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Introduction
[bookmark: _Toc47778550]This contribution is a summary of the AI 8.7.2 - Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime. The contribution is structured as follows,
Section 2 is a summary of each topics from the contributions companies submitted and relevant online/offline discussion during the meeting. And each sub-topic is arranged a sub-section. Section 3 is a summary of the potential proposals from section 2 as suggested by moderator. Section 4 is a summary of previous agreements. Section 5 is a table of summary of proposals from contributions submitted. Section 6 is the work plan. Section 7 is the decription of WI. Section 8 is reference. Section 9 is the history of this document.
Summary of the contributions/discussions
Remaining issues for evaluation methodologies
Traffic models
[OPPO] The new FTP models 3 for Gaming and Short Video IM could use 0.05 Mbytes packet size and 15ms mean inter-arrival time. Smaller Packet size like 0.01Mbytes can be also considered.
[vivo] A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms


[Samsung] We assume a data-intensive traffic model for the evaluation purpose. For simplicity, we re-use the FTP Model 3 with larger packet size and shorter inter-arrival time, e.g., 1MB packet size with relatively smaller inter-arrival time, e.g.,  from 50 ms to 100 ms.
Meanwhile, some companies use an intensive packet arrival time in order to study the power saving gain. Such as,
· For Apple results, FTP 3 traffic model: 15ms mean inter-arrival, 0.05Mbytes packet
· For Huawei results, FTP 3 traffic model: 30ms mean inter-arrival, 0.1Mbytes packet
· For vivo, FTP 3 traffic model: 30ms mean inter-arrival, 0.15Mbytes packet
· For Nokia results, DL and UL packet every 20ms for Video/voice conferencing
· For Samsung results, FTP 3 traffic model, 1MB packet size with relatively smaller inter-arrival time, e.g.,  from 50 ms to 100 ms
· For MediaTek results, FTP 3 traffic model: 15ms mean inter-arrival, 0.05Mbytes packet
1st  round discussion
Proposal 1:  The following ‘intensive eMBB traffic’ model is considered for Rel-17 Power saving evaluation,
· Based on FTP Model 3
· packet size: [0.1MB]
· mean inter-arrival time: [30ms] 
· DRX configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = [(20ms,10ms,5ms)]

	Company
	Yes/No
	Comments

	CATT
	No
	Companies can show results with any traffic model as in Rel-16 UE power saving study since the power saving gain would be a range based on the realistic deployment.   A specific model is only one case of potential UE power saving and does not reflect any gain for any power saving technique.  

	Huawei, Hisilicon
	Yes
	We support the traffic model. In the last meeting this was not discussed just due to the limited time. We should agree the traffic model for evaluation. In our view, it is always not excluding other results from companies using different assumptions.  

	Nokia
	Yes
	Some truncation should be applied for the inter-arrival time e.g. 50ms. It also should be clarified that this applies for both DL and UL. Unless we model the link adaptation and HARQ etc. the packet size does not really matter.

	ZTE,
Sanechips
	Yes
	

	Vivo
	Yes
	The intensive eMBB traffic model was mentioned by many companies, therefore we think it is nessasry to alignment the parameters for better understanding of the results.


	Samsung
	Yes 
	We support “intensive eMBB traffic”, which was missed during Rel-16 study. 
For DRX configuration, we suggest to reuse the existing configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = (40ms,10ms,4ms)].

	Intel
	Neutral
	We are open to consider this as optional traffic model for evaluation, if majority companies want. Traffic models captured in TR should be baseline.

	InterDigital
	Yes
	It is beneficial to agree on a common model.

	Apple 
	Yes
	

	Ericsson
	No
	We prefer to keep agreement from last meeting.
Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.


	Qualcomm
	No
	We don’t have a strong view but still believe it could be optional as we agreed in the last meeting.

	DOCOMO
	Yes
	

	Speadtrum
	Yes
	

	MediaTek
	Yes
	We understand the intention of including this traffic model is for further comparison of candidate PDCCH reduction schemes which are expected to deal with data intensive services. But, if there is no consensus, companies can still utilize the setting in moderator summary. We may focus on characterizing the power saving scheme (later proposals).



Revised FL proposal :
	Proposal 2.1.1:  The following ‘intensive eMBB traffic’ model is considered for Rel-17 Power saving evaluation,
· Based on FTP Model 3
· packet size: [0.1MB]
· mean inter-arrival time: [30ms] 
· DRX configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = [(20ms,10ms,5ms)]
· Note: This does not preclude to use other traffic models and companies report which traffic model(s) is used

	Comments:
In order to address CATT’s comment, a note is added in the last sub-bullet.

	Suggestions for next step:
 



2nd  round discussion
FL proposal :
	Proposal 2.1.1:  The following ‘intensive eMBB traffic’ model is considered for Rel-17 Power saving evaluation,
· Based on FTP Model 3
· packet size: [0.1MB]
· mean inter-arrival time: [30ms] 
· DRX configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = [(20ms,10ms,5ms)]
· Note : the model is applicable for DL and/or UL
· Note: This does not preclude to use other traffic models and companies report which traffic model(s) is used

	Comments:
Considering majority support to the model, FL recommend to further consider it. In order to address CATT’s comment, a note is added in the last sub-bullet.

	Suggestions for next step:
 




	Company
	Yes/No
	Comments

	Qualcomm
	
	We would like to ask for clarification. Does this proposal intend to recommend an optional traffic model, while having the legacy traffic models in TR 38.840 as baseline? If so, we are fine with the proposal.
However, if the intention is to introduce a new baseline traffic model, then it seems to be against RAN1 #102-e’s agreement.

	CATT
	No
	Any traffic models were considered in Rel-16 UE power saving.   There are several traffic models were considered for calibration purpose.   Since we don’t need further calibration, there is no need to add new traffic model.  

	Huawei, HiSilicon
	Yes
	By incorporating the note, it can resolve the concern from some of the companies, this does not conflict with the agreement in RAN1#102. We don’t see problem to agree it.

	Intel
	
	We are fine to have this as optional model.

One question to the proponents. Given such a short inter-arrival time, we are wondering how significant power saving gain can be with that DRX model compared to no DRX.

	Samsung 
	Yes
	Since many comapines are interested in intensive eMBB traffic, it’s necessary to have a common model in order to have failr comparision on the evaluation results. 

	OPPO
	Yes
	We think this is not for a baseline model. Thus, it is not preclude the agreed models. Motivation is to study most updated use case for smart phone. We can give better overview for the PS enhancement.

	Spreadtrum
	Yes with modifcation
	We also think this traffic model should be an optional traffic model. Therefore, we have the following modification suggestion:
Proposal 2.1.1:  The following ‘intensive eMBB traffic’ model is considered as an optional model for Rel-17 Power saving evaluation,
· Based on FTP Model 3
· packet size: [0.1MB]
· mean inter-arrival time: [30ms] 
· DRX configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = [(20ms,10ms,5ms)]
· Note : the model is applicable for DL and/or UL
Note: This does not preclude to use other traffic models and companies report which traffic model(s) is used

	MediaTek
	Yes
	For further comparison of candidate PDCCH reduction designs, aligning the traffic model is beneficial for fair comparion. In this regard, we are supportive. One additional suggestion is to include CA along this traffic model since the data rate is high (> 25 Mbps).

	ZTE, Sanechips
	Yes
	

	Nokia
	Yes
	We can adopt this as an optional model



Others
[Samsung] proposes that in order to achieve power saving from relaxed processing, it’s essential to consider relaxation on both PDCCH processing timeline and PDSCH reception and ACK/NACK feedback timeline, so that UE can lower the clock rate for all DL processing modules. 
Also the power scaling model proposed by [Samsung]is as follows,
· power scaling model of processing time relaxation over X slots such that P(X) = Ps + (Pt - Ps)/X, 
· where Pt is the power without relaxation, and Ps is the power for micro-sleep
1st round discussion
	Company
	Yes/No
	Comments

	CATT
	No
	There is no technical justification of power model with relaxation of processing timeline.  

	Huawei, HiSilicon
	
	We are open but it should be deprioritized.

	Nokia
	No
	As I read it, in each slot within the extended PDSCH processing time line, UE would consume P(X), i.e. micro sleep plus fraction of the PDSCH processing power. This seems to give same power as the processing PDSCH in single slot and having micro-sleep in remaining X-1 slots.

	ZTE,
Sanechips
	No
	Regarding this new model, we are not sure whether P(X) is the average power per slot or the total power over the X consecutive slots.  If P(X) is the average power per slot, then
1  With the new model, the total power over X consecutive slots  after relaxation is P(X)*X= Ps*X + Pt - Ps. 
2 The total power over X consecutive slots without any relaxation is also Pt+(X-1)*Ps, wherein it is assumed that the PDSCH is transmitted in the first slots, and UE enters into micro-sleep.
Based on the above analysis, it seems there is no additional UE power saving benefits from PDSCH relaxation.

	Panasonic
	
	Question for clarification: P(X) applies only to the first slot or P(X) is for each slot of the X slots, or P(X) is the total power for all X slots?

	Vivo
	Partially Yes
	We are fine to discuss the power model. We think relaxing the processing do have some impact to the UE power consumption. 
We can take this as a start point and further details can be FFS.

	Samsung 
	Yes
	P(X) is the total power over the X consecutive slots for relaxed PDSCH/PDCCH processing. The total power over X consecutive slots after relaxagtion is P(X) + (X – 1) Ps = X*Ps + (Pt – Ps)/X.

	Intel
	No
	Deprioritize

	InterDigital
	FFS 
	The model needs further clarification.

	Apple 
	No
	

	Ericsson
	No
	Similar comment as Nokia. 

	Qualcomm
	No
	Relaxation of processing timeline is highly implementation depedent and it would be hard to reach a consensus (remember, we had similar discussion during Rel-16 SI, but no concensus was made). For example, some may think that it would be more power efficient to finish a certain process as soon as possible, with a high clock speed, and goes back to sleep as early as possible.

	DOCOMO
	
	We are open to discuss it if needed.

	MediaTek
	No
	Relaxing UE processing timeline may degrade NR metric and induce significant specification change. We are conservative to include this power model change.




2nd  round discussion:
FL proposal :
	· Proposal 2.1.2:  power scaling model of processing time relaxation over X slots is P(X) = Ps + (Pt - Ps)/X, 
· where Pt is the power without relaxation, and Ps is the power for micro-sleep

	Comments:


	Suggestions for next step:
FL recommend for further discussion, e.g., the details of the model by taking the 1st round comments received so far into account. 



	Company
	Yes/No
	Comments

	Qualcomm
	No
	Before we discuss the power scaling model, the motivation and feasibility of the processing time relaxation should be discussed first. As we commented in the first round, either the processing time relaxation is implementation specific, or it requires significant specification impact, because the existing timelines, such as PDSCH/PUSCH processing, BWP switching, SFI/CI, and A-CSI processing, etc., may be required to change.

	CATT
	No
	Based on the power model discussion in Rel-16, our understanding is that processing relaxing would not reduce power consumption.  There is no technical justification.  

	Huawei, HiSilicon
	We should discuss the power model
	We think the power model of relaxed timeline should be discussed. regarding the proposed model from Samsung, we actually have similar queston as Nokia. By using some linear scaling, we think the final energy consumption would be the same.
The voltage could be reduced when the the processing timeline is relaxed from 1 slot to X slots. Regarding the power, it can be reduced to square or three times of 1/X of the original power.
Therefore，we proposed to consider P(X) = Ps + (Pt - Ps)/(X^2) or P(X) = Ps + (Pt - Ps)/(X^3).

	Intel
	No
	As described by other companies, the need is not clear. We Suggest to deprioritize this topic.

	Samsung
	Yes with modification
	To address the concern about technical justification from CATT and QC, the processing complexity is same after relaxed processing, the reduced power consumption comes from lower clock rate for processing. 
To address the concern about power saving from Nokia, ZTE, Panasonic and Ericsson, the power model indicates average power for PDSCH/PDCCH processing in X slots. But, to resolve the confusion, instead of model average power per slot, we suggest to model the average power of PDSCH/PDCCH processing and micro-sleep together in X slots for the case of relaxed processing timeline as below.
· Proposal 2.1.2:  power scaling model of processing time relaxation over X slots is P(X) = Ps + (Pt - Ps)/X + (X - 1)*Ps, 
where Pt is the power without relaxation, and Ps is the power for micro-sleep per slot.
Also it should be applicable for both PDCCH processing and PDSCH processing.


	LG
	No
	Processing time relaxation is not yet decided to be supported, and we need sufficient discussion to introduce new power scaling model.

	OPPO
	No
	Would be justified for significant need.

	Spreadtrum
	No
	We think more discussion related to the motivation and power scaling model of processing time relaxation is needed, and this discussion should be deprioritized.

	MediaTek
	No
	Although we understanding the intention is to broaden power saving aspects, we would like to suggest focusing on PDCCH monitoring reduction design for Rel-17, particularly due to limited time resource.

	ZTE, Sanechips
	No
	See our comments in 1st round.  
Plus, the relaxation of N1/N2 is being discussed in Redcap.

	Nokia
	No
	The updated model power the power consumption based on Samsung comment, makes now clear that the PDSCH decoding power consumption ‘overhead’ is reduced by factor X. Now while the model is understandable it is not really clear if PDSCH processing power can be reduced linearly as a function of processing delay. There was no concensus in Rel-16 , so we should not focus on this unless there is clear consensus that significant power saving can be attained and that the mechanism/model is agreed upon. Evantually we would need to consider the application delay for such procedure, thus it should also be realistically accounted when possible power saving gains are assumed.




DCI-based power saving schemes for active time
SS switch and PDCCH skipping
14 companies provide simulation results for power saving gain for PDCCH skipping and search space switching. 
The excel in ‘RAW’ sheet captures detailed assumptions and results (it is available in the draft folder under section 8.7.2). For more details, please see https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_103-e/Inbox/drafts/8.7.2/misc
In order to illustrate the overall power saving gain, the results are categorized into 4 types based on the traffic type:
· eMBB Traffic
· Instant Message
· VoIP
· Intensive eMBB Traffic
Both  the minimum and maximum power saving gain are provided if multiple configurations are provided.
The PDCCH skipping schemes are categorized as  PDCCH skipping #1 and PDCCH skipping #2 respectively, where PDCCH skipping #1 denotes skipping a certain duration, and PDCCH # 2 denotes skipping to the next DRX cycle.
The Search space switching (SSS) can  switching between  per 1 slot PDCCH  monitoring (if it does not used per 1 slot monitoring, a note in the column ‘note’ is added to describe the details) to X   slot/ms  PDCCH monitoring, where different companies provides different value of X. Then the power saving gain range is provided if differnet value is simulated.
Some companies provides results with regards to cell average, cell center and 5%-tile UE. Then the results is reflected by a value range in which the lower bound and upper bound is derived by minimum and maximum value of all.
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Table1. eMBB Traffic
Note:
(1) For Nokia results, for SS switching and PDCCH skipping, assume 2 slot decision delay when applied for the first time and 2 slot application delay for SS switching,CSI meas every DRX, RRM every DRX, UL CG.	Comment by Kaikkonen, Jorma (Nokia - FI/Oulu): Both SSsw and skipping had 2 slot decision delay before they are applied (only for for the 1st time). For SSsw we had additional 2 slot application delay before the power saving is applied, 0 slot for skipping.
(2) For Intel results, both cell average and cell edge UEs are captured, roughly 0-3% UPT loss observed.
(3) For Ericsson results, PDCCH skipping is ideal scheduling case, in which PDCCH monitoring for the UE is always turned off right after end of a data burst and turned on only at the beginning of a data burst (simulated only for reference)
(4) For Qualcomm results, the baseline PDCCH monitoring periodicity is assumed 1, 2 or 4 slots
(5) CATT does not assume WUS.
(56) Huawei results does not include WUS and cross-slot scheduling for PDCCH skipping, but include WUS and cross-slot scheduling for baseline.
(6(7) For vivo results, the MAC CE stop is considered for noth new shemes and baseline schemes.

Table 2. Intensive eMBB
Note:
(1) For Apple results, FTP 3 traffic model: 15ms mean inter-arrival, 0.05Mbytes packet
(2) For Huawei results, FTP 3 traffic model: 30ms mean inter-arrival, 0.1Mbytes packet
(3) For vivo, FTP 3 traffic model: 30ms mean inter-arrival, 0.15Mbytes packet
(4) For Nokia results, DL and UL packet every 20ms for Video/voice conferencing
(5) For Samsung results, 1MB packet size with relatively smaller inter-arrival time, e.g.,  from 50 ms to 100 ms
(6) For MediaTek results, FTP 3 traffic model: 15ms mean inter-arrival, 0.05Mbytes packet



Table 3. VoIP


Table 4. Instant Message
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1st  round discussion

Based on the results and proposals, it is proposed
[bookmark: _Ref54778371]Proposed 2: Capture the results and the following observations in chairman notes,
· In addition to properly utilize Rel-15 and Rel-16 power saving solutions, the following schemes are beneficial for UE power saving. 
· PDCCH skipping
· by skipping PDCCH monitoring for a certain duration or until next DRX ON
· Search space switching
· by switching PDCCH monitoring periodicity

	Company
	Yes/No
	Comments

	CATT
	No
	We prefer to have conclusion of power saving technique providing by PDCCH moniotoring adaptation with power saving gain in the range of x-y % for each power saving techniques.   The results are used for reference.   

CATT’s results (note 5 marking in “red” below Table 1) include WUS as state in our contribution as follows,
“Based on the agreements in RAN1#102e, the Rel-15/Rel-16 features such as RLM, RRM and DRX wake-up indication etc., are all considered in the baseline of power consumption. The evaluation parameters of the baseline in this subsection are listed in the Table 1.”
Table 1. Simulation assumptions for the baseline of PCell dormancy indication
	Power consumption for DCP
	100, 
the same as that of PDCCH-only
DCP offset to DRX ON = 2 ms




	Lenovo, Motorola Mobility
	Y
	

	Huawei, Hisilicon
	Yes
	1. Firstly, we clarified the Note under Table 1 regarding our simulation assumption. 
2. We are fine to capture the results and generally OK with the observations. 

	Nokia
	No 
	The assumptions companies  are having between skipping and SS switching are not really comparable. Some companies apply very conservative assumption for the SS switching, while take relative aggressive assumption for skipping, resulting in practice GoToDRX. Therefore, it would be preferably to look further and try to reach better consensus on the assumptions prior capturing anything.
To have a fair comparison of the schemes we should try to align the assumptions for skipping and SS switching durations/periods, as well the number of different options for number of durations and SS set groups (e.g. 2 or 3 etc.). Also some common understading should be developed the decision delay when scheduler can apply these.
In addition we should also account the UE autonomous adaptation options (e.g. timer based) to consider cases when the network cannot address the UE e.g. due to PDCCH capacity/blocking.

	[bookmark: OLE_LINK1]ZTE,
Sanechips
	Yes
	We are okay with the observation and fine to capture it.

	CMCC
	Yes
	Fine with the observation and proposal.

	Panasonic
	Yes
	

	Vivo
	Yes
	For CATT’s suggestion. We think it can be addressed by adding more subbullets regaring the power saving gain in the range of x-y % for each power saving techniques. For example, 

· In addition to properly utilize Rel-15 and Rel-16 power saving solutions, the following schemes are beneficial for UE power saving. 
· PDCCH skipping
· by skipping PDCCH monitoring for a certain duration or until next DRX ON
· The power saving gain for the scheme is observed as follows 
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for VoIP traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for intensive eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for IM traffic.
· Search space switching
· by switching PDCCH monitoring periodicity
· The power saving gain for the scheme is observed as follows ,
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for VoIP traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for IM traffic.
· …
For Nokia’s comments, we think further details can be handled in the spec impact section. For this part, we should focused on whether it is beneficial or not. The detailed assumptions for each company can be found in the excel sheet.
UE autonomous adaptation options (e.g. timer based) is also needed from our thinking. Hence it can be also handled in the specification impact sction.


	Samsung 
	Yes
	We are fine to capture the results with some clarifications needed. 
First, to clarify these two schemes are related to PDCCH monitoring adaptation. Other schemes can be discussed later.
Also, for search space switching, it is switching between group of one or more search space set(s) for PDCCH monitoring. PDCCH monitoring periodicity is just one example of applicable configuration parameters. 

	Intel
	Yes
	Lot of results are shared by companies and we think it certainly helps to capture some conclusions/observations, perhaps separately for PDCCH skipping and SS switching.We Prefer Vivo’s version.


	InterDigital
	Yes
	We are ok to capture the observation and agree with Samsung that PDCCH monitoring periodicity is just one arameter of a SS. Maybe this can be clarified in the text.

	Apple 
	Yes 
	 

	Ericsson
	No
	Results should not be in chairman notes as these are not RAN1 agreements. Any observations that RAN1 can agree, can be captured. 
Obersvations should be based on power savings and latency/UPT impact,  and should also reflect the baseline used as well as the assumptions used between different schemes, including whether appropriate settings of an existing feature is considered in the comparisons. 

	Qualcomm
	Yes
	As vivo suggested, it would be better to add ranges of the gains, as we did in TR 38.840.

	DOCOMO
	Yes
	We are okay to capture the result and the observation.

	Spreadtrum
	Yes
	

	MediaTek
	Yes (with vivo’s new structure)
	We are supportive to the proposed structure for capturing companies’ evaluation results by vivo. Regarding system impact, latency increment can also be captured, as suggested by Ericsson.




Revised FL proposal :
	Proposal 2.2.1:  
· In addition to properly utilize Rel-15 and Rel-16 power saving solutions, the following schemes are beneficial for UE power saving. 
· PDCCH skipping
· by skipping PDCCH monitoring for a certain duration or until next DRX ON
· The power saving gain for the scheme is observed as follows 
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for VoIP traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for intensive eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for IM traffic.
· Search space switching
· by switching PDCCH monitoring periodicity
· The power saving gain for the scheme is observed as follows ,
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for VoIP traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for intensive eMBB traffic.
· Range (XX% ~ YY%) , mean/medium = ZZ% / WW% for IM traffic.
· Note: The missing values will be finalized in this meeting
· FFS: further categorization of the simulation results

	Comments:
In order to address CATT’s comment, sub-bullets are appended in order to capture the value range.
In order to address Nokia’s comment, an FFS is added ‘FFS: further categorization of the simulation results’, and it is open to  discuss further categorization of the results. However since many companies think it is fine to original version, I suggest to keep the structure in general.

	Suggestions for next step:
 FFS to fill the missing values in this meeting. And AOB.


2nd round discussion
FL proposal :
	Proposal 2.2.1:  
· In addition to properly utilize Rel-15 and Rel-16 power saving solutions, the following schemes are beneficial for UE power saving. 
· PDCCH skipping
· by dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· The power saving gain for the scheme is observed as follows 
· For eMBB traffic ,
· Mean/ median range = (15.91% ~ 27.06%) / (15.00% ~21.6%) for FR1 1CC. (11 sources)
· Mean/ median range = (31.94% ~ 41.19%) / (31.94% ~ 41.19%) for FR1 4CC. (1 source)
· Mean/ median range = (6.26% ~ 26.88%) / (6.26% ~ 26.88%) for FR2 1CC. (1 source)
· Mean/ median range = (20.75% ~ 26.88%) / (20.75% ~ 26.88%) for FR2 4CC. (1 source)
· For VoIP traffic,
· Mean/ median range = (21.6% ~ 23.21%) / (24.08% ~25.85%) for FR1 1CC. (4 sources)
· Mean/ median range = (27.18% ~ 36.08%) / (27.18% ~ 36.08%) for FR2 1CC. (1 source)
· For intensive eMBB traffic,
· Mean/ median range = (11.52% ~ 14.87%) / (13.10% ~13.79%) for FR1 1CC. (5 sources)
· Mean/ median range = (34.79% ~ 50.51%) / (34.79% ~ 50.51%) for FR2 4CC. (1 source)
· For IM traffic,
· Mean/ median range = (11.86% ~47.58%) / (11.86% ~47.58%) for FR1 1CC. (2 sources)
· Mean/ median range = (9.6% ~ 74.13%) / (9.6% ~ 74.13%) for FR1 4CC. (1 source)
· Search space switching
· by dynamically switching PDCCH monitoring periodicity
· The power saving gain for the scheme is observed as follows ,
· For eMBB traffic ,
· Mean/ median range = (11.18% ~ 16.28%) / (11.28% ~11.28%) for FR1 1CC. (7 sources)
· Mean/ median range = (3.27% ~ 4.78%) /  (3.27% ~ 4.78%) for FR1 4CC. (1 source)
· Mean/ median range = (20.90% ~ 34.28%) / (20.90% ~ 34.28%) for FR2 4CC. (1 source)
· For VoIP traffic ,
· Mean/ median range = (8.86% ~ 10.75%) / (8.22% ~8.22%) for FR1 1CC. (3 sources)
· Mean/ median range = (35.73% ~ 40.19%) / (35.73% ~ 40.19%)  for FR2 1CC. (1 source)
· For intensive eMBB traffic,
· Mean/ median range = (13.72% ~ 15.45%) / (6.57% ~6.57%) for FR1 1CC. (3 sources)
· Mean/ median range = (49.66% ~  60.75%) / (49.66% ~  60.75%)  for FR2 4CC. (1 source)
· For IM traffic,
· Mean/ median range = (1.36% ~ 7.19%) / (1.36% ~ 7.19%) for FR1 1CC. (1 source)
· Mean/ median range = (1.04% ~  9.92%) / (1.04% ~  9.92%)  for FR1 4CC. (1 source)
· Note: the values may be updated by further check and will be finalized in this meeting
· Note: The lower bound of the mean/median value range is calculated by averaging the lower bound of each companies’ value range of the power saving gain. The upper bound of the mean/median value range is calculated by averaging the upper bound of each companies’ value range of the power saving gain.
· Note: the above schemes may have some impact to UPT/latency within a tolerable range.
· Note: the system overhead caused by the above schemes is similar compared to the legacy Rel-15/16 techniques, which does not brought up large impact to system performance.
· Note: detailed assumptions and results for each refers to [R1-12XXXXX]


	Comments:
In order to address CATT’s and MTK’s comment, sub-bullets are appended in order to capture the value range. The lower bound and upper bound of the mean value range is calculated by average the lower bound and upper bound of each companies’ range respectively. Note for simplicity I mergered the value range for PDCCH skipping #1 and #2. It is open for discussion.
Also as mentioned by Ericsson and MTK, add a note for UPT / latency. Apple/Ericsson/Huawei provide numeric results for UPT loss and latency, which shows the the new schemes will have some negative impact to UPT/latency. However, it has not big concerns to such negative impact and considered as tolerable. Either it is within acceptable delay bound, or it has similar negative impact to some existing R15/16 techniques.
Huawei/Hisi has assessed the system overhead for the above schemes and add a note for system overhead aspect.
Also add ‘Note: detailed assumptions and results for each refers to R1-12XXXXX’, and intend to append the excel sheet to the tdoc for reference.


	Suggestions for next step:
 




	Company
	Yes/No
	Comments

	Qualcomm
	Yes
	We are fine with the moderator’s proposal. As long as it is impractical to capture all the detailed assupmptions of baslines and proposed schemes, we think the current version is good as a high level summary.

	CATT
	Yes
	Adding power saving gain provides the evidence of the benefit of the power saving technique

	Huawei, HiSilicon
	Yes in principle, need some revision
	We agree the averaged minimum value and averaged maximum value are a good way to draw observations. We are basically fine with the observation, with the following comments:
1) Regarding the latency/UPT impact, we would like to revise the note as:
Note: some sources reported the observed power saving gain by guaranteeing the latency/UPT loss within a tolerable range.
2) It is strange to say average or median range for power saving when the results are reported by 1 source. For the results reported by 1 source, as an example we suggest the following wording:
· 1 source reported Mean/ median range = (31.94% ~ 41.19%) / (31.94% ~ 41.19%) for FR1 4CC. (1 source)
· 1 source reported Mean/ median range = (6.26% ~ 26.88%) / (6.26% ~ 26.88%) for FR2 1CC. (1 source)
· 1 source reported Mean/ median range = (20.75% ~ 26.88%) / (20.75% ~ 26.88%) for FR2 4CC. (1 source)
3) For two sources case, it seems we should remove the median range, and only keep the average range.

	Intel
	yes
	Agree with Huawei’s comment 2)

	Samsung 
	Yes with modification
	For PDCCH skipping, there are two types of design. One is to skip during a cerain duration of  X slots. The other is to skip until next DRX ON. As the two design will result in quite different DCI indication design, we suggest to capture the results for them separately. 

	OPPO
	Yes
	Comparing the first round of proposal(seems I missed lot of 1st round comment, due to omitted copying texts), the second round is detailed. It is good to give general description on the situation. 

	Spreadtrum
	Yes
	For the results reported by 1 source, we agree with Huawei’s comment 2)

	CMCC
	Yes
	Fine with the proposal.

	MediaTek
	Yes
	For connected-mode power saving enhancement, there are many Rel-15 and Rel-16 combinations of power saving schemes. In this regard, we are supportive to moderator’s proposal in capturing the range with averaged lower and upper bounds across all companies’ results. Otherwise, people can miss in the very broad ranges without any insight to practical power saving gains.

	ZTE, Sanechips
	Yes
	Agree with Huawei’s comment 2)

	
	
	Firstly, as noted we did not conclude all the aspects in relation to Rel-15/16 baseline, and we have not done any pruning of the results based on any selection based on the used assumptions we would propose to adjust the first bullet:
· In addition to properly utilize Rel-15 and Rel-16 power saving solutions selected by each company, the following schemes are beneficial for UE power saving gains are observed. 
Also we think that if we don’t want to further discuss about the assumptions we should make an attempt to capture the assumptions for SS switching and PDCCH skipping for the period and duration of the skipping. Thus we would propose to add following bullets:	Comment by Lauridsen, Mads (Nokia - DK/Aalborg): What about the decision delay?
(E.g. for skipping)
· For PDCCH skipping the considered durations for PDCCH monitoring reduction were [0 … 128] slots or till new data arrival 
(And correspondingly for SS switching.)
· For SS switching the PDCCH monitoring periods considered were [1 … 32] slots	Comment by Lauridsen, Mads (Nokia - DK/Aalborg): With [1..x] slots monitoring duration per period
 Also as noted for PDCCH skipping there was underlying assumption that with skipping GoToDRX command can be emulated. Thus we would propose to add following point for PDCCH skipping:
· If indicated PDCCH skipping exceeded the Inacitity timer, UE was allowed to go to deep sleep till next DRX ON. All evaluations did not account MAC-CE based GoToDRX as a comparison.





MIMO layer adapation
Some companies [Samsung, vivo, Huawei/HiSi, Lenovo/Moto] propose dynamic adaptation to the maximum number of MIMO layers within the active BWP. For example, if there is no data transmission, Gnb can indicates the UE to use the default configuration with smaller maximum number of MIMO layers for UE power saving. When the traffic data arrives, Gnb indicates the UE to switch to larger maximum number of MIMO layers. Or it would be beneficial to support antenna adaptation method which does not require BWP switching for further power saving.
And [Huawei/ HiSi] pointed out BWP switching based adaptation of maximum MIMO layers may not applicable for RedCap Ues. Thus number of MIMO layer adapation for a BWP is nessasry and needed for Redcap UE.
1st  round discussion:

	Company
	Yes/No
	Comments

	CATT
	No
	It should be discussed in RedCap.  

	Huawei, HiSilicon
	Yes
	Multiple BWPs consume storages and complexity, which is acceptable for normal Embb UE but may not be for RedCap UE. We propose to continue the discussion on the MIMO layer adaptation within a given active BWP.

	Nokia
	No
	There has not been any agreement in our understanding for the BWP support of the RedCap Ues. Especially when considering the RedCap Ues that support multiple RX chains and/or multiple layers, it would seem rather likely that they would also  support multiple BWPs. Thus this does not appear to be justified

	Vivo
	Yes
	MIMO layer adaptation within active BWP has been discussed in Rel-16 and provide to have benefit to UE power saving. At least for redcap UEs without multiple BWP, it is needed. Meanwhile, shwitching MIMO layer within BWP can have shorter switching delay which is beneficial from power saving perspective.
We think the general design for MIMO layer adapatation within active BWP should be discussed in power saving WI.

	Samsung
	Yes
	BWP switching consumes unnecessary power consumption to support MIMO layer adaptation. The same principle of cross-slot scheduling can be considered to enhance adaptation on MIMO layer. 

	Intel
	No
	The need of MIMO layers adaptation is not clear for RedCap Ues due to reduced number of antennas.
Also, Ues may potentially have two BWPs where all BWP configs may be same except # MIMO layers. Then Rel16 DCI based BWP adaptation can still work. 

	InterDigital
	Yes
	We are fine with discussing MIMO layer adaptation within a BWP since it is shown to provide some gains.

	Ericsson
	No
	Can be discussed in RedCap.

	Qualcomm
	No
	Multiple BWP support in RedCap is still under discussion, and we don’t think the support for multiple BWP always brings additional complexity. BWP is a quite general adaptation framework, not limited to actual bandwidth or center frequency changes, and there can be additional constraints in the configurable BWP parameters in RedCap to limit the complexity, as Intel commented.

	DOCOMO
	Yes
	Some of UEs including RedCap UE may not support multiple BWP, and it is beneficial to enable maximum MIMO layer adaptation within a BWP.

	Spreadtrum
	No
	We shared the similar view with Nokia.

	MediaTek 
	No
	Inducing a duplicated functionality is not preferred. If REDCAP UE has concern in supporting multiple BWP configurations due to larger storage requirement, RAN2 can be triggered to consider compact BWP configuration. If only MIMO layer parameter will be changed, other duplicated parameters can be eliminated so as to resolve the storage concern.



2nd round discussion:

	Proposal 2.2.2:  
void

	Comments:
No consensus is achived so far. 
One discussion point is that whether Redcap UEs can have multiple BWPs. Companies are welcomed to further discuss on this point.

	Suggestions for next step:
FL recommend to further discuss.



	Company
	Yes/No
	Comments

	Qualcomm
	No
	We don’t think the discussion point suggested by the moderator is in the scope of UE power saving discussion. That should be discussed in RedCap SI/WI. What we think a more relevant and objective issue to discuss is whether the intra-BWP MIMO layer adaptation has meaningful gain over Rel-16 BWP-based scheme, which seems having a duplicated functionality.

	CATT
	No
	The specification work for maximum MIMO layer adaptation with a BWP is way too much and exceeds the whole time budget for Rel-17 UE power saving.   

	Huawei, HiSilicon
	Yes
	Some comments to Intel and Qualcomm’s comments of “Also, Ues may potentially have two BWPs where all BWP configs may be same except # MIMO layers. Then Rel16 DCI based BWP adaptation can still work.”.
In this case, even when the network configures similar parameters for two BWPs, this cannot reduce the complexity on UE, i.e. the storage that is needed by multiple BWP cannot be reduced, considering UE needs to support the configuation when multiple BWPs which do not sharing parameters. Only the possibility is to further enhance the BWP framework for RedCap UE, e.g. UE can always assume the configurable BWPs sharing most of configurations. We can discuss these two ways for power saving enhancement.

	Lenovo, Motorola Mobility
	
	We think some RedCap UEs may not support multiple BWPs and dynamic BWP switching. However, this can be discussed in RedCap SI/WI.

	Intel
	No
	Regarding Huawei’s comment: If this is about complexity reduction, then we think this should better be discussed in Redcap

	Samsung 
	Yes
	The enhancement is beneficial for both eMBB UEs and RedCap UEs. 
For RedCap UEs, 2RX antenas has been agreed for study in both FR1 and FR2. Multi-BWPs or narrowband operation is needed for the benefit of increased spectral efficiency. BWP switching will be triggered mainly for consideration on spectral efficiency instead of power saving. So, power saving scheme without BWP switching is important for RedCap.
For eMBB UEs, additional power saving gain can be achieved by avoid BWP switching and reloading RRC configuration parameters.

	LG
	No
	It is more appropriate to be discussed in RedCap SI/WI.

	OPPO
	No
	BWP capability is mor like a RedCap discussion.

	Spreadtrum
	
	No strong view

	CMCC
	N
	Can be discussed in RedCap.

	MediaTek
	No
	Given that we do not have much time to conclude the study phase, we suggest not to discuss this topic for Rel-17 connected-mode power saving enhancement.

	Nokia 
	No
	Firstly the discussion of RedCap complesity reduction techniques does not belong to this agenda item. Secondly, in my understanding reducing the support BWP configurations is not part of the agreed complexity reduction techniques in RedCap.



multi-PDSCH/multi-PUSCH scheduling
 [Panasonic, Lenovo/Moto, CMCC, GDCNI] proposes multi-PDSCH/multi-PUSCH scheduling. In this case, even if PDCCH monitoring occasions are reduced for a UE like once per 2 slots or once per 4 slots, the throughput is not impacted. Multiple TB scheduling was supported by Emtc and NR-U and was also discussed in URLLC. For Rel.17 power saving enhancement, it can also be discussed and studied due to the power saving technical merit. No simulation results presented so far.
1st  round discussion:

	Company
	Yes/No
	Comments

	CATT
	No
	In TR38.840, the power saving gain of multi-slot scheduling is negligible.  We need to show power saving gain in the study.

	Lenovo, Motorola Mobility
	Y
	Multi-PDSCH/multi-PUSCH scheduling can be jointly used with PDCCH skipping. For example, if UE receives multi-PDSCH/multi-PUSCH scheduling information, some PDCCH monitoring occasions can be skipped dynamically.  

	Nokia
	
	multi-PUSCH scheduling is supported already in Release-16.  Multi-PDSCH is a candidate for feature e.g. in NR 60GHz R17 study item.  In case that concensus is reached in this AI to support for multi-PDSCH, plenary should discuss which AI will be responsible. For power saving perspectice, this could be compared with cross-slot scheduling with reduced PDCCH monitoring periodicity for power saving, noting of course that with multi-PDSCH we can keep the data rate higher with lower PDCCH monitoring period.

	ZTE,
Sanechips
	No 
	According to TR38.840, multi-slot scheduling only provides little power saving gain. 

	CMCC
	Yes
	Rel-16 NR-U has supported multi-PUSCH scheduling, we think both multi-PUSCH and multi-PDSCH scheduling can be supported in Rel-17 licensed band. Similar view as Lenovo, multi-PUSCH/PDSCH scheduling can rezlize the PDCCH monitoring skipping to realize power saving.

	Vivo
	Y
	From power saving perspective, we think the feature can be simple realized by extension existing PDCCH monitoring capability from 1 DCI to N DCI in one slot.
Similar discussion in Redcap on this topic. We submitted a contribution regaring this in [R1-2007669].
By reviewing UE feature 3-1/3-5a/3-5b, the current specification does not support either 1) more than one unicast DL/UL scheduling DCI from one PDCCH monitroing occasion for a given UE , or 2) multiple PDSCHs/PUSCHs scheduled by a single DCI. 
To allow multiple PDSCHs/PUSCHs scheduling from one PDCCH monitoring occasion, two options can be envisioned. 
· Option 1: To allow transmitting multiple grants in one PDCCH monitoring occasion with each grant scheduling one PDSCH/PUSCH. 
· Option 2: To support multiple PDSCHs/PUSCHs scheduled by a single DL/UL grant, i.e. multi-TTI scheduling.
Clearly, option 2 has higher specification impact as new DCI format should be specified for multi-TTI scheduling. Option 1 can be simpler as it can be implemented by just increase the UE capability for detected DL/UL grants with a single PDCCH monitoring occasion.  



	Samsung
	
	Need justification of power saving.

	Intel
	Yes
	This can be useful, specially if PDCCH skipping is also assumed to ensure more power saving gains. 

	Ericsson
	
	Multi-PUSCH is already supported in Rel-16. No need to discuss this in UE power savings again (was discussed in the SI and observation captured in TR38.840).

	Qualcomm
	Partially yes
	Multi-TTI scheduling is being considered in different SI/WIs in Rel-17. For example, Rel-17 coverage enhancement SI and Rel-17 52.6GHz-71GHz band SI are also discussing multi-TTI scheduling. Therefore, it would be better to clarify the scope and have inter-WI coordination.

	DOCOMO
	
	Further discussion is needed.

	Spreadtrum
	
	Further discussion is needed.

	MediaTek
	No
	We suggest to focus on PDCCH monitoring reduction for connected-mode power saving enhancement. From existing power consumption model, the power saving gain with multi-TTI scheduling is limited. We are conservative in spending time on this scheme.



2nd round discussion:

	Proposal 2.2.3:  
void

	Comments:
No consensus is achived so far. 
Two discussion points:
(1) whether the power saving gain for multi-PDSCH/multi-PUSCH scheduling can be proved?
(2) Nokia commented it may have some overlap for power saving WI or NR 60GHz R17 study item on this point. Further decision is needed.

	Suggestions for next step:
FL recommend to further discuss.



	Company
	Yes/No
	Comments

	Qualcomm
	
	We are generally supportive with the multi-TTI scheme itself. However, it is not because its power saving gain is significant, but because it may be needed for some purposes other than power saving, which are being discussed in coverage enhancement and 60GHz SIs. Thus, once it is introduced by other SI/WI, we could reuse it for power saving without any additional effort. 
Anyway, considering that different SI/WIs are discussing this from different perspectives, we need some alignment, which could be further discussed in the plenary. Thus, we can suspend the related discussion until the inter-WI coordination is made.

	CATT
	No
	Multi-slot scheduling could be supported but not due to UE power saving.   

	Lenovo, Motorola Mobility
	
	Can discuss how to utilize the feature for power saving purpose, once other SIs (i.e. coverage enhancement, 60GHz) make progress.  

	Intel
	
	We are supportive of the technique. However, we think some PDCCH monitoring adaptation could be combined to get power saving gain. It may not result in power saving just by itself

	Samsung
	
	We do not see benefit of multi-PDSCH/PUSCH scheduling in terms of UE power saving. Since the same issue is already being discussed in other multiple agendas, we prefer to deperioritize the discussion on this technique.

	LG
	No
	It is a technique more regarding DL resource saving, and only little power saving gain is expected as already captured in TR38.840.
It is already being discussed in other SI/WIs, so there is no need to do duplicate work for power saving.

	OPPO
	No
	We suggest mot reduce the duplicated effort, seems the topic discussd in other AI, e.g IIoT. We also think this WI is not the right one for the topic.

	CMCC
	
	The multi-PUSCH/PDSCH scheduling can be jointly utilized with other power saving techniques, e.g., SS switch and PDCCH skipping to get power saving gain. 
Regarding the overlapping between other SI/WI, we think the suggestion of Lenovo is a good way.

	MediaTek
	No
	Not suggested for further discussion due to the limited gain (inherent from the agreed power consumption model)

	ZTE, Sanechips
	No
	It is being discussed in other AI, duplicated work should be avoided.

	Nokia
	
	While we are in principle supportive of multi-PDSCH operation (as multi-PUSCH is already supported), we can down prioritize this.



Relaxing PDSCH processing time
[Samsung] proposes that in order to achieve power saving from relaxed processing, it’s essential to consider relaxation on both PDCCH processing timeline and PDSCH reception and ACK/NACK feedback timeline, so that UE can lower the clock rate for all DL processing modules. 
The simulation result for Relaxing PDSCH processing time is also presented by [Samsung].  The baseline is as the following configuration:
· Connected mode DRX: DRX cycle = 160ms, onDuration = 8ms, in-activityTimer = 100ms.
· WUS outside DRX on duration
· Same-slot scheduling with min K0/K2 = 0
· PDCCH monitoring periodicity = 0.5ms
With power saving scheme of relaxed processing time, we assume UE will be indicated with min K0/K2 to be 0 and no relaxed processing when there is traffic. UE is provided with a timer of T = 2ms associated with same-slot scheduling. UE starts the timer when receives the indication of minK0/K2 = 0 and  = 0. Once the timer expires, UE switches to cross-slot scheduling with minK0/K2 = 2 slot, and relaxed PDSCH processing,  = 2 slot. 
Table 3. Power saving gain and latency loss for processing time relaxation based on minimum scheduling offset
	Inter-arrival time
	50
	60
	70
	80
	90
	100

	Power saving gain [%]
	28.00
	27.43
	26.95
	26.67
	26.33
	25.96

	Latency loss [%]
	-1.53
	-4.10
	-4.43
	-5.87
	-5.77
	-6.84



1st  round discussion:

	Company
	Yes/No
	Comments

	CATT
	No
	We don’t see the technical justification on power model for relaxation of UE processing time.  

	Nokia
	No 
	As noted earlier, it is not clear with the proposed power model that any benefit can be obtained.

	ZTE,
Sanechips
	No 
	Based on our analysis in Section 2.1.2, there is no additional power saving gain from PDSCH processing relaxation. The power saving gain is derived from the cross-slot scheduling.

	Vivo
	Partially Y
	The power saving gain depends on the power model. Therefore it is benefit to have a concrete power model for this feature first.

	Samsung 
	Yes
	As we explained in Section 2.1.2, the P(X) is the total power over the X consecutive slots for relaxed PDSCH/PDCCH processing. The total power over X consecutive slots after relaxagtion is P(X) + (X – 1) Ps = X*Ps + (Pt – Ps)/X.
The total power without relaxation over X consecutive slots is Pt + (X – 1) Ps
UE expects to save Pt – P(X) per PDSCH/PDCCH processing.


	Intel
	No
	Need is not quite clear. 

	Ericsson
	No
	Benefit is unclear. 

	Qualcomm
	No
	As we commented in Section 2.1.2, it is not a general statement that processing time relaxation is always beneficial for power saving. Shrinking the processing time and increasing sleep opportunities may be better in some cases.

	DOCOMO
	No
	The power saving model and justification is unclear.

	Spreadtrum
	No
	The power saving model and justification is unclear.

	MediaTek 
	No
	Relaxing UE processing timeline may degrade NR metric and induce significant specification change. We suggest to optimize UE power saving when there is no data activity.


2nd round discussion:

	Proposal 2.2.4:  
void

	Comments:
No consensus is achived so far. Companies have different view on whether the power saving gain for relaxing PDSCH processing time scheduling can be proved?

	Suggestions for next step:
FL recommend to further discuss.



	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	In our view, relaxed timeline introduces additional the power saving gain, especially considering the voltage on the chipset would be reduced. 
However, we would suggest to discuss the power model of relaxed timeline first.

	Samsung
	Yes
	It’s a simple extension or enhancement of Rel-16 cross-slot scheduling adaptation. Joint adaptation on min K0/K2, and PDSCH processing time can be considered to avoid additional triggering method design. UE can lower clock rate for data processing in order to achieve additional power saving gain. 
The scheme is attractive to both RedCap and eMBB UEs.

	MediaTek
	No
	Our understanding on power saving is to focus on the time without data activity. Typical usage can be applying power saving/relaxed PDCCH monitoring for the case of no data activity, while resume the fast processing and minimize the total time duration for data reception. This can also achieve the best balance between UE power saving and system efficiency. It is not clear why prolonging data reception duration is beneficial for power saving and system efficiency. 

	ZTE, Sanechips
	No
	The relaxation of N1/N2 is being discussed in Redcap.

	Nokia
	No
	Similar to mult-PUSCH/PDSCH, we can down prioritize this.



Downlink and uplink DCI decoupling
In Rel-15 and Rel-16 specification, the non-fallback DCI for DL and UL scheduling are always configured in same search space for non-fallback. This will lead to unnecessary blind decoding for some DCI format (e.g., UL or DL grant) especially if their DCI size is different. 
The straightforward way is to decouple non-fallback DCI for DL and UL scheduling, i.e., configure them in different SS The simulation results shows that 5.9% ~ 8.9 % power saving gain [vivo].
1st  round discussion:
	Company
	Yes/No
	Comments

	CATT
	No
	The decoupling of DL and UL DCI with different SS is the same as increasing the PDCCH monitoring periodicity.   

	Huawei, HiSilicon
	No
	This should be deprioritized considering it was already discussed in RedCap. 

	Nokia
	No
	The benefit could be achieved only if the different search-space sets have different periodicity.  Also when carrier does not have UL,  UE does not monitor for UL grant.   And we do not understand why DL and UL should have different latency, this being concequence of having different search space set periodicities.

	ZTE,
Sanechips
	No 
	This is aimed to reduce BD and can be discussed in Redcap.

	Vivo
	Yes
	For example, if DCI format 1_1 and  0_1 has different DCI size, UE need to perform blind decoding twice since the current spec only allows format 1_1and 0_1 to be configured simutanous in a search space configuration.
However, for some traffic, e.g., downloading, the downlink and uplink traffic are quite asymmetric, it is not nessasry to perofrm one way as the same frequently to the other way.
The simulation results shows allowing Downlink and uplink DCI being configured separately can gain 5.9 ~ 8.9 % power reduction.

	Samsung
	No
	We don’t see any issue. gNB can configure the DCI size to be same for DL and UL if needed. 
Also, it will increase the number of SS sets to configure, which increase the scheduling complexity, and increase the change of SS set dropping as overbooking may happen. 
Lastly, it’s static based solution instead of DCI-based adaptation, which is out of the scope.

	Intel
	Neutral
	

	InterDigital
	FFS
	It may be more preferable to discuss this item in RedCap SI.

	Ericsson
	
	We don’t see a need to to study this for purposes of UE power savings. 
This is already proposed in other work items and can be discussed there. 

	Qualcomm
	No
	First of all, as some companies already commented, we think this can be better handled in RedCap WI. Also, from the evaluation results, the gain does not look so significant. 

	DOCOMO
	No
	The use case is unclear.

	Spreadtrum
	No
	We shared the similar view with HW.

	MediaTek
	Low priority
	As the power saving gain is limited, compared with PDCCH monitoring reduction schemes, this direction should reasonably be of lower priority.



2nd round discussion:
	Proposal 2.2.5:  
void

	Comments:
No consensus is achived so far. 

	Suggestions for next step:
FL recommend to further discuss.

	Company
	Yes/No
	Comments

	Samsung 
	No
	Same view as 1st round.

	LG
	No
	It is preferable to be discussed in RedCap SI.

	MediaTek
	No
	Given it is already tough to converge the views and designs for PDCCH monitoring reduction, we suggest not to include other candidate schemes.

	ZTE, Sanechips
	No
	BD reduction is being discussed in redcap.

	Nokia
	No
	Same comment as in 1st round.




AL adaptaion
[CATT] propose PCell dormancy indication and AL adaptaion concept.
[CATT] For AL adapataion, the power saving of AL adaptation is evaluated under the different traffic models, i.e. Instant Message (IM), FTP traffic and VoIP traffic. The power consumption model in the simulation for FR 1(2RX/20MHz) and FR2 (2RX/100MHz) for Redcap UE is based on the agreements in RAN1#102e[4] while the other evaluation assumptions are consistent with those in TR38.840. In the evaluation, we assume that  UE has been configured with AL configuration {1, 2, 4, 8, 16} by the high layer signaling, and the required maximum number of BD with the value 44 is considered in the baseline. For the Redcap UE, it can be indicated to use AL subset 1, e.g. {1, 2, 4}, via the dynamic indication in enhanced DCI. In this case, it is assumed that the maximum number of BD for the AL subset 1 is reduced by 25%. Otherwise, 50% BD reduction is also evaluated in the subsection, i.e. the UE is indicated to use AL subset 2, e.g. {4, 8, 16}, at the subsequent PDCCH monitoring occasion. Furthermore, the power scaling scheme for BD reduction (for same slot scheduling only) compared to the baseline is considered according to the following formula:
P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt,
in which α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0) and Pt is the PDCCH-only power for same-slot scheduling.
It is observed from [CATT] that the power saving gain can be obtained via the AL adaption dynamically indication. For instant messaging traffic, FTP traffic and VoIP, the power saving gains are around 4%, 2.6%, 2.4% respectively in FR1, and around 9.6%, 6.7%, 6.4% respectively in FR2.
1st round discussion:

	Company
	Yes/No
	Comments

	CATT
	Yes
	This was studied in Rel-16.   

	Huawei, HiSilicon
	No
	This belongs to the BD reduction discussion in RedCap, therefore, we don’t need to overlap the discussion in RedCap.

	Nokia
	No
	AL  (and number of candidates) adaptation  can be achieved already by SS group switching.  Search space sets in different groups can have different  ALs configured, thus could be considered as a part of SS switching.

	ZTE,
Sanechips
	No 
	This is aimed to reduce BD and can be discussed in Redcap.

	Vivo
	No
	We think it is similar to BD reduction for power saving purpose in Redcap. It can be discussed in RedCap.

	Samsung
	No
	It can be achieved by SS set switching.   

	Intel
	No
	

	InterDigital
	No
	This can be achieved with SS switching.

	Ericsson
	No
	No need to discuss in Rel-17 UE power savings, especially if Redcap is already discussing such scheme.

	Qualcomm
	No
	This can be implemented with search space set switching.

	DOCOMO
	No
	This can be achieved by SS set switching.

	Spreadtrum
	No
	This can be achieved by SS set switching.

	MediaTek
	No
	We prefer to merge this design into the extension to SS set group switching.



2nd round discussion:

	Proposal 2.2.6:  
void

	Comments:
No consensus is achived so far. 
Companies thinks (1) can be part of SS switch (2) discussed in RedCap

	Suggestions for next step:
FL recommend to further discuss.



	Company
	Yes/No
	Comments

	Lenovo, Motorola Mobility
	
	Can be discussed as part of SS switching.

	Samsung
	
	It can be achieved by SS set switching. Also, we agree that it’s more appropriate to discuss in RedCap, which focus on blind decoding reduction.   

	LG
	
	It is expected to have power saving gain technically. Thus, rather than excluding AL adaptation itself, there seems be need to consider whether AL adaptation can be used in conjunction with other techniques.

	MediaTek
	
	Same reason as 1st round

	ZTE, Sanechips
	No
	BD reduction is being discussed in redcap.

	Nokia
	No
	As noted in last round, power saving through AL adaptation  can also be achieved via SS group switching (different groups have different ALs).  No separate item needed, but can be considered as a part of SS switching.



Others
1st round discussion:
	Company
	Yes/No
	Comments

	Nokia
	
	When considering UE initiated data activity, it would be benefitial from latency point of view to activate SS group with monitoring pattern of a higher frequency implicitely without need for additional PDCCH transmission. Also adaptation of uplink activity including CSI reporting and SRS transmission may be considered in conjunction of PDCCH monitoring periodicity.

	OPPO
	
	We should also consider the scheme with PDCCH skipping/SS switching jointly indicated with existing scheme, e.g. cross-slot switching as we disussed in our contribution.

	Samsung 
	
	For Rel-16 cross-slot scheduling based power saving technique, when PDCCH monitoring periodicity is less than the minimum scheduling offset, the power saving gain is limited due to the accumulated PDSCH buffering for multiple slots and limited micro-sleep duration.
We should consider ertainst of cross-slot scheduling, where UE can skip the PDCCH monitoring ertains indicated by the scheduling offset. 

	
	
	



2nd round discussion:

	Proposal 2.2.7:  
void

	Comments:


	Suggestions for next step:
FL recommend to further discuss on the specific proposals and waiting for any furtherquestions and comments.



	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	

	
	
	




Specification impact

The following triggering of DCI-based power saving adaptation during DRX ActiveTime are mentioned, 
Scheduling DCI triggering
Triggering power saving adaptation by scheduling DCI are mentioned by many companies. 
For SS set group switching, the Rel-16 NR-U adopts DCI format 2_0 using field SearchSpaceSwitchTrigger-r16 to trigger the UE to switch between search space set group 0 and 1. For licensed band, it is naturally to optimize that to include search-space group switching bit(s) in a UE specific scheduling DCI  instead of group-common PDCCH 2_0. And it is proposed by many companies [Apple,CATT,CMCC,E///,InterDigital,LG,MTK,Nokia,Panasonic,Qualcomm,Spreadtrum,Samsung,vivo,ZTE, 14 companies].
For PDCCH skipping, many companies mention that using  DCIfor skipping [HW, vivo, zte, intel,OPPO, CMCC, Spreadtrum, Apple, IDC, 9 companies].
One company [HW]  mentions for the active BWP, the maximum number of MIMO layers can be dynamically switched by L1 signaling with short switch delay.
Also, for the topic multi-PDSCH/multi-PUSCH scheduling,, companies mentions it can be triggered by scheduling DCI. [Lenovo][Panasonic]
Detecting scheduling grant
companies [OPPO][vivo][Spreadtrum] proposes to change PDCCH monitoring behaviours based on detection of scheduling grant.
Timer triggering
Timer based adaptation is also mentioned by some companies[vivo][Spreadtrum]. For example, a timer, which is similar to the timer searchSpaceSwitchingTimer-r16, can trigger the UE to switch between search space set group 0 and 1. 
Interact with HARQ for retransmission
Some companies propose to improve the PDCCH monitoring when interacts with potential HARQ retransmission [MTK][QC]. For axample,
[QC] proposes similar to the existing UE behavior for handling HARQ retransmission during the DRX operation, a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behavior.
[MTK] proposes retransmission-aware adaptation. For example, network sends the adaptation triggering in the scheduling DCI for the last TB of a packet. If PDSCH is received successfully, UE switches to power saving duration. Otherwise, UE stays in data-efficient duration. The retransmission-aware adaptation can reduce UE power consumption significantly. Compared to legacy behaviour, it can provide 40.2%, 34.3% and 60.8% of power saving gain for VoIP, FTP and data-intensive traffic, respectively in 4CC/FR2. The specification impact related to UE behavior is that UE goes to power saving ONLY when certain condition fulfils, network can send the indication before HARQ-ACK information reception. The condition can be configured by network and the simplest one is to check whether all HARQ processes are ACKed.
The following for DCI-based power saving adaptation during DRX ActiveTime can be considered when interact with HARQ retransmission, e.g.,
· timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behaviour.
· When a UE receives the pre-indication for power saving, the UE is permitted to apply the adaptation if the configured condition(s) fulfils and network configures the condition(s). For example, the condition can be whether all HARQ processes are ACKed
DCI format 2_6 triggering
companies [LG][vivo][Lenovo][Qualcomm][GDCNI] propose to use DCI format 2_6 to indicate adaptation of the PDCCH monitoring during next DRX cycle in the active time, e.g., adding bit(s) in DCI format 2_6 for skipping or SS switching. 
Joint indication vs independent indication
Besides independent indication of the Rel-17 DCI based power saving schemes in active time,  some companies propose to joint indication of the PDCCH monitoring adaptation with 
· cross-slot scheduling defined in Rel-16 [DoCoMo][OPPO] [MTK]
· Scell dormancy [MTK][CATT][Panasonic]
Others
One company [vivo] propose to switch SS set groupby detecting some UL transmission, e.g., SR / CG.
One company [OPPO] propose to further consider the mechanism based on the group common DCI. UE have to receive that special DCI format to do the switching, which is in parallel with scheduling DCIs. Similar to that, one compay [IDC] propose that go-to-sleep indication may be transmitted in the scheduling DCI or in a group-common PDCC.
In Rel-16, DCI format 2_6 is monitored out side active time, one company [LG] suggests to use DCI format 2_6 in active time to adapt the PDCCH monitoring.

1st  round discussion
Considering the simulation results and widely support on PDCCH skipping and/or Search space switching, the following are proposed.
Proposal 3:
The following is supported for DCI-based indication for ‘PDCCH monitoring adaptation’ in Rel-17,
· DCI indicate skipping PDCCH monitoring for a certain duration or until next DRX ON
· DCI indicate Search space set group switching 
· Note: Strive for common design for PDCCH skipping and Search space set group switching

	Company
	Yes/No
	Comments

	CATT
	Yes
	The main bullet is sufficient.  The sub-bullet could be discussed during work item.

	Lenovo, Motorola Mobility
	Yes in principle
	We suggest to remove the note and to discuss DCI based indication of skipping of PDCCH monitoring and search space group switching in more details.

	Huawei, Hisilicon
	Yes
	

	Nokia
	No
	Both scehemes address the same power saving mechanism, i.e. enable reduction of the PDCCH monitoring during the active time. Therefore we don’t see a need to specification of two overlapping schemes 
As we already support SS switching in Rel-16, and enables also UE autonomous adaptation of power saving (e.g. changing SS set group based on timer) similar to C-DRX, it would seem the  most efficient to enhance it further to facilitate the power saving gains.
Potential enhancements to SS switching could be unicast explicit search-space group switch trigger, as well as number of search-space groups could be increased form 2 to X, to enable  adjustment of monitoring to current traffic type. Potential additional implicit SS switching events could also be considered to reduce the need for explicit DCI commands.

	ZTE,
Sanechips
	Yes
	

	CMCC
	Yes
	

	Panasonic
	Yes
	

	Vivo
	Yes
	PDCCH skipping is also useful when gNB indicate to skip to next DRX cycle to save more power. And it is shown to much power saving gain. 
Switching to another monitoring period or skipping a cenrtain duration can be both achieved by SS switch mechanism. The only difference in our view is that whether the DCI command applies many times or just once, details can be discussed in work phase. 
Also, we think timer based switching to fallback is also useful for the sake of reducing PDCCH overhead. It can be part of the triggering mechanism discussion.

	Samsung
	Yes with modifcation
	We need to clarify the details of each schemes before agreeing on supporting them.
Two different schemes with overlapped functionalties should be avoided. For example, adaptation on PDCCH monitoring periodicity from 1 slot to 4 slots is equivalent to skipping PDCCH monitoring for 3 slots. 
Accordingly, we suggest following modification
Proposal 3:
One of tThe following is supported for DCI-based indication for ‘PDCCH monitoring adaptation’ in Rel-17,
· Alt 1. DCI indicate skipping PDCCH monitoring for a certain duration or until next DRX ON
· Alt 2. DCI indicate Search space set group switching 
Note: Strive for common design for PDCCH skipping and Search space set group switching

	InterDigital
	Yes
	Although we think SS switching is sufficient and more beneficial, we are open to support both schemes with a unified design. 

	Apple
	Yes
	

	Ericsson
	No
	We should first conclude on the need or no need for any enhancement and if so discuss the pros/cons of different candidates to identify the enhancements. 
Both schemes target the same power savings (PDCCH monitoring reduction) and which is already possible with several existing schemes including long DRX, long DRX+ short DRX, WUS, etc. The gains/overlaps over these existing Rel-15/16 schemes need to be considered, and the pros and cons of supporting both of the new schemes including any additional power savings obtained by enabling both schemes simultaneously, should also be discussed first. 


	DOCOMO
	Yes partially
	We are fine to support PDCCH skipping and SS set group switching. However, the note is not needed now since we do not see the details of each scheme. Also, we are not sure what “common design” means and it should be clarified. The specification effort for SS set group switching might be small since SS set group switching can be based on Rel-16 scheme, and hence both of SS set group switching and PDCCH skipping can be discussed and supported.

	Spreadtrum
	Yes
	

	MediaTek
	Yes in principle
	The intention to consider a common design can be understood since companies’ proposals for PDCCH skipping may assume “periodic” skipping after the last data scheduling of a data packet. It will be beneficial to agree on the UE behavior(s) the group think beneficial for power saving. For example, 

RAN1 to specify the following UE behavior(s) that is beneficial for connected-mode power saving enhancement:
· PDCCH monitoring reduction after the last data scheduling of a data packet/burst
· FFS: PDCCH monitoring reduction by skipping a pre-configured time duration or extended PDCCH monitoring periodicity
· FFS: DCI formats and the required extensions for triggering the adaptation.
· FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions

	Intel
	Yes
	Note is not needed



Revised FL proposal :
	Proposal 2.3-1:  
The following is supported for DCI-based indication for ‘PDCCH monitoring adaptation’ in Rel-17,
· DCI indicate skipping PDCCH monitoring for a certain duration or until next DRX ON
· DCI indicate Search space set group switching 
· Note: Strive for common design for PDCCH skipping and Search space set group switching

	Comments:


	Suggestions for next step:
Continue discussion.





Based on the viewpoints from all companies, it is proposed for triggering Rel-17 PDCCH monitoring adaptation as follows,
Proposal 4: 
· The following triggering schemes for Rel-17 PDCCH monitoring adaptation is supported,
· The PDCCH indication of PDCCH monitoring adaptation can be
· Scheduling DCI
· DCI format x_1
· DCI format x_2
· Non-scheduling DCI
· DCI format 2_6
· Unicast non-scheduling DCI, e.g., DCI format 0_1 and 1_1 for case 2 dormancy indication
· UE applies the PDCCH monitoring adaptation 
· after the application delay when the conditions are satisfied. FFS condition, e.g.,
· UE only applies PDCCH monitoring adaptation when ACK is transmitted
· a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behaviour 
· UE always applies PDCCH monitoring adaptation after the application delay
· FFS application delay
· Timer based adaptation to adapt PDCCH monitoring behaviour for the purpose of fallback, e.g.,
· A timer can trigger the UE to switch between a search space set group to a fallback search space set group.
· Strive for common design for DCI-based indication for PDCCH monitoring adaptation including PDCCH skipping and search space switching.

	Company
	Comments

	
	

	CATT
	We are OK to list all candidates. 

	Lenovo, Motorola Mobility
	Fine with the proposal in principle. We don’t see motivation/necessity for “Strive for common design for DCI-based indication for PDCCH monitoring adaptation including PDCCH skipping and search space switching”, so suggest to remove it. 

	Huawei, HiSilicon
	The following two options seem similar and duplicated:
· a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behaviour 
· Timer based adaptation to adapt PDCCH monitoring behaviour for the purpose of fallback, e.g.,
· A timer can trigger the UE to switch between a search space set group to a fallback search space set group.


	Nokia 
	Like noted earlier, we don’t agree specifying two features that aim to provide power saving gains through same process. As for SS switching it would seem rather straight forward to consider extending the existing indication in Rel-16 also to scheduling DCIs. For other DCIs it should be considered if there can be shown to be additional benefit. Timer based and other implicit mechanism could also be considered.

	ZTE,
Sanechips
	We are okay to list all the candidates proposed by companies.  Some minor changes are suggested as below
· The following triggering schemes for Rel-17 PDCCH monitoring adaptation is supported can be considered,

· Timer based adaptation to adapt PDCCH monitoring behaviour for the purpose of fallback, e.g.,


	CMCC
	Fine with this proposal.

	Panasonic
	We agree on the proposal.

	Vivo
	We are supportive to the proposal.
We support both DCI format x_1/x_2 indicates dynamic PDCCH monitoring behaviour adaptation in Active Time. Typical use case for DCI format x_2 is traffic with more intensive arrival rate, with support of DCI format x_2 to dynamically indicate ‘PDCCH adaptation’, it is beneficial to save power even for such traffic
We also support to indicate by unicast non-scheduling DCI, e.g., DCI format 0_1 and 1_1 for case 2 dormancy indication.
We  also support a timer for UE to be used for fallback  behavior, e.g., switching from group 1 to 0.


	Samsung
	The triggering method and application delay should be discussed separately. 
The last bullet is not needed. The power saving schemes will be discussed in Proposal #3. 
Accordingly, we suggest following modification.
Proposal 4: 
· The following triggering schemes for Rel-17 PDCCH monitoring adaptation is supported,
· The PDCCH indication of PDCCH monitoring adaptation can be
· Scheduling DCI, e.g.,
· DCI format x_1
· DCI format x_2
· Non-scheduling DCI, e.g.,
· DCI format 2_0
· DCI format 2_6
· Unicast non-scheduling DCI, e.g., DCI format 0_1 and 1_1 for case 2 dormancy indication
· UE applies the PDCCH monitoring adaptation 
· after the application delay when the conditions are satisfied. FFS condition, e.g.,
· UE only applies PDCCH monitoring adaptation when ACK is transmitted
· a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behaviour 
· UE always applies PDCCH monitoring adaptation after the application delay
· FFS details of application delay
· Timer based adaptation to adapt PDCCH monitoring behaviour for the purpose of fallback, e.g.,
· A timer can trigger the UE to switch between a search space set group to a fallback search space set group.
Strive for common design for DCI-based indication for PDCCH monitoring adaptation including PDCCH skipping and search space switching.

	InterDigital
	We are ok with the proposal.

	Apple 
	OK

	Eriscsson
	This is a list of potential candidates – so the main bullet should say “Study further ”. 
From our perspective, it can be discussed after concluding on the need or no need for any enhancement, and if so which ones to support/not support can be discussed further.

	DOCOMO
	Same comment as proposal 3.

	Spreadtrum
	Yes

	MediaTek
	We suggest to merge this list with previous one. One possible way is as follows:
RAN1 to specify the following UE behavior(s) that is beneficial for connected-mode power saving enhancement:
· PDCCH monitoring reduction after the last data scheduling of a data packet/burst
· FFS: PDCCH monitoring reduction by skipping a pre-configured time duration or extended PDCCH monitoring periodicity
· FFS: DCI formats and the required extensions for triggering the adaptation. Candidate DCI formats include DCI formats 1_1 (including case 2 format)/0_1, 1_2/0_2, 2_0, 2_6.
· FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions
· FFS: Application delay



Revised FL proposal :
	Proposal 2.3-2:  
The following triggering schemes for Rel-17 PDCCH monitoring adaptation is considered,
· The PDCCH indication of PDCCH monitoring adaptation can be
· Scheduling DCI
· DCI format x_1
· DCI format x_2
· Non-scheduling DCI
· DCI format 2_0
· DCI format 2_6
· Unicast non-scheduling DCI, e.g., DCI format 0_1 and 1_1 for case 2 dormancy indication
· UE applies the PDCCH monitoring adaptation
· after the application delay when the conditions are satisfied. FFS condition, e.g.,
· UE only applies PDCCH monitoring adaptation when ACK is transmitted
· a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behaviour 
· UE always applies PDCCH monitoring adaptation after the application delay
· FFS application delay
· Timer based adaptation to adapt PDCCH monitoring behaviour for the purpose of fallback, e.g.,
· A timer can trigger the UE to switch between a search space set group to a fallback search space set group.

	Comments:
Revised ‘support’ to ‘considered’.

	Suggestions for next step:
Continue discussion.



2nd round discussion
Companies’ preferences on the PDCCH skipping and search space switching is as follows,
PDCCH skipping: Huawei/HiSi, vivo, ZTE, CMCC, OPPO, Apple, MTK, Intel, APT, Lenovo/Moto, DoCoMo, Qualcomm, Sony (13)
Search space switching: vivo, GDCNI, CATT, LG, OPPO, Panasonic, InterDigital, MTK, [Nokia], APT, Lenovo/Moto, DoCoMo, Qualcomm, [Ericsson], Samsung(14)
The following is proposed,
	Proposal 2.3:  
RAN1 to specify the following UE behavior(s) that is beneficial for connected-mode power saving enhancement:
· Dynamic PDCCH monitoring adaptation within an active BWP by DCI indication 
· FFS: DCI formats and the nessasry extensions for triggering the adaptation. Candidate DCI formats include DCI formats 1_1 (including case 2 format), 0_1, 1_2, 0_2, 2_0, 2_6.
· FFS: PDCCH monitoring adaptationis performed by search space set group switching or PDCCH skipping
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)
· FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions
· FFS: details of application delay
· FFS: Timer based adaptation to PDCCH monitoring behaviour for the purpose of fallback

	Comments:
The original proposal 2.3-1(schemes) and 2.3-2 (triggering) is merged into a single proposal.
Many companies express their view that defining two features should be avoided. The proposed is strive to merger the proposals for SSS and skipping into a single one.

	Suggestions for next step:
Althogh we need to to agree on the observation of the simulation first, but companies commented on the proposal 2.3 with earlier suggestions are appreciated.



	Company
	Comments

	
	

	Qualcomm
	Since companies’ views on the candidate PDCCH monitoring adaptation schemes seem to be converged already, we think the first bullet may be rephrased:
· Dynamic PDCCH monitoring adaptation within an active BWP by DCI indication 
· At least one of the following candidate schemes is specified:
· Search space set group switching
· PDCCH monitoring skipping
· FFS: DCI formats and the nessasry extensions for triggering the adaptation. Candidate DCI formats include DCI formats 1_1 (including case 2 format), 0_1, 1_2, 0_2, 2_0, 2_6.
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)

	CATT
	We are OK with the proposal in principle.  We are OK without FFS point too or only one FFS: detailed techniques and indication of PDCCH monitoring adaptation are FFS.  

	Huawei, HiSilicon
	We are generally fine with the framework of the proposal. We have the following comments:
1. It would be too genral to just conclude dynamic PDCCH monitoring adaptation is supported. Considering the observations and simulations we did, we should focus on PDCCH skipping and SS set switching;
2. As we did in Rel-16, latency/UPT impact should be always taken as one of the importat criterial for the design. We would like to keep this to be agreed together;
3. We should not exclude the possibility to have an effort to have a merged solution at this state. We can put it in the FFS to resolve companies’ concern.
Please see our revisions:
Proposal 2.3:  
RAN1 to specify the following UE behavior(s) that is beneficial for connected-mode power saving enhancement:
· Dynamic PDCCH monitoring adaptation by PDCCH skipping and/or search space set group switching within an active BWP by DCI indication 
· Latency/UPT impact are to be used as the criterial for the scheme design
· FFS: DCI formats and the nessasry extensions for triggering the adaptation. Candidate DCI formats include DCI formats 1_1 (including case 2 format), 0_1, 1_2, 0_2, 2_0, 2_6.
· FFS: PDCCH monitoring adaptationis performed by search space set group switching or and PDCCH skipping could be merged as a single solution
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)
· FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions
· FFS: details of application delay
FFS: Timer based adaptation to PDCCH monitoring behaviour for the purpose of fallback

	Lenovo, Motorola Mobility
	Ok in principle. The contents in parenthesis may not be necessary, so suggest to remove.  
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)

We don’t think the following FFS point is necessary, since it is part of discussions for details of dynamic PDCCH monitoring adapation which is covered by the FFS point (FFS: PDCCH monitoring adaptationis performed by search space set group switching or PDCCH skipping)
· FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions


	Intel
	Fine with main bullet, with FFS: details as CATT mentioned

	Samsung
	We have added our view on preference to the above summary. 
We think it should be discussed first which technique is served for PDCCH monitoring adaptation between SS set switching and PDCCH skipping. The detailed signaling method can be discussed later as the next step since the details of signaling can be different depending on which technique is supported. If the intention of this proposal is to focus on triggering method only, following a set of FFSs can be removed at this stage.  
· FFS: PDCCH monitoring adaptationis performed by search space set group switching or PDCCH skipping
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)
FFS: Timer based adaptation to PDCCH monitoring behaviour for the purpose of fallback

	LG
	We think details of timer based adaptation can be further discussed and it is not limited to the purpose of fallback. So, we suggest a minor change as below.
· FFS: Timer based adaptation to PDCCH monitoring behaviour for the purpose of fallback

	OPPO
	We are fine with the proposals to put some details for, however, would be good to have more details between SS swiching and PDCCH skipping.

	Spreadtrum
	As mentioned by Qualcomm and HUAWEI, It it too genral to just conclude “dynamic PDCCH monitoring adaptation”. Based on the simulation results and previous discussion, at least PDCCH skipping and/or SS set switching should be concluded.

	CMCC
	Fine with the proposal.

	MediaTek
	Support moderator proposal since both SS switching and PDCCH skipping schemes can be included under dynamic PDCCH monitoring adaptation. In this way, the group can move on with more focused scope while leaving potential space for merging the two designs into a new dynamic scheme.

	ZTE
	We are okay with the proposal in principle. Some minor comments are as below.
(1) Regarding the 2nd sub-bullet of the 1st bullet, it is better to not preclude other solutions, such as combination of PDCCH skipping and search space set switching
(2) Regarding the 3rd sub-bullet of the 1st bullet, the search space set switch can achieve other adaptation than extending monitoring periodicity
(3) Regarding the last bullet, we agree with LG that timer can trigger other adaptation than“fallback”
To the end, the following update is suggested.
 
· Dynamic PDCCH monitoring adaptation within an active BWP by DCI indication 
· FFS: PDCCH monitoring adaptationis performed by search space set group switching or /and PDCCH skipping
· FFS: The adaptation is applied to an explicit time duration (i.e., PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)
· FFS: Timer based adaptation to PDCCH monitoring behaviour for the purpose of fallback


	Nokia
	We are not clear if the proposal is needed. As noted earlier, SS set group switching is supported in Rel-16 based on DCI (and timers), so from that perspective the proposal does not add anything new. Hence it would seem prudent to discuss further and identify what additional functionalities are needed for Rel-16 SS set group switching to achieve the quoted power saving gains.



Summary of the potential proposals
[High Priority]
Proposal 2.2.1: 
1. In addition to properly utilize Rel-15 and Rel-16 power saving solutions, the following schemes are beneficial for UE power saving.
13. PDCCH skipping
0. bydynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
0. The power saving gain for the scheme is observed as follows
0. For eMBB traffic ,
0. Mean/median range = (15.91% ~ 27.06%) / (15.00% ~21.6%) for FR1 1CC. (11 sources)
0. (31.94% ~ 41.19%)  for FR1 4CC. (1 source)
0. (6.26% ~ 26.88%) for FR2 1CC. (1 source)
0. (20.75% ~ 26.88%) for FR2 4CC. (1 source)
0. For VoIP traffic,
1. Mean/median range = (21.6% ~ 23.21%) / (24.08% ~25.85%) for FR1 1CC. (4 sources)
1.  (27.18% ~ 36.08%) for FR2 1CC. (1 source)
0. For intensive eMBB traffic,
2. Mean/median range = (11.52% ~ 14.87%) / (13.10% ~13.79%) for FR1 1CC. (5 sources)
2. (34.79% ~ 50.51%) for FR2 4CC. (1 source)
0. For IM traffic,
3. Mean/median range = (11.86% ~47.58%) / (11.86% ~47.58%) for FR1 1CC. (2 sources)
3. (9.6% ~ 74.13%) for FR1 4CC. (1 source)
13. Search space switching
1. bydynamically switching PDCCH monitoring periodicity
0. The power saving gain for the scheme is observed as follows ,
0. For eMBB traffic ,
0. Mean/median range = (11.18% ~ 16.28%) / (11.28% ~11.28%) for FR1 1CC. (7 sources)
0. (3.27% ~ 4.78%) for FR1 4CC. (1 source)
0. (20.90% ~ 34.28%) for FR2 4CC. (1 source)
0. For VoIP traffic ,
1. Mean/median range = (8.86% ~ 10.75%) / (8.22% ~8.22%) for FR1 1CC. (3 sources)
1. (35.73% ~ 40.19%)  for FR2 1CC. (1 source)
0. For intensive eMBB traffic,
2. Mean/median range = (13.72% ~ 15.45%) / (6.57% ~6.57%) for FR1 1CC. (3 sources)
2. (49.66% ~  60.75%)  for FR2 4CC. (1 source)
0. For IM traffic,
3. (1.36% ~ 7.19%) for FR1 1CC. (1 source)
3. (1.04% ~  9.92%)  for FR1 4CC. (1 source)
1. Note1: the values may be updated by further check and will be finalized in this meeting
1. Note2: The lower bound of the mean/median value range is calculated by averaging the lower bound of each companies’ value range of the power saving gain. The upper bound of the mean/median value range is calculated by averaging the upper bound of each companies’ value range of the power saving gain.
1. Note3: the above schemes may have some impact to UPT/latency within a tolerable range at least for eMBB/IM traffic.
1. Note4: the system overhead caused by the above schemes is similar compared to the legacy Rel-15/16 techniques, which does not brought up large impact to system performance.
1. Note5: detailed assumptions and results for each refers to [R1-12XXXXX]
 
 
[Medium Priority]
 
Proposal 2.3: 
RAN1 to specify the following UE behavior(s) that is beneficial for connected-mode power saving enhancement:
1. Dynamic PDCCH monitoring adaptation within an active BWP by DCI indication
23. FFS: DCI formats and the nessasry extensions for triggering the adaptation. Candidate DCI formats include DCI formats 1_1 (including case 2 format), 0_1, 1_2, 0_2, 2_0, 2_6.
23. FFS: PDCCH monitoring adaptationis performed by search space set group switching or PDCCH skipping
23. FFS: The adaptation is applied toan explicit time duration (i.e.,PDCCH skipping or search space switching) or applied continuously until another indication applies (i.e., search space switching by extended PDCCH monitoring periodicity)
1. FFS: How to minimize the impact to data scheduling for new transmissions and retransmissions
1. FFS: details of application delay
 
 
Proposal 2.1.1: The following ‘intensive eMBB traffic’ model is considered for Rel-17 Power saving evaluation,
3. Based on FTP Model 3
3. packet size: [0.1MB]
3. mean inter-arrival time: [30ms]
3. DRX configuration: (C-DRX cycle, InactivityTimer, onDurationTimer)  = [(20ms,10ms,5ms)]
3. Note : the model is applicable for DL and/or UL
Note: This does not preclude to use other traffic models and companies report which traffic model(s) is used

[bookmark: _Toc529948046]Summary of the previous agreements
RAN1#102-e
Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.

Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· [bookmark: _GoBack]PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.
Draft LS is approved (with generic RAN2 action), with final LS in R1-2007419.

Proposals from companies’ submitted contributions
	R1-2007602	Extension(s) to Rel-16 DCI-based power saving adaptation for an active BWP	Huawei, HiSilicon

	Observation 1: Existing DRX mechanism (including MAC-CE based termination of inactivity timer) and WUS indication cannot skip PDCCH monitoring in certain short durations.
Observation 2: For intensive eMBB traffic,
· Latency:
· MAC CE based solution introduces too much latency increment, therefore it is not suitable for intensive eMBB service, like video conference; 
· PDCCH skipping scheme (8ms skipped duration) configured with C-DRX mechanism provides the similar latency performance as WUS and cross-slot scheduling;
· PDCCH skipping scheme (16ms skipped duration) configured w/o DRX mechanism provides the similar latency performance as WUS and cross-slot scheduling with 20ms DRX cycle; it provides better latency performance than WUS and cross-slot scheduling with 40ms DRX cycle
· Power consumption: 
· PDCCH skipping scheme (8ms skipped duration) configured with C-DRX and PDCCH skipping scheme (16ms skipped duration) configured w/o C-DRX can provide additional (up to 15%) power saving gain than Rel-16/15 baseline(WUS + cross-slot); 
· Resource overhead:
· PDCCH skipping scheme (8ms skipped duration) configured with C-DRX has similar resource overhead than WUS + cross slot scheduling when C-DRX is configured;
·  PDCCH skipping scheme (16ms skipped duration) configured w/o DRX has slightly larger resource overhead than WUS + cross slot scheduling.
Observation 3: For VoIP traffic,
· Latency: All the solutions can fulfil the requirements of VoIP, i.e. 98%-ile latency is smaller than 50ms.
· Power consumption: 
· PDCCH skipping (8ms skipped duration) with DRX configured can provide further (~20%) power saving gain than Rel-16/15 baseline; 
· Resource overhead:
· PDCCH skipping (8ms skipped duration) with DRX configured has smaller resource overhead than MAC CE based solution and slightly higher overhead than WUS + cross-slot scheduling.
Observation 4: For FTP traffic with 200ms of mean inter-arrival time,
· Latency: 
· PDCCH skipping (8ms skipped duration) with DRX configured has the similar latency performance as WUS and cross slot scheduling;
· PDCCH skipping (16ms skipped duration) with DRX configured has slight latency increment compared with WUS and cross slot scheduling;
· Power consumption: 
· PDCCH skipping (16ms skipped duration) with DRX configured can provide similar power saving gain than Rel-16/15 baseline (WUS + cross slot scheduling); 
· Resource overhead:
· PDCCH skipping (16ms skipped duration) with DRX configured has similar overhead than WUS + cross-slot scheduling.
Observation 5: DCI based PDCCH skipping provides significant power saving gains and similar or even better latency performance compared with WUS and cross slot adaptation especially for intensive eMBB traffic and VoIP. 
Observation 6: BWP switching based adaptation of maximum MIMO layers may not applicable for RedCap UEs.
Observation 7: Dynamic adaptation of maximum MIMO layers is needed for power saving of RedCap UEs.
Based on the above observations, it is proposed that
Proposal 1: Extend DCI based power saving scheme to support PDCCH skipping in an indicated duration for power saving in Rel-17.
Proposal 2: Support dynamic adaptation to the maximum number of MIMO layers within the active BWP.


	R1-2007676	Discussion on DCI-based power saving adaptation in connected mode	vivo

	Observation 1: 
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously by search space set. This means UE need to blind decode both DCI formats in same time pattern. However, most services are asymmetrical in DL and UL. This will lead to power wasting due to unnecessary blind decoding for some DCI format.
Observation 2: 
It is necessary to support search space group switching without BWP framework for both RedCap UE and non-RedCap UEs, due to the following restrictions of BWP framework.
· In Rel-15 and Rel-16, the maximum number of configured BWPs for DL/UL per cell is 4. Besides BWP of different bandwidth and different maximum DL MIMO layers, the remaining BWPs to indicate different SS is scarce.
· For RedCap UEs, dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth.

Observation 3: In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. There are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.
Observation 4: Up to 11.52% and 31.6% power saving gain can be achieved by SS switching and PDCCH skipping schemes respectively.

Observation 5: For VoIP traffic, decoupling non-fallback DL and UL can reduce the number of DCI sizes monitored by UE thus 5.9%~8.9% power saving gain.
Proposal 1: Support decoupling the configuration of DL non-fallback DCI and UL non-fallback DCI monitoring for UE power saving.
Proposal 2: supporting both DCI format x_1/x_2 indicates dynamic PDCCH monitoring behaviour adaptation in Active Time.
Proposal 3: Support additional bit(s) to be configured in DCI x_1/x_2  to support dynamic ‘PDCCH adaptation’. The bit(s) can be 
· Alt a : bit indicate switching from one SS to another SS
· Alt b: bit indicate whether to skip the DRX cycle
· Alt c : X-bit to select among multiple values  of the number of slots for PDCCH skipping (X>1)
And the indication is independent from the dynamic cross-slot/same-slot scheduling or Scell dormancy indication.

Proposal 4: Define an application delay, UE applies the PDCCH monitoring behaviour adaptation immediately after the application delay
· Additionally, a timer-based adaptation can be used for fallback behaviours.
· Additional conditions for PDCCH monitoring behaviour adaptation.
· HARQ-ACK corresponding to the PDCCH, e.g., UE only applies PDCCH monitoring behaviour adaptation when ACK is transmitted.
· Right after DCI indication but start timer(s) to handle retransmission if required.

Proposal 5: A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms




	R1-2007701	Extension to Rel-16 DCI-based power sabing adaptation during DRX Active Time	GDCNI

	Proposal 1: DCI-based PDCCH monitoring should be considered.
Proposal 2: UE adapts PDCCH periodicity to be no smaller than Kmin.
Proposal 3: Study necessary enhancement to support multi-PDSCH/multi-PUSCH scheduling.
Proposal 4: Extend search space sets configuration to reduce PDCCH monitoring during active time.

	R1-2007870	PDCCH monitoring adaptation	CATT

	Observation 1: The significant power saving gain can be obtained via Pcell dormancy indication to dynamically reduce the PDCCH monitoring.
· For the FTP traffic, 19.21%~71.77% power saving gain can be obtained.
· For IM traffic, 11.19%~41.2% power saving gain can be obtained.
Observation 2: The power saving gain can be obtained for via the AL adaption dynamically indication. 
· For instant messaging traffic, FTP traffic and VoIP, the power saving gains are around 4%, 2.6%, 2.4% respectively in FR1, and around 9.6%, 6.7%, 6.4% respectively in FR2.
The proposals are summarized as follows:
Proposal 1: The PDCCH monitoring adaptation can be applied to dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of search space configuration.
Proposal 2: The existing DCI format 0_1 and 1_1 in Rel-16 are reused without introducing additional information field, in which the SCell dormancy indication field could be repurposed as the joint indication including the PDCCH monitoring adaptation for PCell and/or SCell dormancy indication.


	R1-2007974	Extension to Rel-16 DCI-based power saving adaptation during DRX Active Time	ZTE

	Observation 1: Even configured with power saving techniques specified in Release 15 and Release 16, most UE power is consumed by the PDCCH-only state. 
Observation 2: PDCCH skipping provides larger power saving gain than PDCCH switching. 
Observation 3: The configuration of DRX should be considered when determining the range of PDCCH skipping period.
Observation 4: When PDCCH skipping period is larger than DRX inactivity timer, the latency increases and almost no more power saving gain can be achieved.

Proposal 1: Power consumption in the PDCCH-only state should be further reduced. 
Proposal 2: PDCCH skipping should be considered to reduce PDCCH monitoring.
Proposal 3: DCI format 0_1 and DCI format 1_1 are preferred to be used to indicate PDCCH skipping.
Proposal 4: The maximum value of PDCCH skipping period should not be larger than DRX inactivity timer.
Proposal 5: A list of PDCCH skipping periods is configured by RRC, DCI is further used to indicate one PDCCH skipping period.


	R1-2008023	Discussion on PDCCH monitoring reduction during DRX active time	CMCC

	Proposal 1. The PDCCH monitoring skipping for a certain duration can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 2. DCI format 0_1/1_1 can be used to indicate the PDCCH skipping duration. The design of DCI indication method e.g., adding bits or re-purpose DCI fields can be further studied.
Proposal 3. Search space set grouping can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 4. Multi-PDSCH/PUSCH scheduling can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 5. RRC signalling can configure more than one SLIVs or starting symbol and lengths in one PDSCH/PUSCH time domain resource allocation.
Proposal 6. Multi-PDSCH/PUSCH scheduling can be applied both on Pcell and Scell, and both on UL and SUL carrier.

	R1-2008055	Discussion on DCI-based power saving adaptation during DRX ActiveTime	LG Electronics

	Proposal 1: Discuss whether and how the DCI format 2_6 outside DRX Active Time indicates PDCCH monitoring adaptation inside DRX Active Time.
Proposal 2: Consider supporting the following PDCCH monitoring adaptation techniques during DRX Active Time
· Search space set level activation/deactivation
· Search space set group switching
Proposal 3: For triggering PDCCH monitoring adaptation during DRX Active Time, the following DCI formats are considered for further discussion:
· Scheduling DCI (DCI format x_1, DCI format x_2)
· DCI format 2_6
Proposal 4: Discuss whether and how to define the monitoring window for DCI format 2_6 inside DRX Active Time.
Proposal 5: If the search space set level activation/deactivation or the search space set group switching is supported, the default SS set(s) which a UE always monitors or returns to monitor after a certain period of time for PDCCH monitoring adaptation should be considered for handling error cases.

	R1-2008267	Discussion on DCI-based power saving adaptation	OPPO

	Observation 1. Among the candidate solutions, the optimal PDCCH skipping by DCI can provide the best additional power saving gain over agreed reference cases with existing power saving techniques for the study. The search space sets group switching by DCI can also provide power saving gain over the reference cases.
Observation 2. The power saving technologies can provide additional power saving gain in some CA configurations.
Proposal 1: The new FTP models 3 for Gaming and Short Video IM could use 0.05 Mbytes packet size and 15ms mean inter-arrival time. Smaller Packet size like 0.01Mbytes can be also considered.
Proposal 2: Power saving enhancement consider the PDCCH monitoring adaptation schemes including:
Indicating Search Space group adaptation.
Indicating skipping of PDCCH monitoring occasions.
Autonomous PDCCH monitoring adaptation.
Proposal 3: In power saving mode with cross-slot minimum k0, The UE specific PDCCH search space monitoring periodicity can be matched to the current applicable minimum K0 values.
Considering the (min(K0)+1) as the monitoring periodicity.

	R1-2008289	Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime			Panasonic

	Proposal 1: The support of PDCCH monitoring reduction for traffic adaptation in time domain within active time should be studied.
Proposal 2: DCI based PDCCH monitoring adjustment on parameters in RRC parameters SearchSpace and ControlResourceSet should be studied for Rel.17 power saving enhancement. As an alternative, search space set group switching can be considered as an efficient solution.
Observation 1: Compared with PDCCH BD reduction, sparse PDCCH monitoring may provide better power saving gain.
Proposal 3: Multiple TB scheduling should be studied for Rel.17 power saving enhancement due to the power saving merit provided by sparse PDCCH monitoring.  

	R1-2008476	Enhanced DCI-based power saving adapation	Apple

	Observation: PDCCH skipping provide 13.8% to 21.6% power saving gain on top of R16 WUS and cross-slot scheduling in various DRX and traffic model setting 

Proposal 1:  Support of dynamic PDCCH monitoring skipping method in Rel-17 active mode UE power enhancement.
Proposal 2: Scheduling grant can be used to trigger PDCCH monitor skipping. In addition, timer based or non-scheduling DCI can be used to trigger PDCCH monitor skipping when there is no traffic to schedule.
Proposal 3: Consider enabling one PDCCH-WUS to skip more than one DRX cycles.


	R1-2008691	PDCCH-based power saving signal design considerations	InterDigital, Inc.

	Proposal 1: Search space switching/activation is adopted for DCI-based power saving adaptation during DRX Active Time.

	R1-2008711	DCI-based Power Saving Enhancements	Fraunhofer HHI, Fraunhofer IIS

	Proposal 1:	Study reusing the dynamic search space switching for power saving purposes. Evaluate switching triggers to minimize unnecessary switching.
Proposal 2:	Study PDCCH skipping indication in DCI in combination with the search space set switching.
Proposal 3:	Span gaps of multiples of a slot should be supported to reduce the BD burden of power saving UEs. Furthermore, the minimum scheduling constraint shall be adapted accordingly.
Proposal 4:	The PDSCH processing time shall be adaptable based on certain parameters, e.g. the minimum scheduling offset. Study further parameters that could be used for the adaption of the PDSCH processing time.

	R1-2008714	Power saving adaptation during Active Time	ASUSTeK

	Proposal 1: For comparing different PDCCH monitoring adaptation candidate, a power model with finer granularity could be developed for Rel-17.
Proposal 2: RAN1 further consider/compare PDCCH monitoring adaptation schemes studied in Rel-16, at least from the following two domain:
· time domain
· CCE domain

	R1-2008935	UE power saving enhancements for Active Time	Nokia, Nokia Shanghai Bell

	Observation: Adaptation of uplink activity including CSI reporting and SRS transmission may be based on search space set group switching and DCI-based PDCCH monitoring skipping command.
Observation: From latency point of view, it is benefitial if uplink activity related to indication of data buffer activates  the regular, i.e. more frequent monitoring.
Observation: With more intense traffic profiles the attainable gains from different power saving schemes are reduced.
Observation: SS switching and PDCCH skipping provide comparable gains in all evaluated scenarios.
Proposal: Study a need for potential enhacements to SS group switching in R17 to support better power saving functionality e.g. support of switching trigger in scheduling DCI.

	R1-2008966	Discussion on DCI-based power saving adaptation during DRX active time	MediaTek Inc.

	In this work, we first provide the power consumption analysis for different traffic types based on agreed evaluation baseline in Section 2. Then, we further discuss potential power saving enhancements and triggering schemes in Section 3 and 4, respectively. Based on the discussions above, we have the following observations and proposals.
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· Adaptation of PDCCH monitoring behaviours  
· Search space set group switching 
· PDCCH skipping which indicate to change PDCCH monitoring behaviour, e.g., 
· Dynamic adaptation to the maximum number of MIMO layers within the active BWP
· Decoupling non-fallback DCI for DL and UL scheduling, i.e., configure different SS for each, adaptively monitoring non-fallback UL DCI by SR
· Extend RB sets adaptation for PDCCH monitoring in frequency domain to licensed band
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· Apply adaptation only after HARQ ACK condition is fulfilled
· FFS other conditions.


	R1-2008994	On PDCCH monitoring reduction techniques during active time	Intel Corporation

	Observation 1: For C-DRX with IAT = 20ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  13 - 24% for cell edge UEs and 29 - 41% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-4% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 2: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  7 - 10% for cell edge UEs and 20 - 24% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-3% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 3: For C-DRX with IAT = 100ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  29 - 42% for cell edge UEs and 38 - 52% for cell center UEs with 6-10% UPT loss for cell edge UEs and 5-12% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 4: For C-DRX with IAT = 100ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  20 - 30% for cell edge UEs and 30 - 42% for cell center UEs with 5-8% UPT loss for cell edge UEs and 4-10% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 5: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  9-11% for cell edge UEs and 22-25% for cell center UEs with 0-12% UPT loss for cell edge UEs and 0-23% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.
Observation 6: For C-DRX with IAT = 40ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  0-11% for cell edge UEs and 8-17% for cell center UEs with 0-15% UPT loss for both cell edge and cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.  
Proposal 1: Support DCI-based PDCCH skipping signal in Rel17.
· Either Scheduling DCI format or DCI format 2_6 can be enhanced to include the indication.


	R1-2009056	Discussion on extension(s) to Rel-16 DCI-based power saving adaptation	Asia Pacific Telecom co. Ltd

	Observation 1: DCI-based PDCCH skipping scheme can achieve a tradeoff between low latency for data transmission and UE power saving.
Observation 2:  Search space set(s) group switching scheme is beneficial for PDCCH monitoring reduction. 
Observation 3: Dynamic change of PDCCH monitoring parameters can reach the same purpose as search space set(s) group switching. However, SS set group switching scheme can be reused from NR-U, which has less spec. impact.
Proposal: According to the observations, to achieve PDCCH monitoring reduction for power saving, RAN1 can consider the following schemes
· DCI-based PDCCH skipping
· Search space set group switching


	R1-2009107	Enhanced DCI based power saving adaptation	Lenovo, Motorola Mobility

	· Proposal 1: Support adaptation of a search space configuration in every DRX cycle via enhanced power saving DCI.
· Proposal 2: Study necessary enhancement to support multi-PDSCH/multi-PUSCH scheduling.
· Proposal 3: Support scheduling based dynamic PDCCH skipping during Active Time for power saving mode UE.

	R1-2009150	Discussion on power saving techniques for connected-mode UE	Spreadtrum Communications

	Proposal 1: The power model of WUS detection needs to be defined.
Proposal 2: The power consumption model of WUS should be developed and assuming certain number of BDs/CCEs. 
Proposal 3: No additional power model is needed for UL activity.
Proposal 4: Consider to specify PDCCH skipping.
Proposal 5：Consider to specify search space set group switching for eMBB in Rel.17. 

	R1-2009189	Discussion on extension to DCI-based power saving adaptation	NTT DOCOMO, INC.

	Observation 1: PDCCH skipping along with cross-slot scheduling can maximize the benefit of cross-slot scheduling.
Proposal 1: PDCCH skipping for a duration of the applicable minimum scheduling offset from PDCCH monitoring occasion should be supported.
Proposal 2: Enhanced search space set switching should be applied to licensed bands.
Proposal 3: DCI format 0_1 and 1_1 can indicate search space set group switching.
Proposal 4: Based on search space set group switching, some mechanism providing more flexibility on adaptation of the parameters related to PDCCH monitoring should be considered.
Proposal 5: Search space set level activation/deactivation should be considered.


	R1-2009203	Discussion on potential enhancements for power savings during active time	Ericsson


	Observation 1	Largest fraction of achievable UE power savings gains in active time are obtained by long-DRX.
Observation 2	UE PS gains/UPT loss due to SS-set switching are similar to those provided by short-DRX.
Observation 3	Shortening the on-duration can achieve similar UEPS gains/UPT loss compared to adding SS adaptation on top of long and short-DRX with longer on-duration.

Proposal 1	The Rel. 17 discussion should focus on methods that might reduce PDCCH energy consumption by reducing PDCCH monitoring in the time domain (e.g. SS-switching).
Proposal 2	Any new feature (if introduced) for DCI based power savings for active time should have minimum impact on the NW, acceptable standardization effort and show gains compared to techniques already agreed for Rel15/16.

	R1-2009268	DCI-based power saving adaptation during DRX ActiveTime	Qualcomm Incorporated


	Observation 1: Rel-16 search space set switching feature can be reused for Rel-17 connected-mode power saving.
Observation 2: Scheduling DCI-based PDCCH skip indication provides ~10% additional power saving gain over Rel-15 and Rel-16 power saving schemes, including DRX with Short and Long cycles, WUS, and cross-slot scheduling adaptation.

Proposal 1: A search space set switching mechanism by a scheduling DCI and/or DCI format 2_6 is considered as a Rel-17 connected-mode power saving scheme.
Proposal 2: Scheduling DCI-based PDCCH skip indication is considered as a Rel-17 connected-mode power saving scheme. During the indicated skip duration, the UE can still monitor PDCCH in a discontinuous manner to handle potential HARQ retransmissions.


	R1-2009299	On power saving adaptation during the DRX active time	Sony

	Proposal 1. RAN1 considers short term PDCCH skipping, where the UE does not monitor PDCCH for a few subframes and once the PDCCH skipping is complete, the UE returns to monitoring PDCCH.
Proposal 2. RAN1 considers long term PDCCH skipping, where the UE PDCCH monitoring behavior is adapted accorded to an ON / OFF pattern over multiple subframes.
Proposal 3: Allow higher layer signalling to pre-configure parameter sets for the UE, such as different PDCCH skipping configurations, where the DCI can be used to trigger use of one of those pre-configured parameter sets.

Proposal 4: RAN1 considers timer-based adaptation to PDCCH monitoring behavior, including skipping or monitoring set adaptation.


	R1-2008177	Discussion on DCI-based power saving techniques	Samsung

	Observation 1: Search space set group switching is the most generalized solution for achieving dynamic adaptation of PDCCH monitoring behaviour. 
Observation 2: For Rel-16 cross-slot scheduling based power saving technique, when PDCCH monitoring periodicity is less than the minimum scheduling offset, the power saving gain is limited due to the accumulated PDSCH buffering for multiple slots and limited micro-sleep duration.
Observation 3: With search space set group switching, power saving gain from 30%-32% is achieved for data-intensive traffic.
Observation 4: With dynamic adaptation on PDCCH skipping, power saving gain from 15%-18% is achieved for data-intensive traffic.
Observation 5: With dynamic adaptation for relaxed processing timeline, power saving gain from 25%-28% is achieved for data-intensive traffic.
Proposal 1: Support adaptation of PDCCH monitoring behaviour during DRX active time based on
- Search space set group switching
- PDCCH skipping for a duration indicated by minimum scheduling offset
Proposal 2: Support PDSCH processing time relaxation based on minimum scheduling offset.
Proposal 3: Support maximum MIMO layer adaptation without BWP switching.
Proposal 4: Support power scaling model of processing time relaxation over X slots such that P(X) = Ps + (Pt - Ps)/X, where Pt is the power without relaxation, and Ps is the power for micro-sleep. 
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A suggested work plan for connected-mode enhancement is proposed to be discussed in  [R1-2005614] as follows,
	Quarter
	Meeting
	Work plan

	Q3/2020
	RAN1#102-e
	Connected-mode enhancements:
· Evaluation methodology updates (based on TR 38.840)
· Identify candidate enhancements
LS evaluation methodology updates to RAN2

	Q4/2020
	RAN1#103-e
	Connected-mode enhancements (2nd & 3rd weeks):
· Conclude beneficial enhancement(s) for DCI-based scheme(s)

	Q1/2021
	RAN1#104
	Connected-mode enhancements:
· Specify enhancement(s) for DCI-based power saving scheme(s)

	Q2/2021
	RAN1#104bis
	Connected-mode enhancements:
· Specify enhancement(s) for DCI-based power saving scheme(s)
LS Initial RRC parameters to RAN2

	Q2/2021
	RAN1#105
	Connected-mode enhancements:
· Finalize enhancement(s) for DCI-based power saving scheme(s)
LS final RRC parameters to RAN2


Work Item Description
NR_UE_pow_sav-Core; WID in RP-200938. The objectives are as follows
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
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