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Introduction
[bookmark: _Ref398821160]Due to frequent RRM measurement, UE consumes considerable power in RRM measurement processing. In order to reduce the power consumption and extend UE battery life, some potential optimizations should be investigated. In RAN1 #94bis meeting, there were some agreements reached in this topic as follows:
Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.
Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.
Agreements:
· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration

Following the discussion in last meeting, a few UE power saving schemes for RRM measurement are discussed and analyzed in this contribution. This contribution also outlines observations and proposals to make further technical comparison.
Discussion
In this section, several detailed UE power saving schemes for RRM measurement optimization will be discussed. Firstly, RRM measurement relaxation is addressed.   A few open issues, including RRM relaxation criterion and how to relax RRM measurement etc, are analyzed.  Secondly, UE RRM measurements to cause frequent wakeup are an unfavorable factor in the UE power consumption. How to reduce UE wakeup times for RRM measurement is one important aspect in the UE power saving. Thirdly, due to sparse SSB, introducing additional resource to assist RRM measurement is necessary for the UE power saving.
1.1 RRM measurement relaxation  
For RRM measurement relaxation,   it may provide power saving gain due to the reduced number of RRM measurements.  In RAN1#94bis, the relaxation of number of RRM measurements requirements has been proposed by many contributions [2][3][4]. One basic factor to be considered is how to guarantee the RRM measurement accuracy and mobility performance.  Regarding RRM relaxation implementation, at least the following two aspects should be considered 
· Which criterion is used for RRM relaxation triggering?
The criterion is the deciding factor in reflecting the effectiveness of RRM relaxation to the UE power saving. The low mobility UEs are the target UEs with the relaxation of RRM measurements requirements without performance degradation, due to slow channel variation. The UE speed or Doppler shift could be used as the reference for determining the UE mobility. The Doppler estimation would directly reflect the UE speed. The low Doppler shift would also imply small variation of the RRM measurements.  
Proposal 1: UE RRM relaxation triggering can be based on the Doppler estimation.

· Who makes decision for RRM relaxation?

The Doppler estimation would be done by both the UE and gNB. gNB needs to have the control of the measurement performance for mobility measurement.   eNB should have the full control of the trigger of  RRM measurements relaxation if the UE power saving gain is substantial. The relaxation of the RRM measurement is to reduce the number of RRM measurements within the measurement period.  The number and the time of RRM measurements depend on UE implementation. In RRC_CONNECT mode, NR network in Rel-15 has provided flexible configuration of RRM measurement setting. To align UE behavior, the possible specification impact would involve measurement procedure or measurement requirement. It needs further study on the indication of the relaxation of RRM measurements. 

Observation 1:  The relaxation of RRM measurements would be controlled by the gNB.  

Proposal 2:  It is further study on how gNB could determine the relaxation of RRM measurements and indicate to the UE to achieve power saving. 

Regarding the performance of RRM relaxation,  simulation has been perform to verify the RRM measurement performance associated with the number RRM sampling within 200 ms period. The simulation results of 1-5 samples RSRP measurement within 200 ms period are shown in Figure 1 with the assumption of UE speed at 3km/h and 30km/h and SNR at  -6dB.
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a) UE mobile speed=3km/h       b) UE mobile speed=30km/h
                                  Figure 1:  RSRP measurement accuracy in different sampling number

From the above result, the CDF curve in Figure 1 shows that the performance results of RSRP measurement of 2-5 samples are very closed for UE at 3km/h.  For 30km/h case, the performance results of RSRP measurements with 4 samples and 5 samples are closed.   The performance requirement in RAN4 assumes 5 sampling within 200ms. Based on RAN4 requirement [5], relative RSRP accuracy is +/- 2dB in normal condition. When the UE is in low mobility, the  number of RRM measurements could be reduced to less than 5 samples within 200 ms and  meet the RAN4 RRM performance requirements for the UE power saving  

Observation 2: When the UE is in low mobility, the  number of RRM measurements could be reduced to less than 5 samples within 200 ms and  meet the RAN4 RRM performance requirements for the UE power saving  
1.2 Localized RRM measurement 

When DRX is configured, UE RRM measurements are associated with the DRX cycle in both RRC_CONNECTED and RRC_IDLE/RRC_Inactive modes. The RRM measurement period is relaxed to associate with the period of the DRX cycle, e.g., 200ms period changed to N*DRX cycle, when long DRX cycle is configured. In RRC-IDLE mode, the RRM measurement performance requirement is specified for UE to make one RRM measurement per DRX cycle [5]. This requirement enforces UE to wake up even if no data coming.  This will lead to unnecessary UE power consumption.   The power saving signal is introduced to wake up the UE before the DRX ON at each DRX cycle only there is data for the UE as in[7],  UE is not necessary to wake up if no data coming. If UE doesn’t wake up at each DRX-ON period, UE would not have enough samples for the RRM measurements. 
One alternative solution to avoid frequent wakeup is to allow UE performing multiple RRM measurements (e.g. 5 measurements in a consecutive period) when UE is triggered to wake up at a given DRX-ON period. Then UE can do L1 filtering for multiple RRM measurements at one DRX-ON period. As a result, UE would finish RRM measurement in an active period with data arrival and continue sleeping after all. For instance, if SSB period is 5ms, the minimal RRM measurement duration is located in the first 25ms when 5 samples averaging are applied. If no available SSB or CSI-RS signals presence, additional resources could be configured to assist UE performing RRM measurements within short period of time to minimize the UE power consumption. UE needs to have pre-processing, such as power ramp up/down, synchronization and channel tracking procedure, in preparation of PDCCH decoding and RRM measurements at each wakeup to the DRX cycle. The pre-processing  leads to a big portion of UE power consumption. The proposed solution of configuring additional RS to assist UE RRM measurement can reduce the UE frequent wakeup for RRM measurement. If wakeup signal is configured, RRM measurement can be conducted together in data processing in one active period. In Figure 2, number of RRM measurement example is shown, in which some DRX cycles can accommodate multiple RRM measurements, and some DRX cycles will be skipped for RRM measurements due to no data coming.
In addition, in order to reduce RRM measurement time, it is possible to let UE to make multiple RRM measurement based on the combination of different RS, such as SSB, CSI-RS, DMRS and network assisted RS signals as long as the beamforming gain is the same. Using the combination of different RS signals allows UE to perform RRM measurements in a short period.  As a result, RRM measurement accuracy would not be degraded based on additional measurement samples.  The UE would be beneficial with low power consumption in RRM measurements. 

                            Figure 2:  RRM measurement based on active DRX cycle  

In order to evaluate the RRM performance impact due to DRX skipping, one simulation is conducted to emulate the periodic RRM measurement and random RRM measurement within one measurement period. Based on RAN4 requirement number of RRM measurements within 200 ms measurement period is 5. In periodic RRM measurement case, the interval between each RRM measurements is 40 ms.  For random RRM measurement,   5 RRM measurements are randomly distributed within 200 ms.   
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a) UE mobile speed=3km/h       b) UE mobile speed=30km/h
                                  Figure 3:  RSRP measurement accuracy in different sampling space

From the results in Figure 3, random RRM sampling can achieve same performance as that of evenly distributed RRM sampling.  In random RRM sampling case, multiple RRM measurements could be performed in one DRX-ON period and skipping RRM measurements at other DRX cycle.
Observation 3:  Random sampling of RRM measurements within a measurement period shows similar performance to that of regular RRM sampling.
Proposal 3:  NR should support multiple RRM measurements in one active period of DRX cycle for UE power saving purpose.  

Proposal 4:  NR should allow UE skipping RRM measurements at the DRX cycle without data.	
1.3 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Additional resource for RRM measurement  
Additional resource to assist UE RRM measurements in order to achieve UE power saving has been discussed in RAN1#94bis.  The benefits and the utilization of additional resource for RRM measurement needs to be addressed. , The main motivation of additional resource for RRM measurement is the misalignment of SSB/ CSI-RS with DRX cycle.  UE receivers needs to perform AGC and channel tracking after  waking up from long sleep before performing regular RRM measurement.  Due to sparse SSB periodicity, UE will have to wait for long time to get sufficient samples for AGC and channel tracking. That will cause significant UE power consumption. In [6], SSB and DRX cycle mismatching was raised as one big issue to increase RRM measurement power consumption.  The illustration of misalignment of SSB/CSI-RS and DRX is shown in Figure 4.
As shown in Figure 4, the sparse SSB with long periodicity is not aligned with the DRX cycle. UE needs to use more than one SSB sample to perform AGC and channel tracking before wakeup from deep sleep.  Due to misalignment of DRX-ON duration and SSB, UE has to wait for some slots to get the second SSB signal after DRX-ON starting. Hence, power consumption is further increased due to 2 SSBs spacing. In order to resolve this issue, one additional RS can be configured as in Figure 5. 

 
                                          Figure 4:  SSB and RRM measurement 



                                      Figure 5:  On-demand RS and DRX 


Compared to figure 4, on-demand RS in figure 5 will be used for the purposes of AGC training, channel tracking, and RRM measurement, and CSI measurement.  In order to fulfill multi-functionality, the RS duration could be longer.  When UE wakes up from sleep state to active state, UE can’t get sufficient RS samples to perform channel tracking and synchronization refinement, and CSI measurement as well.  The additional RS is turned ON only when UE is needed.  Thus, the additional RS configuration is considered as a type of on-demand RS. Since on-demand RS is configured to assist UE performing pre-processing and RRM measurements along the DRX cycle, the overhead is controllable.
Observation 4: Additional on-demand RS could be configured to assist UE performing AGC training, channel tracking, RRM measurement and CSI measurement after UE wakeup from long sleep. 
Observation 5:  The resource of on-demand RS is configurable.  The overhead is controlled by the network. 

Figure 6 shows the RSRP measurement performance with the additional on-demand RS resource, which may be configured at more than one slot. The RRM measurement performance with on-demand RS shows better performance than that of SSB signal in Figure 6. 
       [image: ]
                              Figure 6:  On-demand RS performance in RRM measurement in 30km/h
   
Proposal 5:  Support on-demand RS as additional resource in assisting UE RRM measurement, channel tracking and CSI measurement.  
Conclusions
This contribution discussed power saving schemes for RRM measurement, including RRM relaxation, localized RRM measurement and additional resource for RRM measurement. The observations and proposals are summarized as follows:
· Observation 1: The relaxation of RRM measurements would be controlled by the gNB.  
· Observation 2: When the UE is in low mobility, the  number of RRM measurements could be reduced to less than 5 samples within 200 ms and  meet the RAN4 RRM performance requirements for the UE power saving  
· Observation 3:  Random sampling of RRM measurements within a measurement period shows similar performance to that of regular RRM sampling.
· Observation 4: Additional on-demand RS could be configured to assist UE performing AGC training, channel tracking, RRM measurement and CSI measurement after UE wakeup from long sleep. 
· Observation 5: The resource of on-demand RS is configurable. The overhead is controlled by the network. 

· Proposal 1: UE RRM relaxation triggering can be based on the Doppler estimation 
· Proposal 2:  It is further study on how gNB could determine the relaxation of RRM measurements and indicate to the UE to achieve power saving. 
· Proposal 3:  NR should support multiple RRM measurements in one active period of DRX cycle for UE power saving purpose.  
· Proposal 4:  NR should allow UE skipping RRM measurements at the DRX cycle without data.
· Proposal 5:  Support on-demand RS as additional resource in assisting UE RRM measurement, channel tracking and CSI measurement. 
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Appendix     simulation parameters

	Simulation parameters
	values

	bandwidth
	20 MHz

	Channel model
	TDL-A 

	Subcarrier spacing
	30Khz

	SSB periodicity
	20ms

	On-demand RS
	· Density: 3RE/RB
· 1 port
· 2 symbols per slot
· whole bandwidth
· 2 slots within a RS resource

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP

	UE speed 
	                       3km/h, 30km/h

	SNR 
	                                -6dB
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