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[bookmark: OLE_LINK13][bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In RAN#86, a WID on UE power saving enhancements was approved for Rel-17 [1]. Both RRC idle/inactive-mode UE and connected-mode UE are targeted for power saving enhancements. In order to facilitate the discussion, in this contribution, some initial discussion on the baseline assumption is provided for the discussion of Rel-17 power saving techniques.
	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 #100 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.
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Performance metrics
For the potential evaluations, at least the following metrics should be included.
· UE power saving gain: percentage of  power consumption reduction of the proposed power saving scheme from the baseline scheme
· Latency
· User throughput
In our view, the common performance metrics can be used for both RRC connected mode and idle/inactive mode evaluations. 
Proposal 1:  The following metrics are used for both RRC connected and idle/inactive mode power saving techniques:
· UE power saving gain
· Latency
· User throughput.
DRX configurations and Traffic models
The Rel-16 power saving mechanism of DRX mechanism should be taken as the baseline. For RRC connected mode, different configurations on C-DRX parameters should be considered in the use cases and be modeled in the evaluation. Another aspect is that different traffic model should be considered for power saving study. It is proposed to reuse the reference DRX configurations and the traffic model defined in TR 38.840 [2] for the potential UE power saving scheme evaluation. 
Proposal 2: At least reuse the reference DRX configurations and the traffic model defined in TR 38.840 if the UE power saving gain needs to be investigated. Other traffic model is not excluded. 
In addition, similar to assumptions in Rel-16, periodic background activity such as time/frequency/channel/beam tracking should also be considered, where the background activity processing periodicity is decided by max(DRX cycle, 160msec).
Proposal 3: Periodic background activities for time/frequency/channel/beam tracking processing should also be assumed for both RRC connected and idle/inactive mode.
Rel-16 power saving techniques
As stated in the WID [1], the power saving solutions supported in Rel-16 should be taken as the baseline in Rel-17. 
In RRC connected mode, two important power saving schemes have been introduced: PDCCH based power saving signal carried by DCI format 2_6 and cross slot scheduling. In our view, these two power saving solutions should be the baseline for the Rel-17 power saving enhancement. 
Proposal 4: In RRC connected mode, PDCCH based power saving signal and cross slot scheduling agreed in Rel-16 should be considered as baseline in the Rel-17 power saving enhancement. 
Due to these two power saving solutions, some new parameters are introduced and the relevant power consumption model needs to be defined accordingly. For example, for the DCI format 2_6, the monitoring time gap reported by UE and the power consumption value of monitoring the DCI format 2_6 need to be defined. For the cross-slot scheduling, proper values of the minimum scheduling offsets for K0 and/or K2 needs to be selected in the evaluation if needed.
Regarding the power consumption models, it is proposed to reuse the models in TR 38.840 in Rel-17 power saving enhancement.
Observation 1. For RRC connected mode, proper values for the following parameters need to be discussed and selected in Rel-17:
1) The monitoring time gap reported by UE for monitoring DCI format 2_6 before On Duration,
2) The values of the minimum scheduling offsets for K0 and K2.
Proposal 5: Reuse the existing power consumption models in TR 38.840 and add the following power consumption model in Rel-17:
1) The power consumption value of monitoring the DCI format 2_6. FFS: the specific value.
RRC idle/inactive mode
In the paging receptions, there is a paging false alarm issue that the P-RNTI is detected but PDSCH decoding results in no match for a UE. This cause the problem of unnecessary UE paging receptions. Thus, as stated in the WID [1], power saving enhancements can be discussed in Rel-17 to reduce unnecessary UE paging receptions.
Currently, to discuss the paging false alarm issue for R17 power saving enhancements, the group paging rate is suggested to be derived/calculated by the following two parameters: 1) p, the paging rate for a single UE, and 2) N, the number of UEs sharing the same PO. The specific values of p and N can be further discussed. 
Therefore, we have the following proposal.
Proposal 6: For the discussion of the paging false alarm issue for R17 power saving enhancements, the parameter of the group paging rate for a PO is modelled by the following two parameters: 1) p, the paging rate for a single UE, and 2) N, the number of UEs sharing the same PO. FFS: the values of p and N.
It is also stated in the WID [1] that some mechanisms can be specified to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs to reduce UE power saving. The motivation of such enhancements is that only the SSB can be used by UE to perform AGC/time/frequency tracking before paging monitoring and to perform RRM measurement in idle/inactive mode. However, measurements based on SSB consumes large power due to the following reasons: 1) the SS burst is sparse and is usually configured with the default periodicity of 20ms. If several SSB/SS burst sets are needed by UE to finish AGC/time/frequency tracking and/or RRM measurement, UE will pre-wake up multiple times or maintain a long time of light sleep to receive the SSBs. 2) In addition, when the PO and SSB are not aligned, UE cannot go to deep sleep between SSB and PO. Therefore, considering the network already configures some CSI-RS resources for connected-mode UEs, these CSI-RS resources can be indicated to idle/inactive-mode UEs to provide them additional opportunities to perform the AGC/time/frequency tracking and/or RRM measurement. 
To investigate the power saving gains of the potential enhancements, the SSB number for AGC/time/frequency tracking before PO may need to be assumed first. For different scenarios (e.g., high/low SINRs), different numbers can be adopted as the assumption. It can be assumed that the PO position is at the middle of two adjacent SS bursts. 
With respect to the power consumption model for RRM measurement, it is proposed to reuse the existing model in TR 38.840 for the discussion. 
Conclusions
Based on the analysis above, we have the following observation and proposals in regard of the evaluation methodology for Rel-17 power saving schemes:
Proposal 1:  The following metrics are used for both RRC connected and idle/inactive mode power saving techniques:
· UE power saving gain
· Latency
· User throughput.
Proposal 2: At least reuse the reference DRX configurations and the traffic model defined in TR 38.840 if the UE power saving gain needs to be investigated. Other traffic model is not excluded. 
Proposal 3: Periodic background activities for time/frequency/channel/beam tracking processing should also be assumed for both RRC connected and idle/inactive mode.
Proposal 4: In RRC connected mode, PDCCH based power saving signal and cross slot scheduling agreed in Rel-16 should be considered as baseline in the Rel-17 power saving enhancement. 
Proposal 5: Reuse the existing power consumption models in TR 38.840 and add the following power consumption model in 17 power saving scheme evaluations:
1) the power consumption value of monitoring the DCI format 2_6. FFS: the specific value.
Proposal 6: To evaluate the paging false alarm issue for R17 power saving enhancements, the parameter of the group paging rate for a PO in TR 38.840 is suggested to be replaced by the following two parameters: 1) p, the paging rate for a single UE, and 2) N, the number of UEs sharing the same PO. FFS: the values of p and N.
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