CSI-RS with 16 antenna ports, or turning off 16 antenna ports out of 32 antenna ports configured for the NZP CSI-RS).
· Discuss whether any enhancements for UL signal/channel (e.g., SRS) transmission are needed depending on the number of gNB’s receive antenna elements.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Adapting the active antenna components is supported for NES and study the impact on specifications.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of spatial components used
· spatial components can correspond to TRP(s) that belong to same or different cells, antenna panels for the TRP(s), antenna element sub-array of antenna panel(s) for the TRP(s), or any combination of thereof.
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques that allow fast CSI-RS reconfigurations without increasing UE measurement and processing complexity.
· Study and identify techniques for signaling reduction in CSI reporting framework.
· Study and identify techniques including UE slow- and fast-rate feedback for efficient port reconfigurations.
· [27] Qualcomm
· Study dynamic antenna port adaptation at gNB
· Enhance physical layer procedures to efficiently support dynamic antenna port adaptation e.g., CSI and/or transmit power signaling framework.
· Study TRP dormancy enhancements in mTRP e.g.,
· UE group specific TRP dormancy indication to make dynamic TRP dormancy more efficient.
· [28] Rakuten
· Study impacts of changing Massive MIMO antenna configurations on UE performance and investigate solutions to improve channel estimation.
· Investigate Energy savings through utilization of non-uniform and dynamic antenna array reconfigurations including the challenges such as channel estimation and UE service degradation.
· Investigate Energy savings through Antenna Power amplifier efficiency improvement by modifying antenna array configuration.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to spatial-domain based NW energy saving techniques.

Proposal #4-1
· Further study techniques and enhancements for adaptation of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling
· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off
· dynamic logical port muting
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· efficient port reconfigurations
· including any required slow and fast feedback from the UE

[CLOSED] 1st Round Discussion
Please comment on proposal #4-1, including any suggested edits (add bullets, remove bullets), or even suggestions for better alternative proposal.

	Company
	Comments

	Intel
	Overall the proposal looks fine. 
We have one comment on the following bullet. We think these aspects can be observed as part of evaluations where impact to UE is analyzed with respect to implementation of a given energy saving techniques. It is not clear whether any scheme or solution is envisioned here for gNB energy saving. If not, then this bullet can be removed.
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements


	LG Electronics
	For the second sub-bullet, we would like to add one more example, which is beam management since shutdown of several antennal ports/panels/TRPs may have an impact to beam management procedure. As the response to Intel, we believe TRxP on/off influences the following UE operations (for instance, if some parts of antenna ports for a NZP CSI-RS are turned off, UE may need to adjust measurement accordingly).

· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam management, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements

For the fifth sub-bullet, if SSB or CSI-RS for mobility can be affected by TRxP muting, we need to investigate the consequent impacts similar to the techniques for SSB in time domain. So, we suggest to add more consideration points for that sub-bullet.

· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off, and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE

For the last sub-bullet, it is not clear what “efficient port reconfigurations” implies. It would be appreciated if proponents can explain more details on “efficient port reconfigurations”.


	Spreadtrum
	Similar comment as that of Section 2.2.

	Xiaomi
	Generally fine with the Proposal. 
With some modification on the second bullet:
impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements

	IDCC
	We are fine with the proposal.

	Nokia/NSB
	We are fine with the proposal 4-1.

	Lenovo
	The yellow highlighted sub-bullet below may not have any spec impact but can be up to network implementation.  
· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off

	China Telecom
	We are fine with the proposal.

	DOCOMO 
	We suggest following update on the sub-bullet of dynamic logical port muting. As NR already supports configurating different number of CSI-RS ports in different CSI reporting configuration, activation and deactivation some of CSI report is an alternative way for CSI measurement and reporting subject to port adaptation.   
· dynamic logical port muting
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  

	Qualcomm
	Our suggestion and comment below
· Further study techniques and enhancements for adaptation of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Antenna element is not specified in the spec.
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling
· We can be more specific under each adaptation method as done below.
· dynamic TRxP muting adaptation (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off
· Identify specification impacts
· We can use “adaptation” instead of “muting” to be consistent with above discussion? We’re also not sure why “(or power adjustment);” is in this bullet. Furthermore, it will be useful to study spec impact.
· dynamic logical port muting adaptation
· Identify specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· efficient port reconfigurations
· including any required slow and fast feedback from the UE
· Does this also belong to dynamic logical port adaptation?

	Fujitsu
	We are fine with the proposal. 

	Fraunhofer IIS
	We support the proposal.

	MediaTek
	Open to discussion. However, we wonder if dynamic port signaling/reconfiguration is necessary. When a BS mutes some TxRU, the BS can ensure sufficient TxRU to prevent changing ports 

	CMCC
	We agree with most of moderator’s identification, but with some suggested edits as follows.
Regarding impact to UE operation, the dynamic adaptation of spatial elements may also impact to CSI feedback. For example, if gNB turns off part of TRX chains for network energy saving, such as 64 TRX chains mutes to 32 TRX chains, whether the 8-port CSI-RS transmitted through 64 TRX chains or through 32 TRX chains has impact on the CQI, RI, or PMI reporting can be studied.
Regarding UE feedback/assistance information, SR can be also considered for less information feedback.
Regarding signaling, broadcast signaling or MAC CE can be also considered.
· impact to UE operations, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc.
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.

	vivo
	For the study of signaling method for enabling dynamic spatial element adaptation, we are not sure why it is limited to leveraging existing configuration methods supported by NR. Maybe it can be removed.
And it seems there are some overlapping among some sub-bullets. For the 4th /5th /6th sub-bullets, the 4th sub-bullet may also include the potential method for dynamic TRxP muting and dynamic logical port muting, in 5th and 6th sub-bullets. Besides, the 3rd sub-bullet about UE feedback seems to be duplicated with the last sub-bullet about fast feedback from the UE. It would be good to clarify the differences or merge the common parts for these sub-bullets.


	ZTE, Sanechips
	Comments on proposal #4-1 are shown as below:
(1) For the fourth sub-bullet, it is no need to emphasize the existing configuration methods supported by NR, since there is no any additional information from this statement.
(2) The words “muting” in bullet 5 and bullet 6 are not appropriate. For the enhancement schemes of TPP and antenna port, not only the muting but also other solutions such as increase /adjusting should be considered. Therefore, it is recommended that “muting” be modified to “adaptation.”
(3) The last two bullets describe similar schemes, both of them are about antenna port adaptation. And efficient port reconfigurations is a method of port adaptation. Therefore, the last bullets should be incorporated.
Therefore, we recommend to modify proposal #4-1 as follows:
Suggested update
· Further study techniques and enhancements for adaptation of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling
· dynamic TRxP adaptation muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off
· dynamic logical port adaptation muting
· study details of signaling the port (e.g. NZP CSI-RS ports) adaptation muting(if required to be known by the UE)
· efficient port reconfigurations, including any required slow and fast feedback from the UE


	Samsung
	We are fine in principle.
We suggest some minor modifications to FL’s points:
· In the 1st sub-bullet, we propose the following amendment to explicitly address candidate options for NES:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), TxRU(s) (with sub-array/full-connection),  antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Following modification to the 2nd bullet:
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· In the 5th sub-bullet, we would like to point out that adaptation of spatial elements could adversely impact UE performance (including beam failure) and will have a direct bearing upon CSI-RS (re-)configuration and CSI port adaptation. We suggest the following edit:
· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs TRxP(s)
· study of SSB, PL-RS, TRS  and CSI-RS re-configuration   when specific TRxPs are switched off with dynamic adaptation of spatial elements
· In the 6th sub-bullet, we feel that dynamic adaptation of logical ports, considering not only muting but also power adjustment might provide better NES gains. Hence, we suggest the following addition:
· dynamic logical port muting (or power adjustment)
study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)

	CEWiT
	Overall the proposal looks fine.

	Huawei, HiSilicon
	Regarding the terminology of TRxP, it would be better to make it clear, e.g. TRX chains and TRPs. 

	New H3C 
	We are fine with overall proposal.

	NEC 
	We think the coverage issue should be considered. If some of the spatial elements are switched off, the gNB maximum output power may be reduced. Therefore, in order to keep the coverage, gNB may reduce the channel bandwidth and adjust the power configuration to achieve an acceptable power spectrum density level. So, we suggest to add a new bullet:
· Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss


	CATT
	We are OK with the structure of spatial domain energy saving.  The energy saving in spatial domain is the dynamic/semi-static ON/OFF of the TxRu or antenna unit (elements, panels).   The antenna port muting and efficient port reconfiguration are associated with TXRU spatial element muting.   
Our suggestion is as follows,

· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling
· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off
· dynamic logical port muting association with TRxP muting
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· efficient port reconfigurations
· including any required slow and fast feedback from the UE



	apple
	We are generally fine with the proposal.
We wonder what TRxP means exactly.

	Ericsson1
	We suggest below update to the fourth bullet. 
· signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling


	OPPO
	In our view, the energy saving gain of turning off spatial elements comes from the reduced transmit power, because the Pas corresponding to the turned-off spatial elements are also turned off. We want to know if our understanding is correct. If it is correct, we think it is better to discuss the adaptation of spatial elements and transmit power jointly.

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 1st Round Discussion>
Based on comments received, moderator has updated Proposal 4-1 in #4-1a. While moderator tried to accommodate most companies’ comments, some comments are in conflict with each other and therefore some suggested edits were not applied.

Proposal #4-1A
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), antenna sub-array(s) TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Note: antenna element is not specified in the specification
b) impact to UE operations, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements
c) UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP muting adaptation (or power adjustment);
· identification of specification impacts
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration when specific TRxPs are switched off, and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port muting adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  
g) efficient port reconfigurations
· including any required slow and fast feedback from the UE
h) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss


[CLOSED] 2nd Round Discussion
Further discuss based on Proposal #4-1a.

Proposal #4-1A (cleaned up)
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Note: antenna element is not specified in the specification
b) impact to UE operations, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements
c) UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· identification of specification impacts
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  
· including any required slow and fast feedback from the UE
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss


	Company
	Comments

	LG Electronics
	We have a comment for “identification of specification impacts”. Typically, we need to seek for specification impact when studying all of proposed techniques. So, it would be better not to capture the phrase in several specific points but just to remove it, as follows.

h) dynamic TRxP adaptation;
· identification of specification impacts
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
i) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  
· including any required slow and fast feedback from the UE


	OPPO
	OK.

	Spreadtrum
	We do not know the exact meaning of TRxP.

	ZTE,Sanechips
	
(1)We also agree that “identification of specification impacts” can be removed
(2) suggest to update “muting” as “adaptation”
(3) It is not easy to classify feedback as “slow ” or “fast” , we suggest to remove these terms.
j) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting adaptation (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  
· including any required slow and fast feedback from the UE


	Nokia/NSB
	We are fine with the updated proposal.

	Lenovo
	Fine with the proposal.

	Intel
	We are fine with the updated proposal.


	CATT
	We are OK with the updated proposal.

	China Telecom 
	We are fine with the updated proposal.

	Xiaomi
	OK with the proposal and LG’s updates.

	Qualcomm
	We are fine with the proposal. 
To address Spreadtrum’s comment on TRxP, we can update “dynamic TRxP adaptation” to “dynamic TRP adaptation in multi-TRP”, and update TRxP in the sub-bullet to TRP.

	DOCOMO 
	We are fine with the updated proposals. 

	MediaTek
	We are supportive to this proposal. Please find suggestion and comment in line.
Proposal #4-1A (MediaTek)
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
k) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Note: antenna element is not specified in the specification [This note is true for most of RAN1 specs, but some description for BS antenna elements can still be found in 3GPP TS 38.104. We suggest removing it.]
l) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements [move the last part forward for better readability.]
m) UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
n) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
o) dynamic TRxP adaptation; [since spatial elements include TRP, this sub-bullet has been captured in l)]
· identification of specification impacts [this sub-bullet has been captured in l)]
· study of triggering on/off conditions for TRxP(s) [trigger condition could be up to gNB as your note. It is a bit early to study now]
· note this may not have specification impact and could potentially be up to network implementation.  [agree but we can leave it in the FL summary]
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE [this sub-bullet has been captured in l)]
p) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts [since spatial elements include logical antenna port(s), this sub-bullet has been captured in l)]
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE) [since CSI measurement and reporting configurations are associated to each other, we may need to only focus on how to dynamic adapting CSI reporting configuration. We could just keep the following sub-bullet]
· study activation/deactivation dynamic adapting of CSI report configuration for port adaptation. FFS: whether NR has supported dynamic adapting via AP/SP-CSI reporting. [We suggest using adapting rather than activation or deactivation, because adapting could mean (de)activation, suspend, reconfiguration, or deleting configuration. We also wonder whether NR can support this feature already.]
· including any required slow and fast feedback from the UE and potential UE assistance information [we guest this means UCI reporting (fast) and UE assistance information (slow). We suggest using wording from SID]
q) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss


	CMCC
	We are OK with the updated proposal.

	Huawei, HiSilicon
	1.  the bullet c) can be added with the “dynamic spatial element adaptation” before the “UE feedback”;
2. It does not make sense to list spec impact study for each detailed technique.
3. We doubt whether c) and f) should be merged, considering they don’t have too much difference.

Therefore, some change is made accordingly except the comments on bullet f): 

Proposal #4-1A (cleaned up)
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Note: antenna element is not specified in the specification
b) impact to UE operations, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements
c) dynamic spatial element adaptation and UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· identification of specification impacts
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· study activation/deactivation of CSI report configuration for port adaptation  
· including any required slow and fast feedback from the UE
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss

	IDCC
	We are fine with the proposal.

	vivo
	We are fine with the modification from LG and ZTE

	Apple
	OK

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 2nd Round Discussion>
Just few notes from the moderator. The proposal now includes the following sub-bullets from Proposal #6-1A as commented by few companies.
a) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types

Moderator has update proposal in #4-1B based on comments received. Some notable comments on the changes.
· Please note that the definition of TRxP is provided in TR38.802 as Transmission Reception Point. See section 3 acronyms of TR38.802.
· For bullet (e) below, the text was updated by cumulation of multiple companies’ comments from round 1 and 2 discussion. Unless there is something critical, even if it may seem somewhat duplicate, moderator suggest keeping it for now. 
· Moderator would prefer to avoid “FFS” in the bullets or sub-bullets. The entire proposal is further study, which mean FFS. It doesn’t help if there are FFS under FFS points.
· For bullet (f) UE assistance information can be covered by (c), so moderator has remove it.

Proposal #4-1B
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· Note: antenna element is not specified in the specification
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc., from dynamic adaptation of spatial elements
c) UE feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· identification of specification impacts
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· identification of specification impacts
· study details of signaling the port (e.g. NZP CSI-RS ports) muting adaptation (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI report configuration for port adaptation  
· including any required slow and fast feedback/assistance information from the UE
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types



[CLOSED] 3rd Round Discussion
Further provide comments on Proposal #4-2b. 

Proposal #4-1B (cleaned up)
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types


	Company
	Comments

	LG Electronics
	Although bullets “e)” and “f)” seem to be covered by the bullet “b)”, we can accept the Proposal #4-1B.

	DOCOMO 
	We are fine with the proposal #4-1B.

	MediaTek
	We are supportive to this proposal. Thanks for addressing our concerns.
We wonder if we could remove grouping of similar traffic types, which does not relate to the spatial domain.

	CMCC
	We are fine with the proposal.

	IDCC
	We are fine with the proposal.

	Panasonic
	We are okay.

	Nokia/NSB
	We are fine with the updated proposal.

	Intel
	Proposal looks OK to us

	ZTE, Sanechips
	For the listed sub-bullet, i.e.,  grouping  UE in spatial domain can be achieved by implementation. For the second sub-bullet, i.e., grouping of similar traffic types ,we think it is not relevant to spatial domain solution. We think other solutions are not precluded.
i) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain
· [grouping of similar traffic types]


	China Telecom
	We are fine with the proposal.

	CATT
	We are OK of most bullets except new bullet (h).  We need understand the meaning of  “reduce transmission and reception footprint at the gNB” since UE location and spatial domain correlation are random and vary in time.  It is not clear about the bullet.

	Samsung
	We are fine with the proposal.

	Moderator
	Intermediate update.
Proposal #4-1C below is tentative and draft in progress. Moderator will further update the proposal based on further comments and feedback in 3rd round.
@CATT: As for bullet (h) this is from Qualcomm’s comment and contribution in R1- R1-2205046.

	vivo
	We are generally fine with the proposal.
For f), suggest to include CSI measurement in the 2nd sub-bullet, as both CSI measurement resource and report configurations may be impacted.
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  


	Fujitsu
	We are fine with the proposal #4-1C. 

	OPPO
	We are fine with Proposal #4-1C.

	LG Electronic
	We are fine with Proposal #4-1C.

	Qualcomm
	The proposal looks good

	NEC
	We are fine with the proposal.

	Apple
	We are fine with P#4-1C

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.





<Summary of 3rd Round Discussion>
Moderator has incorporated the comments in Proposal #4-1C. From moderator’s reading of the comments, the proposal seems to have entered a relatively stable stage. 

Proposal #4-1C
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain
· grouping of similar traffic types



[CLOSED] 4th Round Discussion
Further provide comments on Proposal #4-1C. Given that companies had ample time to comment in the previous rounds. Moderator would like to ask to refrain from comments unless it is critical and try to focus on constructive feedback to make the proposal better for all companies.

Proposal #4-1C (cleaned up)
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain


	Company
	Comments

	-
	-




<Summary of 4th Round Discussion>
No comments were received. Proposal #4-1C is stable for email approval or agreement in GTW.


[DISCUSSION CLOSED]



2.5 Power-domain based Energy Saving Techniques
· [1] Huawei/HiSilicon
· Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.
· [2] Nokia/NSB
· Study potential methods to enable dynamic transmission power reduction for schemes also jointly with other domain techniques.
· [6] ZTE/Sanechips
· More dynamic DL power allocation and information reported by UE can be considered for NW ES in power domain.
· [10] Samsung
· Study supporting joint adaptation of gNB transmission bandwidth and power spectral density.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in power domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· Based on the traffic, UE loads and required coverage, the maximum number of assigned PRBs and maximum PSD may be reduced. This contributes to reduce the maximum transmission power of gNB and it may save the RF amplifier energy consumption. The adjustment of the required coverage needs some coordination with other carriers and/or neighbour cells in order to avoid the situation of “out of the coverage” for UEs.
· Applicable scenario 1, 2, 4
· [18] NTT Docomo
· There are three options of dynamic power adaptation of DL transmission. RAN1 should study which is the best for network energy saving by jointly consider specification impact, effectiveness of power saving and performance of cell discovery. 
· [21] LG Electronics
· Investigate impacts of power adaptation for SSB and/or NZP CSI-RS if transmit power for SSB and/or NZP CSI-RS can be dynamically changed.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Dynamically adapting the DL transmission power at gNB utilizing assistance information from the UE is supported.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of transmission power
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques which can enable gNB dynamic power adaptation.
· [27] Qualcomm
· Study dynamic transmit power adaptation for downlink signals and channels.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to power-domain based NW energy saving techniques.

Proposal #5-1
· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· supporting joint adaptation of bandwidth and PSD

[CLOSED] 1st Round Discussion
Please comment on proposal #5-1, including any suggested edits (add bullets, remove bullets), or even suggestions for better alternative proposal.

	Company
	Comments

	Intel
	The proposal looks fine

	LG Electronics
	We would like to clarify if Proposal #5-1 is applicable only to PDSCH or also to SSB or CSI-RS.

	Spreadtrum
	Fine since it is concise.

	Xiaomi
	OK with the Proposal

	IDCC
	We are fine with the proposal.

	Nokia/NSB
	We are fine with Proposal 5-1, but we prefer to reformulate the second bullet point as follows: 
“further studying potential UE feedback/assistance information …”.

	China Telecom
	Fine with the proposal.

	DOCOMO 
	Same comments as LG. It is better to list up possible alternatives of PSD adjustment for further study. We suggest following update. 

· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power with following alternatives for further study
· Alt.1 dynamic power adjustment of SSB, CSI-RS and PDSCH.
· Alt.2 dynamic power adjustment of CSI-RS and PDSCH
· Alt.3 dynamic power adjustment of only PDSCH
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· supporting joint adaptation of bandwidth and PSD


	Qualcomm
	Our suggestion and comment below
· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency
· supporting joint adaptation of bandwidth and PSD
· Identify specification impacts
· supporting joint adaptation of bandwidth and PSD
· This should belong to the above main bullet.

	Fujitsu
	We are fine with the proposal.

	Panasonic
	On the second bullet, we suggest to change the wording to “joint and separate adaptation of bandwidth and PSD”. This includes both cases of just PSD adaptation and maximum PA output power adaptation.

	Fraunhofer IIS
	In general, the proposal is fine. We would like to add the following to the first sub-bullet:
· dynamic adjustment of transmission power
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· further including geographical area/user density to adjust the transmission power



	MediaTek
	We have the following comments for Proposal #5-1.
1) supporting joint adaptation of bandwidth and PSD could be captured in the frequency domain techniques. 
Proposal #5-1-MTK
· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· supporting joint adaptation of bandwidth and PSD
· adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· tone reservation techniques (to improve PAPR and power efficiency); 

	CMCC
	Support

	vivo
	For the second bullet, it is not clear what is the meaning. And it is duplicated with proposal #3-1


	ZTE, Sanechips
	Since several companies show the interest on dynamic DL power allocation, it is suggested to add it in the bullets. Moreover, the dynamic power control mechanism can be considered for both data/RS transmission. So we are generally fine with the proposal and some modifications are suggested as following:
Suggested update
· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· for example, dynamic DL power control for specific channel / reference signal, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· supporting joint adaptation of bandwidth and PSD
Additionally, for the gNB power saving, improvement for PAPR and PA efficiency also can be considered in power domain. The sub-bullets in proposal #6-1, can be considered as power domain solutions.

	Samsung
	Fine with the proposal.

	CEWiT
	Overall the proposal looks fine.

	Huawei, HiSilicon
	We share the same view as LG. If #5-1 is relevant to SSB/CSI-RS also, then it needs to consider the corresponding impact cause by the Tx power adaptation, e.g., for RRM, BM, etc. 

	New H3C 
	We are fine with overall proposal.

	NEC
	We are fine with this proposal.

	CATT
	We are OK with the proposal to study but don’t see much energy saving gain since the PA power consumption should be similar with different Tx power.  

	Apple
	Fine with the proposal

	Ericsson1
	We propose to add as example dynamic power adjustment of CSI-RS, PDSCH, etc. 


	OPPO
	We are fine with the proposal.

	KDDI
	Fine with the proposal

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 1st Round Discussion>
Based on comments received, moderator has updated Proposal 5-1 in #5-1a. While moderator tried to accommodate most companies’ comments, some comments are in conflict with each other and therefore some suggested edits were not applied.

Proposal #5-1A
· Further study techniques and enhancements for adaptation of transmission power of signals/channels by the gNB, including (but not limited to) the following aspects:
b) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. Ffor example, dynamic DL power control for specific channel / reference signal, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information further including any required UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency
· further including geographical area/user density to adjust the transmission power
· supporting joint adaptation of bandwidth and PSD
· identification of specification impacts
c) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
d) tone reservation techniques (to improve PAPR and power efficiency);
e) supporting joint adaptation of bandwidth and PSD




[CLOSED] 2nd Round Discussion
Further discuss based on Proposal #5-1a.
Proposal #5-1A (cleaned up)
· Further study techniques and enhancements for adaptation of transmission power of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency
· further including geographical area/user density to adjust the transmission power
· supporting joint adaptation of bandwidth and PSD
· identification of specification impacts
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
c) tone reservation techniques (to improve PAPR and power efficiency);


	Company
	Comments

	LG Electronics
	In our view, at least CSI-RS can be added as an example in the first sub-bullet of a), rather than SSB for which more investigation can be required.
For the last bullet c), we think it should be removed due to overlapping with the scope of other item (i.e., Rel-18 coverage enhancement).

	OPPO
	It is not clear what it means by PA efficiency improvement. It sounds like a non-RAN1 aspect. Not sure if RAN4 involvement is needed for this. 

	Spreadtrum
	Some aspects are related to RAN4 topic, e.g. EVM.

	ZTE, Sanechips
	(1) We are okay to include CSI-RS as one of the example;
(2) ”supporting joint adaptation of bandwidth and PSD” is overlapped with the solution in frequency domain, we prefer to keep it in power domain.

	Nokia/NSB
	In our opinion, “further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency” does not fit under a) dynamic adjustment of transmission power.
We wonder whether it should be moved under b)  adaptation of gNB transceiver algorithms.

	Samsung
	PA efficiency would belong to RAN4 expertise. It would be better to identify and list up RAN4 related issue throughout all proposals. 
b) and c) are more like implementation oriented. Like other proposals, we would like to add a sub-bullet, e.g., “identification of specification impacts”

	Intel
	In general looks fine. Supporting joint adaptation of BW and PSD seems already covered in the proposal for adaptation in frequency domain

	CATT
	We also don’t see the relevance of PA efficiency in network energy saving study.  PA efficiency is an implementation choice and the algorithm for improve PA efficiency, such as digital pre-distortion, is proprietary implementation solution.   

	China Telecom
	We think the PA efficiency should be belong to RAN4’s work. 

	Xiaomi
	The fifth sub-bullet in a) “joint adaptation of bandwidth and PSD” seems already be capture in frequency domain discussion Proposal 3-1-A. suggest to just keep this sub-bullet in only one Proposal.

	Qualcomm
	· “supporting joint adaptation of bandwidth and PSD” is listed in both Proposal #3-1A and this proposal. We should keep one only.
· @LG Electronics & Samsung: c) is for gNB transmission while R18 coverage scope is for UE transmission. In addition, spec change is needed to make it beneficial.
· PA efficiency relevance to dynamic adjustment of transmission power:
· Changing the transmission power changes the PA efficiency and therefore the power consumption. PA efficiency techniques improve power consumption under adjustment of transmission power.
· Changing the transmission power affects the signal quality due to PA nonlinearity (the reason for low power efficiency). PA efficiency techniques allow to operate at power efficient operating point while maintaining signal quality.
· PA efficiency techniques that rely on signaling between the UE and the gNB (e.g., transmission of RS and UE feedback for non-linearity measurements) should be handled by RAN1 in our opinion.
Other than that, we are fine with the proposal.

	DOCOMO
	It is better to clarify whether there is any RAN1 impact of following firstly. 
· “PA efficiency improvements” of a), b) and c) 

	LG Electronics2
	@ Qualcomm,
We have several comments.
First of all, for tone reservation, we now understand the difference from Rel-18 coverage enhancement item (one is for UE and the other is for gNB). However, even for gNB’s case, RAN4 should be involved as in Rel-18 CovEnh WI. Moreover, gNB may handle reserved tone by UE-transparent manner (e.g., by using ZP-CSI-RS rate matching pattern or not scheduling some RBs that include reserved tones).

Regarding PA issue, as other companies also pointed out, RAN1 impact is not clear and RAN4 work is additionally required. For example, in gNB’s pre-distortion compensation case, what kind of UE’s feedback is necessary in your view? Furthermore, in UE’s post-distortion compensation case, RAN4/RAN5 should make corresponding performance requirement or test cases. If PA-related issues are to be included into the scope of this study, at least those aspects should be clarified and captured in the proposal.

	MediaTek
	We are supportive to this proposal. Some suggestion and comment are in line.
Proposal #5-1A (MediaTek)
· Further study techniques and enhancements for adaptation of transmission power of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency [This cannot fit this category not only because EVM is out of RAN1 scope, but also the PA efficiency relates to BS types, BW, SCS, and modulation types in different domains.]
· further including geographical area/user density to adjust the transmission power [it is up to gNB implementation if gNB has UE locations]
· supporting joint adaptation of bandwidth and PSD [it has been captured in the frequency domain and the above example as adjustment of maximum PSD assigned to PRBs of PDSCH]
· identification of specification impacts [this is what we are doing now I think]
b) study how to improve PA efficiency to maintain transmission quality (e.g., EVM) when operating at higher efficiency [make a new sub-bullet]
c) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
d) tone reservation techniques (to improve PAPR and power efficiency) FFS: whether it can be up to gNB implementation. [we wonder whether it could be up to gNB implementation, e.g., gNB may use rate matching or PDSCH configuration to reserve some REs]


	CMCC
	We are OK with the updated proposal.

	Huawei, HiSilicon
	Agree with other companies that PA efficiency seems more implementation enhancement. Especially, for b), we don’t think we should specify different gNB algorithm. 
For bullet b) and c), they all belong to PA efficiency enhancement, which seems not need to be repeated considering bullet a) already captures PA efficiency enhancement.  Also, the two bullets are already listed in Proposal #6-1A, whch can be discussed there.

	IDCC
	We are fine with the proposal.

	vivo
	For a), it is not clear what is the issue to be addressed and what is the improvement by “joint adaptation of transmission bandwidth and power spectral density”. The motivation and issue to study need to be further clarified. 
We think PA efficiency enhancement at BS side (e.g. ET and DPD) can be achieved by BS implementation without spec impact. On the other hand, techniques aided by UE would increase in the complexity of UE implementation, UE power consumption. The impact for UE should be considered for the study of PA efficiency.

	Qualcomm1
	@LGE 
W.r.t comment on tone reservation: using currently available rate matching patterns, might not allow flexible enough selection of the reserved tomes, therefore limiting the performance gain of this technique
W.r.t comment on PA issues: in our view, the UE feedback is related to the determination of the DPD parameters on the gNB side, assisting calibration of the DPD functionality.

	Apple
	We would also appreciate some clarity on PA efficiency related enhancements regarding (1) split between RAN1/RAN4; (2) some initial views on the RAN1 impact of the enhancements that the proponents have in mind 

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 2nd Round Discussion>

Moderator has update proposal in #5-1B based on comments received. Some notable comments on the changes.
· Moderator suggest keeping (c) tone reservation aspects here for now. While similar feature could be under investigation by another SI/WI, it not clear to the moderator whether final technical feature will consider the same aspects and in the end draw same conclusions. Since the main bullet literally states further study (i.e. FFS), have the bullet doesn’t seem to cause too big of an issue.
· For “PA efficiency improvements” some examples are described and clarified in R1-2205046. Please also refer to comments from Qualcomm from 2nd round discussions.
· For the removal of sub-bullets suggested by Mediatek, other than duplicate entries also noted by other companies and removal of specification impact, which was also comments in other sections, moderator kept the sub-bullets. Moderator is not sure PA efficient improvement themselves can be major sub-bullet since the details of how PA efficiency can be improved is only relevant when transmission power is adapted, and from moderator’s understanding this is the aspect that RAN1 investigates. Its just that as part of the study for power adaptation some aspects regard PA efficiency improvements are also considered as well. 
· For the PA efficiency aspects, while some aspect could be the under the domain of RAN4 to study, since the entire proposal is under “Further study” (i.e. FFS), moderator suggest to keep them for now, unless there are serious problems. The related proposal was submitted by a contribution and therefore from moderator’s opinion has sufficient merit for capturing into this laundry list. Hopefully companies will bring further information so that RAN1 can fully understand the work scope and what areas should be studied under RAN4. For now, moderator suggest not scrutinizing items here and try to be constructive.
· Similarly commented in other section, moderator suggest not capturing FFS in any of the sub-bullets. The main bullet literally starts with “Further study” which is FFS by meaning. It makes very little value to have FFS under a FFS.

Proposal #5-1B
· Further study techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency
· further including geographical area/user density to adjust the transmission power
· supporting joint adaptation of bandwidth and PSD
· identification of specification impacts
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
c) tone reservation techniques (to improve PAPR and power efficiency);



[CLOSED] 3rd Round Discussion
Further provide comments on Proposal #5-1b. 

Moderator suggest companies try to be constructive and open minded about the study. The main bullet literally starts with word “further study” and should be recognized as basically FFS.

Proposal #5-1B (cleaned up)
· Further study techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency
· further including geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
c) tone reservation techniques (to improve PAPR and power efficiency);


	Company
	Comments

	LG Electronics
	If PA-related or tone reservation techniques are to be captured in this proposal, we have further comments for more clarity.

· For PA efficiency improvement, as several companies also pointed out, it would be better to explicitly note that it may require collaboration with RAN4, as follows.

· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement

· For techniques that UE aids, we think legacy HARQ-ACK feedback can be utilized to improve gNB’s transceiver algorithm. In that sense, we can update the corresponding parts, as follows.

b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy HARQ-ACK feedback mechanism;

· For tone reservation techniques, we would like to clarify that similar technique for UE is already within the scope of other WI.

c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579


	DOCOMO
	The necessity of RAN1 change for sub-bullets b), c) and PA efficiency improvements of a) is still not clear according to the 2nd round discussion. 
If sub-bullets b), c) and PA efficiency improvements of a) will be included in the proposal, we suggest the following update on the main bullet.  
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:

	MediaTek
	We support this proposal. Thanks for addressing our concerns.

	CMCC
	We are fine with the proposal.

	IDCC
	We are fine with the proposal.

	Panasonic
	We are okay.

	Nokia/NSB
	We agree with Docomo that the RAN1 relevance of the topics related to PA efficiency improvements is not entirely clear to us. We support their proposed update to make the proposal RAN1 focused.
We also had a question for clarification regarding b): is the power efficiency improvements mentioned in this point mainly targeting PA power efficiency or are some other factors considered as well?

	Intel
	Proposal looks fine to us

	ZTE, Sanechips
	We are generally okay with the proposal. 

	China Telecom 
	Fine with the proposal

	CATT
	We don’t agree with bullet (b) power efficiency related to energy saving techniques.   If gNB could have algorithm in providing power efficiency, it will the gNB implementation and will use it all the time.   

	Samsung
	We share the views from LGE/Docomo/Nokia. As LGE suggested, it would be better to add “potentially with RAN4 involvement” and to add a note pointing out relevant WI for tone reservation.

	Moderator
	Intermediate update.
Proposal #5-1C below is tentative and draft in progress. Moderator will further update the proposal based on further comments and feedback in 3rd round.
@CATT: for bullet (b) moderator has captured this based on contributions R1-2204812 and R1-2205046 from this meeting. Given that this is all under “Further study” (i.e. FFS), moderator suggestion is to keep the bullet for now and ask the proponent companies to provide further information/justification. While you might not agree with some bullets here, the exercise shouldn’t be removing bullets that companies may or may not agree with. The exercise is to provide a good list of issues based on contributions provided to this meeting for study/FFS.

	vivo
	We are generally fine with the update proposal.
We share the similar view as DCM that the necessity for RAN1 to study PA efficiency improvement and techniques for improving power efficiency in sub-bullets b) and c)  be studied and clarified first. 
Besides, for b), we suggest to add a sub-bullet for considering the impact for UE. As we commented earlier, techniques aided by UE would increase in the complexity of UE implementation, UE power consumption. The impact for UE should be considered for the study of PA efficiency.
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered


	Fujitsu
	We are fine with the proposal #5-1C. 

	OPPO
	We propose some minor changes on Proposal #5-1C, as we think other legacy feedback mechanisms (e.g., SR, CSI) or enhanced feedback mechanisms should also not be excluded at this stage:
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced HARQ-ACK feedback mechanism;


	LG Electronics
	We are fine with Proposal #5-1C, and also OK with modifications suggested from vivo and OPPO.

	Qualcomm
	The proposal looks fine to us


	Apple
	We are fine with P#5-1C

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.





<Summary of 3rd Round Discussion>
Moderator has incorporated the comments in Proposal #5-1C. From moderator’s reading of the comments, the proposal seems to have entered a relatively stable stage. 

On the related comments on need/justification for the potential techniques under (a) and (b), hopefully the addition of “necessity of RAN1 change” in the main bullet can address the concerns.

Proposal #5-1C
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· further including geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced HARQ-ACK feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579



[CLOSED] 4th Round Discussion
Further provide comments on Proposal #5-1C. Given that companies had ample time to comment in the previous rounds. Moderator would like to ask to refrain from comments unless it is critical and try to focus on constructive feedback to make the proposal better for all companies.

Proposal #5-1C (cleaned up)
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· further including geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579


	Company
	Comments

	MediaTek
	It is a bit misleading when sub-bullets have “including” and “further including”, which leads readers believing these sub-bullets are relevant. However, the sub-bullets under (a) shall be independent items under the main bullet. We suggest the following change.
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support adjustment of transmission power
· further including studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· further including studying geographical area/user density to adjust the transmission power


	Moderator
	Made an intermediate update. Moderator will continue to update as further comments are received. Please note Proposal #5-1D is drafting in progress and content may change in the future.

	Nokia/NSB
	We would like to propose some small modifications in order to clarify the proposal:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to support enable adjustment of transmission power


	Moderator
	Updated based on Nokia’s comment.




<Summary of 4th Round Discussion>
Moderator has made updates based on comments received. Overall, the changes are minor and moderator assumes the proposal is stable for presentation and agreement.


Proposal #5-1D
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· further studying potential UE feedback/assistance information to enablesupport adjustment of transmission power
· further including studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· further including studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579




2.6 Other Energy Saving Aspects/Techniques
· [5] vivo
· Study cell activation by UE wake up signal, at least including design on UE WUS signal, configuration, procedure and etc.
· Implementation based scheme should be baseline for evaluation of UE-assisted scheme for PA efficiency  enhancement at BS side. Besides, UE complexity, power consumption and spec impact should also be carefully assessed.
· [6] ZTE/Sanechips
· An uplink wake-up mechanism (WUS) can be considered for network energy saving.
· The UE assistance information can be considered for network energy saving.
· [7] Fruanhofer
· UE Assistance information helping network energy saving should be studied and identified.
· [10] Samsung
· Study gNB wake up signaling to trigger network energy saving states transition.
· Study UE assistance information for SSB request during network energy saving state.
· Study UE assistance information for indicating semi-static UL channel transmissions during network energy saving state.
· [11] NEC
· Support UE assistance information including UE traffic type, service priority, delay tolerance, data rate and data volume/packet size.
· [12] OPPO
· Study the common channel/signal offload procedure for power consumption.
· Study UE reporting assistance information for power consumption.
· [15] Futurewei
· Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported.
· [19] Lenovo
· Study efficient L1/L2 based mobility mechanisms to support flexible on/off of a network node within a cell.
· [21] Mediatek
· Consider involving UE cooperation, e.g., BS wake-up request from UE in Rel-18.
· Consider whether to enable UE to feedback on a preferred SSB configuration in Rel-18 to minimize the impact on UE.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· adaption of signal process flow/algorithms
· For adaptation of signal process flow/algorithm that have associated impact to RF characteristics and/or performance, the associated RF characteristics and/or performance should be studied together.
· Further study on UE assistance information/feedback or measurements at the gNB that improves operations of network power saving technique(s) or that are required by network power saving technique(s).
· [25] Interdigital
· Consider techniques to allow discovery and measurement of cells in deep sleep or dormant states.
· [27] Qualcomm
· Both network and/or UE assisted mechanisms to be considered.
· Study the over the air training digital pre distortions method (OTA DPD) for DPD at the gNB’s transmission chain.
· Study DpoD (Digital post distortion) for increasing efficiency at the gNB’s transmitter.
· for increasing the SINR gain of the gNB (alternatively increasing the efficiency in bits/Joule), study Tone Reservation technique that allows reduction of PAPR of the DL.
· RAN 1 to investigate the option of UE grouping – mainly in spatial domain – and of broadcasting as a means to reduce the number of DL transmissions. The studied mechanisms should consider the type of traffic – namely traffic latency requirements – for which such grouping and broadcasting mechanisms can be supported and they should aim in extending the Rel. 17 group-common DCI framework to more cases.
· [28] Rakuten
· Study and investigate Network energy savings by utilizing UE like DTX and low power wake up signal to Turn on dormant cell, such study should in FR2 frequencies.
· Study and investigate how UE assistance information can be utilized to activate, deactivate, or modify energy savings methods.


Summary of Discussions
The following issues were discussed.
· UE assistance information to aid the gNB to perform energy saving techniques
· For example, assistance information may include SSB request, preferred SSB indication, indication of semi-static UL channel transmissions during specific gNB energy saving states, UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)
· Cell activation by the UE
· For example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
· gNB idle mode energy saving state
· supporting alternative light (density) SSB transmission
· flexible configuration of SSB, SIB1, PRACH, paging
· Adaptation of gNB transceiver algorithms and processes to improve power efficiency
· Including techniques aided by UE
· For example, adaptation of digital pre-distortion (DPD),  use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· Tone reservation techniques (to improve PAPR and power efficiency)
· UE grouping
· Grouping in spatial domain
· Grouping of similar traffic types
· Technique to allow discovery and measurement of cells in deep sleep or dormant states

The following proposals are an attempt to capture the various other aspects of energy saving techniques or techniques that might not be fully captured by time/frequency/spatial/power domain categorization.

Proposal #6-1
· Further study following techniques and enhancements to perform energy saving techniques at gNB:
a) cell activation (from sleep or dormant state) triggered by the UE;
· for example, using WUS transmitted by the UE
b) procedures to allow offloading of common channel/signal to other carriers;
c) enhancements to L1/L2 based mobility to efficiently enable cell on/off operation;
d) adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
e) tone reservation techniques (to improve PAPR and power efficiency);
f) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types
g) technique to allow discovery and measurement of cells in deep sleep or dormant states;

Proposal #6-2
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are:
· SSB request,
· preferred SSB indication,
· indication of semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)

[CLOSED] 1st Round Discussion
Please comment on proposals #6-1- and 6-2, including any suggested edits (add bullets, remove bullets), or even suggestions for better alternative proposal.

	Company
	Comments

	Intel
	We think for Proposal 6 -1, the first bullet on cell activation triggered by UE and last bullet on discovery/measurement of cells are not needed. The topic is already captured in Proposal 2-1 and 3-1. Also, as mentioned in response to previous proposals, we suggest to not capture “deep sleep” or “dormant state” in the proposal, since their definitions are not clear/agreed yet. A general description is preferred.
We think Proposal 6-2 can be modified as
Proposal #6-2
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
a) Some examples of UE assistance information are, but not limited to:
· SSB request,
· preferred SSB indication,
· indication of semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)

	LG Electronics
	Proposal #6-1: We have concerns for most of sub-bullets to be captured at this stage.
To be specific, the second and third bullets (common channel offloading and mobility enhancement) may require interaction with RAN2 and their feasibility needs to be first investigated in RAN2, in our view.
For the fourth sub-bullet, we wonder which UE’s assistance information is needed for gNB’s DPD or for UE’s post-distortion compensation. Before its necessity is justified, we cannot accept to include that sub-bullet in the proposal.
For the fifth sub-bullet, it seems to be overlapped with other WID (i.e., Rel-18 coverage enhancement).
For the sixth sub-bullet, it’s not clear what to specify in the result of that sub-bullet. In our view, it seems to be up to gNB’s implementation how to group UEs.

Proposal #6-2: Even though they are captured as examples, we would like to modify or clarify those implication.
· For SSB request, does it differ from on-demand SSB?
· For preferred SSB indication, UE may already have a mechanism to inform gNB its preferred SSB ID indication e.g. via SS-RSRP report. It should be clarified what is the difference between legacy mechanisms and proposed preferred SSB indication.
· For the third example, we can modify it in more generalized form, such as,

· indication of UE’s buffer status forsemi-static UL channel transmissions during specific gNB energy saving states, 


	Spreadtrum
	Fine

	IDCC
	We are fine with the proposal.

	Nokia/NSB
	In general, we would prefer to deprioritize this topic as compared to time, frequency, spatial and power-domain techniques since there are already a wide variety of solutions that needs to be further studied. We also agree with ZTE that cell activation triggered by UE is already covered under time domain techniques / proposal 2-1. However, our views on the proposals are as follows:
Proposal #6-1: In the first bullet, we tend to agree that it is too early to capture sleep states at this stage and would prefer to keep the bullet generic.
Proposal #6-2: We are fine with this proposal.

	Lenovo
	For proposal #6-1, we suggest the following modification to correctly capture our proposal:
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation within a cell
For proposal #6-2, isn’t “preferred SSB indication” equivalent to UE SSBRI reporting in Rel-15 NR?

	China Telecom
	For the proposal #6-1:
We think that the first/second/third/last sub-bullet has already included in proposal #2-1 and #3-1.
For the proposal #6-2: we are fine with the proposal. What’s more, we think that all the techniques related to the UE assistance information mention in the former sections can be all moved here and discussed together.

	DOCOMO
	We would prefer to deprioritize this topic since there are already many potential techniques to be further studied. However, if it is preferable to agree the proposals, we have the following comments:
· Proposal #6-1
· It is too early to capture sleep states at the moment
· Some bullets may require RAN2 involvements. RAN2’s feasibility should be considered if they are discussed.
· Proposal #6-2
· Agree with Intel’s revision.  

	Fujitsu
	Proposal #6-1. We have a similar comment as other companies that some sub-bullets are already captured in previous proposals: the first, third and last sub-bullets are captured by proposal 2-1; the second sub-bullet is captured by proposal 3-1. 
As for other sub-bullets such as DPD and tone reservation, we think justification is needed firstly.
Proposal #6-2. We are fine with the proposal.

	Fraunhofer IIS
	We are fine with the proposal 6-1. Also, we support the modification made by Intel on the proposal 6-2.

	MediaTek
	WE have the following comments for Proposal #6-1
1) cell activation could be captured in the time domain
2) offloading of common channel/signal to other carriers could be captured in the frequency and the time domain
3) enhancements to L1/L2 based mobility shall be discussed in the mobility enhancement WI.
4) adaptation of gNB transceiver algorithms and processes to improve power efficiency shall move to the power domain.
5) tone reservation techniques (to improve PAPR and power efficiency) shall move to the power domain techniques
6) grouping of UEs to reduce transmission and reception footprint at the gNB is up to BS implementation.
7) technique to allow discovery and measurement of cells in deep sleep or dormant states could move to the time domain.
We suggest removing Proposal 6-1 by merging it into the other Proposals.

	CMCC
	For proposal #6-1, gNB energy saving in RRC idle mode can also be studied.
a) Techniques for gNB energy saving in RRC idle mode.
For proposal #6-2, the assistance information has been listed, however, how to report or feedback the information, such as the signaling design or channel for UE assistance information transmission, can also be studied.
b) Signaling or channel for UE assistance information transmission:
· SR, CSI reporting, MAC CE, etc.

	vivo
	For proposal #6-1, the first bullet should be included in the discussion in section 2.2. Please see the comment for proposal #2-1

	ZTE/Sanechips
	Proposal #6-1
The sub-bullets in proposal #6-1 are duplicated with the solutions in #2-1~#5-1. These sub-bullets in proposal #6-1 should be included in the time domain, space domain or power domain, separate proposal is not needed. For example, the first three bullets have the same intention as reducing/adapting transmission/reception of common signals or dynamic cell ON/OFF in the time domain schemes, which should be within the scope of the time domain scheme. The fourth and the fifth bullets should be included in the power domain schemes and the last two bullets can be added to the spatial domain schemes.
Proposal #6-2
We are generally OK with the proposal, but it is more appropriate for RAN2 to discuss the specific UE assistance information. We do not need to do the duplicated work as RAN2. If there is any need of UE assistance information, we think it can be considered with the techniques in other domains, not dedicated discussion.
Therefore, we recommend modifying proposal 6-2 as follows:
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
a) The specific contents of the UE assistance information are discussed by RAN2
b) Some examples of UE assistance information are:
· SSB request,
· preferred SSB indication,
· indication of semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)


	Samsung
	The following looks implementation specific. We request the proponent’s elaboration from the standardization perspective.
c) adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation.


	CEWiT
	Overall the proposal looks fine. We have following comments for the proposals.
For Proposal #6-1, we think that the fifth sub-bullet of summary of discussion that is “gNB idle mode energy saving state supporting alternative light (density) SSB transmission, flexible configuration of SSB, SIB1, PRACH, paging” is not properly captured in the proposals. Hence we suggest to update the second sub-bullet of proposal 6-1 as follows.

· “Enhancements for common channel/signals
· for e.g., light versions of common signals/channels, flexible configurations of common signals/channel, offloading of common channel/signal“

For Proposal #6-2, Location can be one of UE assistance information for complying with 3rd sub bullet of proposals 6-1.

	Huawei, HiSilicon
	Generally fine with the proposal. Maybe some LS is needed to RAN2 and RAN3 if we identify any solutions that may need RAN2/RAN3 involvement, which includes but not limited to: UE assistance information, information exchanged through Xn interface.

	New H3C 
	We are fine with overall proposal.

	NEC
	We are fine with the proposals. 

	CATT
	We don’t see the need to have this proposal.  We believe these proposals could be categorized in time/frequency/spatial/power domain energy saving techniques and have been captured in those categories.

	Apple
	Generally speaking we should avoid one technique being captured in multiple categories.

	Ericsson1
	We propose to add make below updates for P6-2.
· Some examples of UE assistance information are:
a) SSB request,
b) preferred SSB indication,
c) indication of semi-static UL channel transmissions during specific gNB energy saving states, 
d) UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality  and packet size(s)
e) coverage, mobility status, location.


	OPPO
	As we discussed above, we think some of the bullets can be captured in Proposal #2-1.

	KDDI
	We are fine with the proposal

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 1st Round Discussion>
Based on comments received, moderator has updated Proposal #6-1 and #6-2 in #6-1a and #6-2a. While moderator tried to accommodate most companies’ comments, some comments are in conflict with each other and therefore some suggested edits were not applied.

Below are some notes from the moderator on the changes:

· On the comment for justification for specific proposals. This is the first meeting for SI and the proposal is just intent for study. Therefore, moderator is not sure what kind of justification would satisfy all companies in order to be listed for study. Moderator suggests listing the potential solutions for now. The interested companies will bring further information, and we can discuss further whether such techniques should be considered in WI or not later.
· (b) was removed as it was commented this belong in RAN2 domain
· € was kept even though it was comments that it belongs in RAN2 domain, since L1 aspects of mobility seems to still a RAN1 domain.
· (d) was kept here as while transmit adaptation can be considered as power domain, moderator is not sure if the receiver aspects can be categorized as power domain. 
· € was kept here. Whether there are some duplicate items in other domains for solutions doesn’t seem to be that important. Moderator suggest not focus on duplication or overlap with other domains for power savings.
· For request to add “Techniques for gNB energy saving in RRC idle mode.”, it would be better if CMCC can maybe further articulate the proposal. Energy saving in idle mode seem to be quite a broad description.
· For the examples, from moderator understanding some discussion on assistance information is needed to further discuss exact power saving proposals as some proposals require UE assistance information. Instead, moderator has captured the text from ZTE as an note.

Moderator would like to make a general comment. From moderator understanding the agreement to the proposals for any domain does not mandate that these features to be directly captured to the TR, nor creates a binding agreement to force all companies to provide information for every single solution. Therefore, suggest companies to be bit more receptive and ask companies to focus on helping to improve clarity. If there are some solutions list that you don’t think should be considered, the proposal will still not force the company to investigate further on them. This is just the first meeting and proposals are intended to push companies to start providing further details of the proposals and nudge RAN1 slightly towards completion of the SI.

Proposal #6-1A
· Further study following techniques and enhancements to perform energy saving techniques at gNB:
a) cell activation (from sleep or dormant state) triggered by the UE;
· for example, using WUS transmitted by the UE
b) procedures to allow offloading of common channel/signal to other carriers; enhancements for common channel/signals
· for e.g., light versions of common signals/channels, flexible configurations of common signals/channel, offloading of common channel/signal
c) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation;
d) adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
e) tone reservation techniques (to improve PAPR and power efficiency);
f) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types
g) technique to allow discovery and measurement of cells in deep sleep or dormant states;

Proposal #6-2A
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are, but not limited to:
· SSB request,
· SR, CSI reporting, MAC CE, etc,
· preferred SSB indication,
· indication of UE’s buffer status for semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)
· coverage, mobility status, location
· Note: The specific contents of the UE assistance information are expected to be discussed by RAN2


[CLOSED] 2nd Round Discussion
Further discuss based on Proposal #6-1a and #6-2a.

Proposal #6-1A (cleaned up)
· Further study following techniques and enhancements to perform energy saving techniques at gNB:
a) enhancements for common channel/signals
· for e.g., light versions of common signals/channels, flexible configurations of common signals/channel, offloading of common channel/signal
b) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation;
c) adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
d) tone reservation techniques (to improve PAPR and power efficiency);
e) grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types

Proposal #6-2A (cleaned up)
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are, but not limited to:
· SSB request,
· SR, CSI reporting, MAC CE, etc,
· preferred SSB indication,
· indication of UE’s buffer status for UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)
· coverage, mobility status, location
· Note: The specific contents of the UE assistance information are expected to be discussed by RAN2


	Company
	Comments

	LG Electronics
	We could understand the Moderator’s comment (having open mind ) in the summary section. Nevertheless, we fail to see the benefit of having Proposal #6-1A since most of them are overlapped with other proposal. It would be helpful if the Moderator could clarify which part is distinguished from other proposals above.

For Proposal #6-2A, still we have concerns about SSB request and preferred SSB indication. In the first round, we asked the following questions but couldn’t hear any response from proponents. We would like to understand what those imply before agreeing it.
· For SSB request, does it differ from on-demand SSB?
· For preferred SSB indication, UE may already have a mechanism to inform gNB its preferred SSB ID indication e.g. via SS-RSRP report. It should be clarified what is the difference between legacy mechanisms and proposed preferred SSB indication.


	OPPO
	The sub-bullet b) in  6-1A is overlapped with the sub-bullet c) in proposal 2-1A.
The sub-bullet c)d)e) in 6-1A is overlapped with the sub-bullet b)c) in proposal 5-1A.
We are fine with Proposal 6-1A-a)
We are fine with proposal 6-2A.

	Spreadtrum
	We share the similar view as LG that some points in the above two proposals have overlapping with the proposals in the previous sections.

	ZTE, Sanechips
	Even these bullets in proposal 6-1A haven been re-organized, we still think they are replicated with the solutions in other domains. We share the same view with LG that proposal 6-1A is not needed.
For the proposal 6-2A, we think the first two bullets are similar with the solutions in time domain.

	Nokia/NSB
	Proposal #6-1A:
Aspect a) seems overlapping with time-domain (proposal #2-1A) and can be merged there.
Aspect c) and d) are repetitions from power-domain (proposal #5-1A) and can be removed from here. 

Proposal #6-2A: we wonder whether UE assistance information can be included for study as part of each domain, and thus can be added/merged with the domain-specific proposals above.

	Samsung
	For Proposal #6-2A, we request to keep the previous version of “indication of semi-static UL channel transmissions during specific gNB energy saving states,”, the intention is that UE first transmit an assistance information to indicate the information of semi-static UL channel transmissions, with this information, gNB can reduce the number of blind detections and therefore saving energy.
As shown in the figure below, instead of blind decoding all the candidate CG PUSCHs, the gNB only need to detect the UE assistance information which can be a sequence and shared by a group of UEs.
[image: ]
For dynamic channel, UE follows DCI, such indication seems not necessary.

	Lenovo
	Proposal #6-1A: Regarding b), the intention is not to turn off a cell completely but turn off some of network nodes of a cell (e.g. repeater, one remote TRP from multiple TRPs). The current version implies turning on/off a cell, so should be revised as follows: 
b) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation within a cell;

	Intel
	Proposal looks fine. Overlapped proposals can be merged if needed.

	CATT
	We are OK with the list of potential techniques and look forward to see the evaluation results of network energy saving gain from proponents.  

	China Telecom
	We are fine with the proposal since the motivation of FL is to keep open-mind and ignore the overlaps and duplications. And we are also fine if the overlapped proposals are merged.

	Xiaomi
	We are generally fine with Proposal #6-1A.
For Proposal #6-2A, we have a question for “indication of UE’s buffer status for semi-static UL channel transmissions during specific gNB energy saving states”. From our understanding, in existing spec, UE can already send BSR to gNB to indacte UE’s buffer state. So what additional enhancement is intended here?
Another question is for the last sub-sub-bullet of the first sub-bullet “coverage, mobility status, location”. What exactly does it mean by “coverage” here as UE assistance information? For example,  UE report the RSRP to gNB?

	Qualcomm
	Support for both proposals.

	DOCOMO
	For Proposal#6-1A, most of the contents are overlapped with previous proposals in section 2.2-2.5. Furthermore, the RAN1 impact of “adaptation of gNB transceiver algorithms and processes” and “tone reservation techniques” should be clarified. 

	LG Electronics2
	@ Samsung, Xiaomi,

Regarding the bullet “indication of UE’s buffer status for semi-static UL channel transmissions during specific gNB energy saving states”, our intension here is to cover Samsung’s proposal as well as to make the proposal generalized.
Different from the legacy buffer status, this buffer status reports that UE has no data to send, which can be applicable to CG-PUSCH (as suggested by Samsung) and also to DG-PUSCH (where gNB doesn’t need to transmit UL grant to that UE any longer).
Hope this clarifies.


	MediaTek
	We are supportive to Proposal#6-2A. Some suggestion and comment are inline.
Proposal #6-2A (MediaTek)
· Further study techniques and enhancements on feedback from UE or potential UE assistance information [the term of UE assistance information is well defined in 38.331, which is via RRC. Thus, it is better to capture L1 signaling as the one in the SID] to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are, but not limited to:
· SSB request,
· SR, CSI reporting, MAC CE, etc, [this is not UE assistance information but signaling manners]
· preferred SSB indication,
· indication of UE’s buffer status for semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)
· coverage, mobility status, location [UE may not report coverage information]
· Note: The specific contents of the UE assistance information are expected to be discussed by RAN2 [We agree RAN2 will have discussion. However, the SID does not preclude that UE assistance information cannot be discussed in RAN1]
For Proposal #6-1A, we think some sub-bullets have been captured. Please consider merging or revising them. Suggestion and comment are in line.
Proposal #6-1A (MediaTek)
· Further study following techniques and enhancements to perform energy saving techniques at gNB:
a) enhancements for common channel/signals [it has been captured in the time and frequency domain]
b) for e.g., light versions of common signals/channels [this is the same as support of periodic and on-demand reference signal(s) to aid discovery of a cell in the time domain], flexible configurations of common signals/channel [has captured in the time domain by using the word adapting], offloading of common channel/signal [has captured in the frequency domain]
b) enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) cell on/off operation; [has captured in the spatial domain by saying dynamic adaptation of spatial elements]
c) adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation [has been captured in the power domain]
d) tone reservation techniques (to improve PAPR and power efficiency); [has been captured in the power domain]
e) grouping of UEs to reduce transmission and reception footprint at the gNB; [we don’t see any restriction in specs now. gNB can group UEs if it has roughly UE location or UE traffic types]
· grouping of users in spatial domain [up to gNB implementation]
· grouping of similar traffic types [up to gNB implementation]

	CMCC
	We are generally fine with the proposal.

	Vivo
	We are fine with proposal 6-2A.
For proposal 6-1A, it seems the potential enhancements are included in the previous proposals. So this proposal is not needed.

	Apple
	For P6-1A, we share the same views as many other companies on the duplication of other categories.
On P6-2A, we wonder if each type of UE assistance info comes together with one of the techniques we mentioned earlier, so that it can be proposed under each technique instead of being separately discussed (which could be out of context).

	Moderator
	Do not add comments here, please provide them in active discussion round sub-section.




<Summary of 2nd Round Discussion>
This is moderator’s summary of comments received and suggestions for way forward.
For Proposal 6-1A, as suggested moderator tried to move them to other domains or delete them if they seem duplicate. Please check the updated proposals in Section 2.2 and 2.4.
· For (a) moved to time domain techniques
· For (b) moved to time domain techniques
· For € duplicate in power domain techniques, therefore deleted here
· For (d) duplicate in power domain techniques, therefore deleted here 
· For € moved to spatial domain techniques

For proposal #6-1A, the issue regarding uplink channel transmissions commented by Samsung and LGE, moderator suggests keeping both as separate bullets. 
As for Mediatek’s comments on adding “feedback from the UE or …”, moderator assumes assistance information is a broader term that includes feedback from the UE. So updated to just “assistance information from the UE” so that we can avoid “UE assistance information”.

The main issue for moving some of the assistance information listed for Proposal 6-2B to other energy saving domains is not, it was not clear from reading of the contributions whether the assistance information is only providing information for one specific domain. If it could belong to multiple domains, then we may need to copy & paste to each one of them, which is possible. It’s just that moderator is unsure which ones. For now moderator suggests to keep this somewhat separate. The proposal is simply encouraging companies to study, moderator assumes it should be ok.

Proposal #6-2B
· Further study techniques and enhancements on UE assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are, but not limited to:
· SSB request,
· SR, CSI reporting, MAC CE, etc,
· preferred SSB indication,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· Note: The specific contents of the UE assistance information are expected to be discussed by RAN2


[CLOSED] 3rd Round Discussion
Further provide comments on Proposal #6-2b. 
Moderator suggest companies try to be constructive and open minded about the study. From moderator’s understanding the proposal is simply asking companies to study these things and is a simple laundry list of techniques that companies can review until the next meeting to start providing more meaningful and in-depth description of techniques and solutions.

Proposal #6-2B (cleaned up)
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· SSB request,
· SR, CSI reporting, MAC CE, etc,
· preferred SSB indication,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.


	Company
	Comments

	LG Electronics
	Generally, we are OK with the direction that the moderator leads. However, repeatedly, it would be highly appreciated if proponents of “SSB request” and “preferred SSB indication” could clarify the following points before agreeing this proposal.
· For SSB request, does it differ from on-demand SSB?
· For preferred SSB indication, UE may already have a mechanism to inform gNB its preferred SSB ID indication e.g. via SS-RSRP report. It should be clarified what is the difference between legacy mechanisms and proposed preferred SSB indication.


	DOCOMO 
	We are fine with the proposal. 

	MediaTek
	We support this proposal. Some suggestion and comment are inline.
· SR, CSI reporting, MAC CE, etc, [this is not assistance information]
· coverage, UE mobility status, UE location. [coverage is unclear to us]

	CMCC
	We are fine with the proposal.

	IDCC
	We are fine with the proposal.

	Panasonic
	We are okay.

	Nokia/NSB
	We are fine with this proposal. We are also supportive of the suggestion from MediaTek, since it limits the proposal to what clearly seem to be potential UE assistance information.

	Intel
	We are fine with the proposal.

	ZTE, Sanechips
	We also think the following bullet is not relevant to UE assistance information
· SR, CSI reporting, MAC CE, etc

	China Telecom
	We are fine with the proposal.

	CATT
	We are OK with the proposal.

	Samsung
	Support in principle
We tend to agree with MTK, SR, CSI reporting, MAC CE are not UE assistance information, although we understand the intention is to reuse similar mechanism. We should first focus on the related UE behavior when transmitting the assistance information instead of signaling design.
We also prefer to keep ‘coverage’ at the moment.

	Moderator
	Intermediate update.
Proposal #6-2C below is tentative and draft in progress. Moderator will further update the proposal based on further comments and feedback in 3rd round.

@Samsung, “SSB request” came from your contribution. Can you provide comments to LGE?
@Mediatek, “preferred SSB” came from your contribution. Can you provide comments to LGE?
@LGE, SSB request is from R1-2203920, please take a look. “preferred SSB” is from R1-2204687, please take a look.
@CMCC, addition of “SR, CSI reporting, MAC CE, etc.” was requested by you. However, three companies would like to remove this. Any comments?
@Mediatek: Samsung prefers to include “coverage”. In terms of clarity one could argue even mobility status is bit vague. Let’s keep it as is. The whole bullet is an example of an FFS.

	vivo
	We are generally fine with the proposal.
In addition, we think the conditions for triggering the assistance information from the UE also need to be studied. So, adding sub-bullet for study on the condition is suggested.
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· …
· Conditions for triggering the assistance information from the UE


	Fujitsu
	We are general fine with the updated proposal. We also think the bullet of “SR, CSI reporting, MAC CE, etc” can be removed since they rather can be seen as signaling instead of UE assistance information. 

	OPPO
	We are fine with the updated proposal.

	Samsung2
	For SSB request, it is the same as on-demand SSB, we realize it has been covered under Proposal 2-1, if companies think it is duplicated, we are fine to remove it here.

	LG Electronics
	Thanks Moderator for reacting to our questions and thanks Samsung for answering our question.
Based on Samsung’s comment, we think “SSB request” bullet can be removed.
We share the view from other companies that “SR, CSI reporting, MAC CE” bullet is not related to example of assistance information, but related to the container of assistance information.
Regarding our second question for “preferred SSB”, it would be appreciated if MediaTek could clarify it since we couldn’t understand its implication throughout the Tdoc provided by the Moderator.

	CMCC
	@ Moderator: Thanks for your great effort, we are fine to delete “SR, CSI reporting, MAC CE, etc,”.

	NEC
	We are fine with the proposal.

	Apple
	We also support deleting “[SR, CSI reporting, MAC CE, etc,]”, which is not really UE assistance information.
We still think the UE assistance information should be associated with a specific technique and discussed within that context. For example, as pointed out, SSB request is covered by the previous proposal already. Similarly, we have a bullet “UE assistant information facilitating BS time domain adaptation” under P#2-1C, and we feel the sub-bullets here, maybe except for the last sub-bullet, seem to all fit into that category. The last sub-bullet should fit under frequency-domain based energy saving techniques if we understand correctly.
We feel it is important to reduce the duplication given the large number of proposals that we need to consider.

	moderator
	Do not add comments here, please provide them in active discussion round sub-section.





<Summary of 3rd Round Discussion>
Moderator has incorporated the comments in Proposal #6-2C. From moderator’s reading of the comments, the proposal seems to have entered a relatively stable stage. 

Based on numerous comments for removal of the [SR, CSI report, MAC CE, etc], moderator suggest to removing this. The entire sub-bullets are “some examples … (not limited to)” anyway. There really should not be huge concerns for removal.

Proposal #6-2C
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· SSB request,
· [SR, CSI reporting, MAC CE, etc,]
· preferred SSB indication,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· Conditions for triggering the assistance information from the UE



[CLOSED] 4th Round Discussion
Further provide comments on Proposal #6-2C. Given that companies had ample time to comment in the previous rounds. Moderator would like to ask to refrain from comments unless it is critical and try to focus on constructive feedback to make the proposal better for all companies.

Proposal #6-2C (cleaned up)
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB indication,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE

	Company
	Comments

	MediaTek
	We are okay with Proposal #6-2C. It would be clearer if we can replace preferred SSB indication by preferred SSB configurations.
@LGE: Thanks for the question. Our original proposal is given below. 
Proposal 6 Consider whether to enable UE to feedback on a preferred SSB configuration in Rel-18 to minimize the impact on UE. 
We propose that UE may feedback a preferred SSB configuration if the current settings cannot ensure its QoS requirement, which may include the preferred SSB periodicity, offset, or duration.
@ Moderator: We are ok to include coverage. For clarity, we also agree mobility status is unclear. A better term could mobility state, or mobility history information, which can be found in 38.331. But it is okay keep them as an example now.

	LG Electronics
	@ MediaTek,
Thanks a lot for the response.
Now we can understand MediaTek’s proposal. With that clarification, we agree that it would be clearer if “preferred SSB indication” can be changed to “preferred SSB configurations”.


	Moderator
	Made an intermediate update. Moderator will continue to update as further comments are received. Please note Proposal #6-2D is drafting in progress and content may change in the future.

	Nokia/NSB
	We are fine with this proposal.




<Summary of 4th Round Discussion>
Moderator has made updates based on comments received. Overall, the changes are minor and moderator assumes the proposal is stable for presentation and agreement.

Proposal #6-2D
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB indication configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE


2.7 Issues Not Covered by Other Sections
[CLOSED] 1st Round Discussion
For issues or proposal that companies would like to try to get agreement that is not covered by other sections in this document, please feel free to provide comments and suggestions here. Moderator will periodically check comments in this section and create proposals for discussion based on submitted comments.

	Company
	Comments

	-
	-




<Summary of 1st Round Discussion>
No comments were received. Moderator assumes there are no outstanding proposal that needs to be addressed other than what is covered by discussions in other sections of this document.


[DISCUSSION CLOSED]



3. Summary of Proposed Agreements/Conclusions by Moderator
Proposal #2-1D
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.


Proposal #3-1D
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of dynamic cell on/off for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Proposal #4-1C
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain

Proposal #5-1D
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information to enable adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Proposal #6-2D
· Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE


4. Summary of Agreements/Conclusions from RAN1 #109-e
To be filled once agreements and conclusion are made available at the end of the meeting.
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