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1 Introduction
A WI on enhancements of network energy saving for NR was endorsed in [1]. One objective is to specify adaptation of common signal/channel transmissions as following.
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


This contribution discusses how to support adaptation of common signal/channel transmissions. 
2 High-level considerations for adaptation of common signal/channel transmissions
In Rel-18, in order to save the energy consumption for the network, cell DTX/DRX operation is introduced for some UE-specific signals/channels to provide the possibility that the network can have longer time in the sleep mode, and in the meantime, UEs can avoid transmitting/receiving these UE-specific signals/channels to save UE’s power consumption. However, the cell DTX/DRX configuration/indication can only be provided for Rel-18 NES UEs and legacy UEs’ performance could be degraded if the network goes to the sleep mode without notifying them. To avoid the negative impact on legacy UEs due to cell DTX/DRX operation, cellBarred indication in MIB can be used to prevent legacy UEs to camp on a NES cell. For legacy UEs in RRC connected mode, the network can handover the UEs to non-NES cells and ensure only Rel-18 NES UEs are served by the NES cell. Similar approaches can be used in Rel-19 if the network would like to only have Rel-19 NES UEs on a NES cell. This mechanism can be beneficial for network energy saving for medium traffic load for the HetNet scenario. However, this mechanism may not provide NES gain if the traffic load is light. For example, in the deep night, a single cell can be used to serve all the UEs within an area, because using separate cells to serve NES UEs and legacy UEs may result in more energy consumption. Based on the above discussion, both the following two cases should be considered for Rel-19 network energy saving to support the adaptation of common signal/channel transmissions.    
Case 1: a serving cell serves only Rel-19 NES UEs.
Case 2: a serving cell serves both legacy and Rel-19 NES UEs.
For Case 2, how to minimize the adaptation impact on legacy UEs should be further studied.
Proposal 1: For the adaptation of common signal/channel transmissions, candidate solutions for the following two cases should be considered:
· Case 1: a serving cell serves only Rel-19 NES UEs.
· Case 2: a serving cell serves both legacy and Rel-19 NES UEs.
· FFS: How to minimize the impact on legacy UEs.
In the previous discussion on the adaptation of common signal/channel transmission during Rel-18 SI phase, it was pointed out by companies that adaptation of common signal/channel transmission would have larger impact on UEs in RRC idle/inactive compared with UEs in RRC connected mode.  For simplicity, UEs in RRC connected mode can be considered as baseline. Besides, for a typical case where there are UEs in both RRC connected mode and RRC idle/inactive mode on a same serving cell, if the adaptation of common signal/channel transmissions is supported for UEs in RRC idle/inactive mode, there is no reason not to support the feature for UEs in RRC connected mode.
Proposal 2: For the adaptation of common signal/channel transmissions, the baseline is a UE in RRC connected mode.
· FFS: UE in RRC idle/inactive mode
SSB, PRACH and Paging are transmitted or received on the PCell, and in addition, SSB and PRACH can be transmitted or received on SCell as well. For the adaptation of SSB, PRACH and Paging on PCell for a UE in RRC connected mode, there is no essential difference between single serving cell case and multiple serving cell case. The adaptation mechanisms of SSB on PCell can also be used for SCell with no/minimum enhancements. Supporting both single serving cell case and multiple serving cells case can be beneficial for energy saving and thus is preferred.
Proposal 3: For the adaptation of common signal/channel transmissions, both single serving cell case and multiple serving cells case are supported for UE in RRC connected mode.
To achieve network energy saving gain, one effective way is to enlarge the period where gNB does not transmit or receive any signal/channel so that gNB can stay long in deep sleep mode, however, this would result in increased latency. How to balance the increased latency and network energy saving gain should be well studied on specifying the adaptation of common signal/channel transmissions. One principle should be that the latency requirement of traffic should be always ensured, otherwise, the enhancement for the network energy saving would become meaningless. 
Proposal 4: For the adaptation of common signal/channel transmissions, candidate solutions should ensure that the latency requirement of traffic is satisfied. 
3 Adaptation of common signal/channel transmissions in time domain
Adaptation of common signal/channel transmissions in time domain was discussed during the SI phase and Technique A-1 Adapting transmission/reception of common channels/signals was captured in TR 38.864 [2]. This section further discusses how to support the adaptation of SSB/PRACH/Paging in time domain.
Cell DTX/DRX operation introduced in Rel-18 NES is for the adaptation of UE-specific signals/channels in time domain for a UE in RRC connected mode. Both semi-static adaptation and dynamic adaptation are supported for cell DTX/DRX operation targeting different scenarios. Semi-static adaptation is more reliable and is suitable for traffic with a fixed or semi-fixed periodicity and/or packet size. Semi-static adaptation usually has less specification impact compared with dynamic adaptation and can be considered as the baseline. On the other hand, dynamic adaptation is more suitable for random arriving traffic and can provide more network energy gain in this case. For the adaptation of common signal/channel transmissions, dynamic adaptation can be used at least for UEs in RRC connected mode aiming for achieving more network energy gain as well as minimizing increased latency.
Proposal 5: For the adaptation of common signal/channel transmissions in time domain, both semi-static adaptation and dynamic adaptation should be supported.
Rel-18 cell DTX/DRX operation is a unified solution for all the UE-specific channels/signals that support adaptation in time domain. It greatly simplifies the specification work as well as reducing implementation complexity compared with channel/signal specific solutions. For the adaptation of common signal/channel transmissions, a unified solution, if motivated and possible, is also preferred to minimize specification impact. A simple way to support the adaptation of common signal/channel transmissions is to extend cell DTX/DRX operation for the common channels/signals. Other unified solutions can also be considered, for example, adaptation of periodicity.
Proposal 6: For the adaptation of common signal/channel transmissions in time domain, strive to support a unified solution, at least for the adaption of SSB and PRACH transmissions.
· Support extending cell DTX operation for SSB transmissions and extending cell DRX operation for PRACH transmissions.
· FFS: whether to apply the same adaptation method for Paging transmissions.
· FFS: other solutions
For the case where a serving cell serves both legacy UEs and Rel-19 NES UEs, how to avoid the impact on legacy UEs needs to be addressed. One simple candidate solution could be that the adaptation of common signal/channel transmissions only applies to Rel-19 NES UEs and the common signals/channels received/transmitted by legacy UEs are not impacted. For example, an additional set of occasions for transmitting/receiving the adapted common signals/channels can be configured for the Rel-19 NES UEs and the adaptation of common signal/channel transmissions only applies to the signals/channels configured by the additional set.
Proposal 7: For the adaptation of common signal/channel transmissions in time domain, an additional set of common signals/channels can be configured for the Rel-19 NES UEs, adaptation apply applies to the additional set of common signals/channels.
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Adaptation of SSB transmissions in time domain
The following agreements are made in RAN1#116 meeting regarding the adaptation mechanisms for SSB transmissions in time domain [3].
	Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded


Adaptation of SSB burst periodicity is proposed by quite a few companies as an adaptation mechanism for SSB transmissions in time domain. The basic idea is the SSB burst periodicity can change for different periods where the supported periodicities for SSB transmission are {ms5, ms10, ms20, ms40, ms80, ms160}. A simplest way is switching between two periodicities where one periodicity is smaller than the other. For example, as shown in Figure 1 an example is given for switching between the periodicity of 5ms and 20ms.
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Figure 1
The SSB burst transmission pattern achieved by adaptation of SSB burst periodicity can also be achieved by enhanced cell DTX applicable to SSB bursts with a short periodicity. As shown in Figure 2, the SSB burst transmission pattern in Figure 1 is achieved by cell DTX operation assuming the SSB bursts overlapping with non-active period of cell DTX are not transmitted by the network.
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Figure 2
In addition, cell DTX can provide a more flexible configurations compared with SSB burst periodicity adaptation and the specification impact of extending cell DTX operation to SSB transmissions is minimum. On the other hand, to support SSB burst periodicity adaptation, quite a few details need to be specified, for example, how to configure the two periodicities, the restriction on the switching point, and etc. More importantly, extending cell DTX operation to SSB transmissions can help align with the adaption of UE specific channels/signals and can be beneficial for network energy saving.
Observation 1: Extending cell DTX operation to SSB transmissions provides more flexibilities and network energy saving gains as well as requires less specification impact compared with SSB burst periodicity adaptation.
For the mechanisms of adaptation within a SSB burst (e.g., the 4th bullet in the above agreement) or dynamic skipping/transmitting SSB burst (e.g., the 3rd bullet in the above agreement), they need further justification and can be deprioritized at this stage. On the other hand, if it is justified, extending cell DTX operation to SSB transmissions can also achieve these two types of adaptation mechanism in some extend. Based on the above discussion, at least extending cell DTX operation to SSB transmissions should be supported for the adaptation SSB transmissions in time domain.
Proposal 8: Prioritize extending cell DTX operation to SSB transmissions over other mechanisms for the adaptation SSB transmissions in time domain.
The following agreement was made in RAN1#116 meeting regarding whether the SSB adaptation is triggered by the network or the UE.
	Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration.


It is straightforward to support adaptation mechanism indicated or configured by gNB with/without UE trigger for all the candidate mechanisms, and the controversial issue is whether the adaptation can be triggered by UE. In some situations, the NB are not always aware of UE’s channel conditions, for example, beam degrading, out of synchronization, etc. It is necessary to support UE triggering the SSB adaptation for these cases.
Proposal 9: For the adaptation mechanisms of SSB transmissions in time-domain, support adaptation mechanism indicated or configured by gNB with or without UE trigger.
Adaptation of PRACH transmissions in time domain
The following agreements were made in RAN1#116 meeting regarding the adaptation mechanisms for PRACH transmissions in time domain [3].
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded

Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)



Similar to the adaptation for SSB transmissions, for the adaptation for PRACH transmissions, extending cell DRX operation to PRACH transmissions provides more flexibilities and network energy saving gains as well as requires less specification impact compared with PRACH periodicity adaptation. Therefore, extending cell DRX operation to PRACH transmissions should be supported for the adaptation PRACH transmissions in time domain.
Observation 2: Extending cell DRX operation to PRACH transmissions provides more flexibilities and network energy saving gains as well as requires less specification impact compared with PRACH periodicity adaptation.
Proposal 10: Prioritize extending cell DRX operation to PRACH transmissions over other mechanisms for the adaptation PRACH transmissions in time domain.
Adaptation of Paging transmissions in time domain
The following agreement was made in RAN1#116 meeting regarding the adaptation of Paging transmissions in time domain [3].
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2


By observing most of the specification work was done in RAN2 for the Paging design in earlier releases, the adaptation of Paging transmissions in time domain should also be led by RAN2, and RAN1 can start the relevant work if RAN2 identifies any RAN1 specification impact.
Proposal 11: Deprioritize the adaptation of Paging transmissions in time domain until RAN2 identifies any RAN1 specification impact.
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4 Adaptation of PRACH transmissions in spatial domain
The legacy RACH design principle from Rel-15 intends for providing fairness among each covered area, because there is no clue or pre-assumption on how many UEs will be located in each covered area. Meantime, the intention of the adaptation of PRACH transmission in spatial domain is to design the unequal amount of PRACH resource for each SSBs. This can be motivated by the fact that the gNB may detect the load from some particular directions are lower than some others, so that these corresponding SSB could be associated with less RACH resources than the others. Although it is not so accurate to estimate the amount of RACH transmissions, with the improvement on the load analysis or other technology (e.g., sensing), it is beneficial for the gNB to have such flexibility to adapt the RACH resources associated with each SSB. By this way, the gNB can reduce the number of attempts for blind detection on the areas where the number of UEs is estimated to be low, so that the network energy consumed could be reduced accordingly.
Observation 3: It could be beneficial to allow the gNB adapting the PRACH resource for each SSB. 
Generally, there are two ways for spatial adaptations:  
· The first way is that the PRACH resource is adapted by “self-motivation”. In above analysis, the gNB might determine the RACH requests from some directions (i.e., associated SSBs) are not as many as that from other directions, so it may need to change the RO/preamble resources per SSB. It is noted that this adaption is only for PRACH resource itself, without impacting on or from other signals/channels like SSB. An illustration of the first way is shown in Figure 3. 
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Figure 3 Illustration of PRACH adaption in spatial domain by itself
· The second way is that the PRACH resource is adapted due to the adjustment of the SSB(s). The adaption of the SSB may cause some changes to the RO available for some SSBs. For example, if the SSB periodicity, and/or the indicated actually transmitted SSB indexes are different from legacy, even with the same mapping rules of the current SSB-RO association, the eventually derived RO number could be different for different SSBs. An illustration of the second way is shown in Figure 4.
[image: ]
Figure 4 Illustration of PRACH adaption in spatial domain by adapted SSB
The challenge for this spatial adaptation is that it should not bring any impact to the legacy UEs, e.g., during the initial access procedure, legacy UEs that are not configured with the related information on the unequal RACH resource for each SSB should not be affected by the spatial adaptation. To achieve such goal, the “new” RACH resources that are not used for the legacy UE can be configured for some SSBs to achieve the spatial adaptation. The methods to get the “new” RACH resource like configuring the separate RACH resources (by separate configuration index or separate mask index on top of legacy configuration index) or repurposing the unused RACH resources by legacy UEs (such as ROs associated to no SSBs or the SSBs indicated to be not actually transmitted) can be considered. Then, these SSBs can be mapped to the “new” RACH resource for spatial adaptation purposes which eventually associates with more ROs than other SSBs. 
Proposal 12: The adaptation of PRACH in spatial domain can be supported.  
5 Conclusion
The contribution discusses adaptation of common signal/channel transmissions and the proposals and observations are summarized below.
Proposal 1: For the adaptation of common signal/channel transmissions, candidate solutions for the following two cases should be considered:
· Case 1: a serving cell serves only Rel-19 NES UEs.
· Case 2: a serving cell serves both legacy and Rel-19 NES UEs.
· FFS: How to minimize the impact on legacy UEs.
Proposal 2: For the adaptation of common signal/channel transmissions, the baseline is a UE in RRC connected mode.
· FFS: UE in RRC idle/inactive mode
Proposal 3: For the adaptation of common signal/channel transmissions, both single serving cell case and multiple serving cells case are supported for UE in RRC connected mode.
Proposal 4: For the adaptation of common signal/channel transmissions, candidate solutions should ensure that the latency requirement of traffic is satisfied. 
Proposal 5: For the adaptation of common signal/channel transmissions in time domain, both semi-static adaptation and dynamic adaptation should be supported.
Proposal 6: For the adaptation of common signal/channel transmissions in time domain, strive to support a unified solution, at least for the adaption of SSB and PRACH transmissions.
· Support extending cell DTX operation for SSB transmissions and extending cell DRX operation for PRACH transmissions.
· FFS: whether to apply the same adaptation method for Paging transmissions.
· FFS: other solutions
Proposal 7: For the adaptation of common signal/channel transmissions in time domain, an additional set of common signals/channels can be configured for the Rel-19 NES UEs, adaptation apply applies to the additional set of common signals/channels.
Proposal 8: Prioritize extending cell DTX operation to SSB transmissions over other mechanisms for the adaptation SSB transmissions in time domain.

Proposal 9: For the adaptation mechanisms of SSB transmissions in time-domain, support adaptation mechanism indicated or configured by gNB with or without UE trigger.
Proposal 10: Prioritize extending cell DRX operation to PRACH transmissions over other mechanisms for the adaptation PRACH transmissions in time domain.
Proposal 11: Deprioritize the adaptation of Paging transmissions in time domain until RAN2 identifies any RAN1 specification impact.
Proposal 12: The adaptation of PRACH in spatial domain can be supported.  
Observation 1: Extending cell DTX operation to SSB transmissions provides more flexibilities and network energy saving gains as well as requires less specification impact compared with SSB burst periodicity adaptation.
Observation 2: Extending cell DRX operation to PRACH transmissions provides more flexibilities and network energy saving gains as well as requires less specification impact compared with PRACH periodicity adaptation.
Observation 3: It could be beneficial to allow the gNB adapting the PRACH resource for each SSB. 
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APPENDIX
RAN#116 agreements
Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded

Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded

Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2

Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)

Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration.

Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)
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