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[bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]Introduction
In this contribution, we share our view on the power saving related work on power saving WI and RedCap SI. Furthermore, the RAN4 led topic of RLM and BFD relaxation is also discussed from RAN1 perspective.
Power saving for RedCap UEs
In both Rel-17 power saving enhancements WI and RedCap SI, power saving is one of the objectives. The objective related with power saving in REDCAP SI is as following:
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]



However, we need to emphasize that Rel-16 has already introduced power saving mechanisms including WUS indication, cross-slot scheduling based power saving, and BWP-based maximum MIMO layer(s) adaptation. As analyzed in our companion paper, the following Rel-16 features can be utilized by the RedCap UE:


[bookmark: _Ref47374244]Table 1 Analysis for R16 power saving techniques
	Power saving techniques
	Can be utilized by RedCap UEs
	Detailed analysis

	PDCCH based wake-up indication 
	YES
	1) When a RedCap UE is in CONNECTED mode, it can be configured with C-DRX to save power. Wake-up indication bit before the ON duration of C-DRX cycle can be used to skip PDCCH monitoring in the C-DRX cycle to save power.
2) Dormancy indication is not needed considering RedCap UE are not likely to support CA.

	Cross-slot scheduling 
	YES
	1) Cross-slot scheduling based power saving can provide the power saving gain by avoiding unnecessary DL OFDM symbol buffering and by relaxing PDCCH processing. 
2) Cross-slot scheduling may introduce little latency increment. However, RedCap UEs with power saving requirements are usually not latency tolerant. 

	BWP based maximum MIMO layer adaptation
	YES
	1) For 2Rx UE, gNB can switch UE to a BWP with maximum MIMO layer of 1 for power saving purpose. In this case, UE can utilize one single Rx chain for power saving. 

	SCell dormancy like behaviour
	NO
	1) Dormancy like behaviour is a scheme to reduce PDCCH monitoring on SCell(s). 
2) Due to the relatively low data rate requirement, there is no need to support CA in RedCap, thus dormancy like behaviour is not needed by RedCap UEs.

	RRM relaxation for neighbour cell
	YES
	1) RRM relaxation is already part of the RedCap SID, thus the RRM relaxation schemes in Rel-16 should be utilized as baseline for RedCap.

	UE assistance information
	YES
	In Rel-16, the following assistance information are specified:
· RRC Release Request, to avoid waiting for RRC release message from gNB for a long time
· Preferred C-DRX configuration, to make C-DRX configuration more suitable 
· Preferred max aggregated Bandwidth, to make BWP parameter more suitable 
· Preferred max number of MIMO layers, to make MIMO parameter more suitable for UE’s traffic
· Preferred K0min/K2min value, to make cross-slot scheduling parameter more suitable
It is useful to let UE report necessary information to gNB, thus the above assistance information can be utilized for RedCap UE.



For wearable devices, which are one important application of RedCap, they are expected to stay in IDLE/INACTIVE time for long time. The wearable devices usually have VoIP, instant message, and heartbeat traffic. The power consumption in IDLE/INACTIVE mode would significantly impact the battery life of the wearable device. Furthermore, UE supports the 20 MHz bandwidth for FR1, and on the other hand, eMBB in IDLE/INACTIVE state usually just needs to use 20 MHz bandwidth to cover the initial DL BWP. Therefore, the power saving for IDLE /INACTIVE mode UE in NR power saving WI is expected to be also utilized by RedCap UEs.
Observation 1: The power saving mechanisms for IDLE/INACTIVE mode UE specified in power saving WI can be utilized by RedCap UEs.
Regarding the connected mode UE, extension of DCI based power saving adaptation, including PDCCH skipping, monitoring periodicity adaptation, would be specified in power saving WI. The Rel-17 connected mode extension of DCI based power saving is also expected to be utilized by REDCAP UE 
Observation 2: The Rel-17 extension of DCI based power saving is expected to be utilized by RedCap UEs.

RLM and BFD relaxation 
[bookmark: OLE_LINK13]In RAN#86, it is agreed to further specify enhancements for UE power saving in Rel-17 on top of Rel-16 schemes [1]. For CONNECTED mode, RLM/BFD can be relaxed.
	2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
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



In this Section, the power consumption impact due to RLM and BFD are analyzed.
Way-of-working for RLM/BFR relaxation
Following the experience in Rel-16 power saving, the power saving gain and performance loss when RLM/BFD is relaxed should be provided to justify the benefit and feasibility. To do that, system level simulation may be needed. According to the WID, RAN4 is the only working group for the objective. So the first step is to let RAN4 to start the study. If it is proved that the relaxation is feasible and beneficial to power saving, then necessary trigger from RAN4 to RAN1/RAN2 is expected.
Proposal 1: System level evaluation in RAN4 is needed to evaluate the power saving gain and performance loss when RLM/BFD is relaxed.

Analysis on RLM/BFR relaxation
The UE procedures for BFD are almost the same as those of RLM, thus the following analyses can also be applied to BFD.
The UE procedures for RLM are specified in [2], which are summarized as following
1) UE receives the RS used for RLM, where the RS can be SSB or CSI-RS.
2) For each RS, UE processes it to get the radio link qualities, the metric of which can be RSRP, RSRQ, SNR, and etc. To get the qualities, the samples of the RS within a period of TEvaluate are filtered and processed. Depending on the RS is SSB or CSI-RS, and depending on the quality is used for OOS evaluation or IS evaluation, the value of TEvaluate can be different.
3) The qualities of each RS is compared with two thresholds Qout and Qin, where for SSB and CSI-RS the value of Qout and Qin can be different. 
4) Based on the result of the comparisons of all RS for RLM, PHY layer may send L1 indication to higher layer to indicate OOS or IS. PHY layer get the result of the comparisons once for every TIndication_interval.
[image: ]
[bookmark: _Ref46483216][bookmark: _Ref46483213]Figure 1 UE procedures for RLM.
The above procedures are also shown in Figure 1, where each blue block is a sample of SSB or CSI-RS, each red arrow is the timing for PHY layer to get the qualities and compare the qualities with thresholds. According to [2], the values of the two parameters are determined by the configuration of RS and DRX, and Tevaluate is usually much longer than Tindication (typically the value of TEvaluate is 10 times of that of TIndication_interval), this relationship is also shown in Figure 1.
Observation 3: The power consumption of RLM/BFD is impacted mainly by TEvaluate and TIndication_interval, which is determined by the configuration of the RS and DRX.
In RAN1 #102-e, [3] proposed that the RLM/BFD can be relaxed by increasing TIndication_interval. However, in our view, if only TIndication_interval is increased but TEvaluate is unchanged, UE may not be able to relax the measurement. As shown in Figure 1, UE may need to receive all the samples (i.e. the blue blocks), and process to get the radio link qualities. As shown in Figure 2, although the TIndication_interval is increased, all the samples needs to be received by the UE, since all of them are still covered by the ‘window’ of TEvaluate, which implies that all the samples should be received and processed. Instead, as shown in Figure 3, if TIndication_interval is increased and TEvaluate is decreased simultaneously, UE can skip receiving some samples (i.e. the gray blocks), then UE can save power by receiving less DL signal. One drawback of the method in Figure 3 is that less samples are used for evaluation, which may have impact on the accuracy of the estimation result of channel condition. So this method may only be used when the channel changes slowly.

[image: ]
[bookmark: _Ref51417936]Figure 2 The TIndication_interval is increased but TEvaluate is unchanged.
[image: ]
[bookmark: _Ref51418146]Figure 3 The TIndication_interval is increased and TEvaluate is decreased.

To ensure the number of samples is sufficient, another possible way to relax RLM/BFD is to increase the periodicity of RS. According to [2], in most cases the values of TIndication_interval and TEvaluate are calculated based on the periodicity of RS. When the periodicity of RS is increased, the values of TIndication_interval and TEvaluate also increase accordingly. As shown in Figure 4, at least from UE perspective the periodicity of RS is doubled, i.e., UE will not receive RS in the occasions represented by dotted blocks. Then the number of samples UE actually receives is reduced, while the number of samples corresponding to a TIndication_interval or a TEvaluate is unchanged. It should be clarified that from gNB perspective, the RSs in dotted blocks are still transmitted. Only the UEs which relax RLM/BFD can get the opportunity to receive less signal.
[image: ]
[bookmark: _Ref51420141]Figure 4 The periodicity of RS is increased.
Proposal 2: If it is justified that RLM/BFD relaxation is feasible and beneficial to power saving, the following two methods can be used for relaxation:
· Increase TIndication_interval, and decrease TEvaluate simultaneously.
· Increase the periodicity of RS used for RLM/BFD from UE perspective.
If UE can reduce the number of RS samples for RLM/BFD, the power consumption of RLM/BFD can be reduced accordingly. However, just like the RRM relaxation in Rel-16, the power consumption reduction may be with the cost of performance loss. For example, if RLM/BFD is relaxed, the radio link/beam quality may be already very bad, but UE does not realize it in time. So the potential relaxation can only be used under certain condition (e.g. the downlink radio/beam link quality is good enough, and/or the downlink radio/beam link quality nearly does not change), and should be under gNB control. Similar as triggering criteria for RRM measurement relaxation, some criteria for RLM/BFR relaxation need to be defined and configured by the gNB.
Proposal 3: If it is justified that RLM/BFD relaxation is feasible and beneficial to power saving, the enhancement should be under certain condition, e.g. the downlink radio/beam link quality is good enough and/or nearly does not change.
Conclusions
In this contribution, we share our view on the power saving related work on power saving WI and REDCAP SI. The RAN4 lead topic of RLM and BFD relaxation is also discussed from RAN1 perspective. Based on the analysis, we have the following observations and proposals:
Observation 1: The power saving mechanisms for IDLE/INACTIVE mode UE specified in power saving WI can be utilized by RedCap UEs.
Observation 2: The Rel-17 extension of DCI based power saving is expected to be utilized by RedCap UEs.
Observation 3: The power consumption of RLM/BFD is impacted mainly by TEvaluate and TIndication_interval, which is determined by the configuration of the RS and DRX.
[bookmark: _GoBack]Proposal 1: System level evaluation in RAN4 is needed to evaluate the power saving gain and performance loss when RLM/BFD is relaxed.
Proposal 2: If it is justified that RLM/BFD relaxation is feasible and beneficial to power saving, the following two methods can be used for relaxation:
· Increase TIndication_interval, and decrease TEvaluate simultaneously.
· Increase the periodicity of RS used for RLM/BFD from UE perspective.
Proposal 3: If it is justified that RLM/BFD relaxation is feasible and beneficial to power saving, the enhancement should be under certain condition, e.g. the downlink radio/beam link quality is good enough and/or nearly does not change.
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