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[bookmark: _Ref165266342]Introduction
In 3GPP TSG RAN Meeting #86, a new SID on support of reduced capability NR devices (RedCap) was agreed [1]. One of the objectives in the SID is 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]


In this contribution, we discuss the potential directions for RRM relaxation enhancement for power saving.
Discussion
According to the SID[1], three typical use cases of RedCap devices need to be considered:
	[bookmark: _Hlk47521181]Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


As highlighted above, both industrial wireless sensors and wearables require much longer battery lifetime than smart phones. On top of the power saving mechanisms have been specified for smart phone in Rel-16, further enhancement should be studied at least for industrial wireless sensors and wearables use cases.
Proposal 1: Study of further UE power saving and battery lifetime enhancement should focus on both industrial wireless sensors and wearables use cases. 
According to our statistics for 4G smart phones and 4G smart watches, their time ratio of idle state is 80% and 90%, respectively. The difference in time ratio of idle state is because of the user habits and services types supported by different devices. We expect the time ratio of idle/inactive state for industrial wireless sensors are much higher than wearables since the battery needs to last at least a few years. Therefore, to improve the battery life for industrial wireless sensors and wearables, power saving enhancements for idle/inactive state is critical. 
Observation1: To improve the battery life, power saving enhancements for idle/inactive state are critical, since the industrial wireless sensors and wearables are in idle/inactive state for more than 90% of the time.
In Rel-16, RRM relaxation different scenarios were evaluated and discussed in the study phase. Finally, the RRM relaxation for neighboring cells (both inter-/intra-frequency) is specified for NR UEs which are not at cell edge and/or in low mobility state in Rel-16 Power Saving WI. However, no relaxation for serving cell RRM measurement was allowed. Actually, the RRM relaxation for serving cell has been evaluated and discussed in Rel-16 [2], but not been specified due to limited scope. 
Observation 2: In Rel-16 NR, RRM relaxation for neighboring cells is already specified while for serving cell has not been specified yet due to limited scope. 
In Rel-15, RRM relaxation for serving cells is specified for idle NB-IoT UEs, given regular RRM measurement for cell reselection is somehow considered as unnecessary for the devices which have limited mobility or stationary. With the enhancement, an idle NB-IoT UE is allowed to skip serving cell measurements and use WUS for synchronization up to at most 10.24 seconds, if it is configured with Wake-Up Signal (WUS), and the serving cell S criterion is met with at least 2 dB margin and the relaxed monitoring criteria for neighbor cells is fulfilled [3].
Observation 3: In Rel-15 NB-IoT, RRM relaxation for the serving cell has been introduced for limited mobility or stationary idle UE.
In many use cases of low-end RedCap (e.g. industrial wireless sensor), the UEs are stationary. In another RedCap use case (e.g. wearable), the UEs are in low mobility at least in some time duration such as when the user is at home at night or in the office during the day. In these use cases, the measurement relaxation for serving cell can be further considered for power saving as we have done for NB-IoT. Rel-16 RRM relaxation and the mechanism in NB-IoT can be considered as the baseline. 
Some initial evaluation of serving cell RRM relaxation in idle mode can be found in Annex. The simulation results show it is possible for RedCap UEs to process SSBs in serving cell once per 5.12 seconds and about 10% power saving gain can be achieved (details can be found in Observation 4@Annex).
[bookmark: _Ref40349698]Proposal 2: RRM relaxation for serving cell should be studied and specified for idle/inactive industrial wireless sensors/wearables which are stationary or in low mobility.
In study phase of Rel-16 Power Saving, RRM relaxation in connected mode has also been studied and evaluated. Considering potential impacts on UE mobility performance and limited scope in WI, it has not been specified. As discussed above, there are many stationary use cases for RedCap UEs. We can further consider RRM relaxation in connected mode in Rel-17 for stationary UEs.
Proposal 3: RAN2 to discuss whether to further consider RRM relaxation for stationary UEs in connected mode.
As the target for this objective is to study UE power saving and battery lifetime enhancement for RedCap UEs in applicable use cases (e.g. delay tolerant), power saving gain should be evaluated in the study item. The corresponding simulation should be based on the common power consumption modeling. As we know, RAN1 had extensive discussion on the power modeling in Rel-16 power saving during study item and work item phase. Thus, the modeling could be used as the baseline. In this way, RAN1 is more appropriate to evaluate the power saving gain for any potential power saving enhancement identified by both RAN1 and RAN2. Meanwhile, the performance impacts on mobility (assuming there is no mobility impact for stationary use cases) or latency should be considered. Thus, RAN2 can also make some evaluations based on the modeling extracted in RAN1. 
Proposal 4: Evaluation of power saving gain for RRM relaxation should be performed in RAN2 or RAN1 based on the common power model. 
Conclusions
In this contribution, we discuss the potential directions for RRM relaxation enhancement for power saving in RedCap. Based on the discussion, we have the following observations and proposals:
Proposal 1: Study of further UE power saving and battery lifetime enhancement should focus on both industrial wireless sensors and wearables use cases. 
Observation 1: To improve the battery life, power saving enhancements for idle/inactive state are critical, since the industrial wireless sensors and wearables are in idle/inactive state for more than 90% of the time.
Observation 2: In Rel-16 NR, RRM relaxation for neighboring cells is already specified while for serving cell has not been specified yet due to limited scope. 
Observation 3: In Rel-15 NB-IoT, RRM relaxation for the serving cell has been introduced for limited mobility or stationary idle UE.
Proposal 2: RRM relaxation for serving cell should be studied and specified for idle/inactive industrial wireless sensors/wearables which are stationary or in low mobility.
[bookmark: _Toc502437832]Proposal 3: RAN2 to discuss whether to further consider RRM relaxation for stationary UEs in connected mode.
Proposal 4: Evaluation of power saving gain for RRM relaxation should be performed in RAN2 or RAN1 based on the common power model. 
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Annex
Evaluation of serving cell RRM relaxation in idle mode
Our simulation assumptions and simulation cases are summarized in the following: 
· Simulation Assumptions:
· Paging rate = wake-up signal/channel (WUS) paging rate = 10%, referring to that the probability for WUS indicating the UE to wake up and receive paging PDSCH is 10%.
· The time-domain gap of SSB relative to Paging Occasion (PO) is 10ms.
· The gap between WUS and SSB is 0 or 3ms.
· No time gap between WUS and SSB
· 𝑃WUS= 𝑃PO = 𝑃SSB =50 power units/slot, where 𝑃WUS, 𝑃PO and 𝑃SSB represent the relative power of WUS, PO, SSB respectively.
· Scaled to a 20MHz receiving bandwidth from the 100MHz power model in TR38.840
· TWUS= TSSB = 2ms, where TWUS and TSSB denote the duration of WUS and SSB.
· One SSB per DRX cycle (paging cycle) is processed in high SINR case
· Simulation cases:
·  Rel-15 paging monitoring without WUS
· Case1: No serving cell RRM relaxation is assumed.
· Case2: 4x serving cell RRM relaxation, i.e. only one SSB is measured every four paging cycles.
· WUS for paging monitoring, no gap between WUS and SSB
· Case3: No serving cell RRM relaxation is assumed.
· Case4: 4x serving cell RRM relaxation, i.e. only one SSB is measured every four paging cycles.
· WUS for paging monitoring, the gap between WUS and SSB is 3ms
· Case5: No serving cell RRM relaxation is assumed.
· Case6: 4x serving cell RRM relaxation, i.e. only one SSB is measured every four paging cycles.
For Case 1, UE needs to receive SSB and monitor PO per paging cycle. For Case 2, with RRM relaxation, UE only perform SSB measurement every four paging cycles. As shown in Figure 1, in the last three paging cycles, power consumption is saved by skipping 75% of SSB processing and longer deep sleep duration can be obtained. 
Case 3 and Case 4 take WUS into account, but there is no gap between WUS and SSB. Because the WUS paging rate is 10%, we only consider the case that WUS indicates UE not to wake up to receive Paging in the PO. With RRM relaxation, only one SSB is measured every four paging cycles for Case 4. Reduced SSB measurement leads to longer deep sleep.
Case 5 and Case 6 take WUS into account, and the gap between WUS and SSB is assumed as 3ms with considering the WUS processing time. The other assumptions are no changed compared to Case 3 and Case 4.


[bookmark: _Ref40357111]Figure 1 Ilustration for four evaluation cases
According to the simulation assumptions, the simulation results are summarized in Table 1. Case 2 can achieve 13.4% power saving gain over Case 1 thanks to the RRM relaxation. When WUS is configured and no gap between WUS and SSB, Case 4 reduces 3.6% power consumption over Case 3. Besides, when WUS is configured and the gap between WUS and SSB is 3ms, Case 6 reduces 8.3% power consumption over Case 5. Therefore, it is beneficial to support serving cell RRM relaxation for high SINR RedCap UE in idle mode.
Table 1 Simulation results of RRM relax in high SINR case
	Cases 
	Average relative power per slot
	Power saving gain

	w/o WUS
	Case 1
	1.6975
	13.4% 
(case 2 over case 1)

	
	Case 2
	1.4709
	

	w/ WUS
no gap between WUS and SSB
	Case 3
	1.5367
	3.6% 
(case 4 over case 3)

	
	Case 4
	1.4814
	

	w/ WUS
the gap between WUS and SSB is 3ms
	Case 5
	1.627
	8.3%
(case 6 over case 5)

	
	Case 6
	1.4914
	



[bookmark: _Ref40349693]Observation 4: 3.6%~13.4% power saving gain can be observed if serving cell RRM relaxation is introduced for high SINR UE.
Compared with Case1, for case 2, UE does not need to receive SSB every paging cycle, and the power saving gain is achieved by skipping (N-1) SSB receptions every N paging cycle. Typically, UE receives SSB for synchronization to guarantee the reliable reception of paging PDCCH and PDSCH. However, the time drift caused by local oscillator is quite slow so that UE may still maintain good timing even if SSB receptions are skipped in several paging cycles.
Based on the time drift model as agreed in LTE eMTC/NB-IOT, we evaluated the time drift caused by oscillator after a number of DRX cycles. As shown in Table 2 that it is feasible for UE to process SSB every 5.12 seconds in order to maintaining good time synchronization, assuming 1/3 CP timing drift is acceptable. 
Table 2 Time drift due to oscillator with 5ppm frequency error
	Sync periodicity(s)
	0.32
	0.64
	1.28
	2.56
	5.12
	1/3 CP_length (30kHz)

	Time drift(s)
	
	
	
	
	
	



To investigate the demodulation impacts due to 1/3 CP timing drift, we performed the link-level evaluation as the following.
In the evaluation, we assume the receiver intercepts the time domain signal 1/3 CP ahead of the OFDM signal, as shown in Figure 2. Thus, even if UE suffers from time drift up to 1/3 CP length, the starting time of intercepted signal is still within CP duration, UE can still decode the DL transmission, e.g. paging PDCCH and paging PDSCH. We evaluated the performance of PDCCH and PDSCH with different starting time of intercepted signal, the evaluation assumptions are given in Table A-1 and A-2 in appendix, and the evaluation results are shown in Figure 3 and Figure 4.The results prove that a 1/3 CP timing drift is acceptable for paging reception.


[bookmark: _Ref40351994]Figure 2 Illustration of time domain signal interception for FFT transform at receiver
[image: ] [image: ]
[bookmark: _Ref40449575]Figure 3 Performance of PDCCH with different starting time of intercepted signal
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[bookmark: _Ref40449580]Figure 4 Performance of PDSCH with different starting time of intercepted signal
Note that, since NB-IoT UEs are low cost devices, the time drift caused by oscillator using the model in NB-IoT can be considered as the worst cases for Redcap UEs. Even if considering the worst case, UE are still allowed to receive SSB for synchronization every 5.12s with limited performance loss. In addition, considering the RRM relaxation can be applied to high SINR UEs, the performance loss due to sub-optimal timing is negligible.
[bookmark: _Ref40449700][bookmark: _Ref40349695]Observation 5: It is feasible for RedCap UEs to process SSBs once per multiple paging cycles, assuming 1/3 CP timing drift tolerance and NB-IOT/eMTC timing drift model, it is possible for UE to process SSBs once per 5.12 seconds.
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