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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
In RAN1 #102 e-meeting, the following agreements were made of power model and others considerations for reduced capability UE [1].
	[bookmark: _Hlk49352463]Agreements:
· Further study the options for identification of RedCap UEs, including at least the following indication methods:
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission (subject to support of if 2-step RACH)
· Other options are not precluded.
· Note: This study intends to establish feasibility of, and pros and cons for the identified options from RAN1 perspective, without any intention of down-selection without guidance from RAN2.
Conclusion:
· RAN1 to wait for further progress in RAN2 on the issues of temporary access barring and congestion control
Conclusion:
· RAN1 to defer to RAN2 for further progress on studies regarding RRM relaxations and E-DRx for RedCap UEs to facilitate reduced UE power consumption. 

Agreements: For Redcap power consumption evaluation:
· Note that 2RX is assumed
	Power State
	Alt.4a 

	Deep Sleep (PDS)
	0.8

	Light Sleep (PLS)
	18

	Micro sleep (PMS)
	31

	PDCCH-only (PPDCCH)
	50 for same-slot scheduling, 
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	PDSCH-only (PPDSCH)
	112

	SSB/CSI-RS proc. (PSSB)
	50

	Intra-frequency RRM measurement (Pintra)
	·        [60]Note4 (synchronous case, N=8, measurement only)
·        [80] Note4 (combined measurement and search)

	Inter-frequency RRM measurement (Pinter)
	[60] Note4 (neighbor cell search power per freq. layer)
·       [15080] Note4 (measurement only per freq. layer)
·        Micro sleep power assumed for switch in/out a freq. layer





[bookmark: _GoBack]This contribution discusses the RRM relaxation. And the identification of RedCap UEs during early indication stage and access control parts are included in our companion’s contribution [2].
2. RRM relaxation for RedCap devices
2.1. Ratio of idle state for wearables
The user habits and services types for smart watches are different from smart phones. According to our statistics, the time ratio for UE in idle state is 80% and 90% for 4G smart phones and 4G smart watches, respectively, as shown in Figure 1. Therefore, to improve the battery life for wearables, idle-mode power savings are critical for RedCap UEs. 

Observation 1: IDLE mode power saving is critical for wearable devices. 
In Rel-16, RRM relaxation for neighboring cells (both inter-/intra-frequency) are specified, while no relaxation was allowed for serving cell RRM. Actually, the RRM measurement relaxation for serving cell has been discussed and studied [3] in Rel-16, but not been specified due to limited scope. However, in most of RedCap use case (e.g. industrial sensors, and video surveillance), the UEs are stationary. In these use cases, the measurement relaxation for serving cell can be further considered for power saving, especially for high SNR UEs. In the following, we present our views based on our evaluation of serving cell RRM relaxation in idle mode. In the RAN1 #102 e-meeting, the power model for RedCap UEs has been agreed [1]. Furthermore, high SINR scenario and stationary UEs are assumed. SSB processing for the purpose of synchronization and T/F tracking will be considered, and the RRM measurements for both intra-frequency and inter-frequency neighboring cells are not considered. 
2.2. Power saving gain 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
· Based on the power model given in [1] for RedCap UE with 2RX configuration, 𝑃WUS= 𝑃PO = 𝑃SSB =50 power units/slot, where 𝑃WUS, 𝑃PO and 𝑃SSB represent the relative power of WUS, PO, SSB respectively.
· We assume that in High SINR case, UE only needs to receive the best two POs associated to the corresponding SSBs from two beam directions. Hence, TPO = 1ms, where TPO denotes the duration of PO reception.
· 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 2, 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 2 Illustration 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 2: 13.4% power saving gain in IDLE mode can be observed if serving cell RRM relaxation is introduced for high SINR UE.
2.3. Evaluation of time drift caused by RRM relaxation
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 AGC and synchronization to guarantee the reliable reception of paging PDCCH and PDSCH. However, the channel condition would be stable if UE is stationary, and AGC does not need to be performed every paging cycle. Besides, 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 [4], 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 3. 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 4 and Figure 5.The results prove that a 1/3 CP timing drift is acceptable for paging reception.


[bookmark: _Ref40351994]Figure 3 Illustration of time domain signal interception for FFT transform at receiver
[image: ] [image: ]
[bookmark: _Ref40449575]Figure 4 Performance of PDCCH with different starting time of intercepted signal
[image: ][image: ]
[bookmark: _Ref40449580]Figure 5 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 3: It is feasible for RedCap UEs to process SSBs once per multiple paging cycles.
[bookmark: _Ref40349698]Proposal 1: Serving cell RRM relaxation for high SINR UE in idle state should be supported for RedCap UE.
3. Conclusion
In this contribution, we discuss the serving cell RRM relaxation for RedCap NR devices, and have the following observations and proposals:
Observation 1: IDLE mode power saving is critical for wearable devices.
Observation 2: 13.4% power saving gain in IDLE mode can be observed if serving cell RRM relaxation is introduced for high SINR UE.
Observation 3: It is feasible for RedCap UEs to process SSBs once per multiple paging cycles.
Proposal 1: Serving cell RRM relaxation for high SINR UE in idle state should be supported for RedCap UE.
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Appendix: Evaluation assumptions for paging PDCCH and PDSCH
Table A-1 Evaluation assumptions for paging PDCCH
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Channel model
	TDL-C Low

	Delay scaling
	100ns

	UE speed
	3km/h

	Subcarrier spacing
	30 kHz

	Antenna configuration
	2T,2R

	Channel estimation
	Real MMSE

	DCI size
	39 bits

	CORESET resource
	48 RBs and 2 symbols

	REG bundle size
	6

	Interleaver size
	2



Table A-2 Evaluation assumptions for paging PDSCH
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Channel model
	TDL-C Low

	Delay scaling
	100ns

	UE speed
	3km/h

	Subcarrier spacing
	30 kHz

	Antenna configuration
	2T,2R

	Channel estimation
	Real MMSE

	Modulation
	QPSK

	Code rate
	1/3 or 2/3

	Data allocation
	12 symbols per slot, 12 RBs allocated

	DMRS configuration
	single symbol, 1 front-loaded+1 additional



Figure 1 Time ratio of idle mode of wearable devices
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