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1. Introduction

The UE power saving study to target UE power efficiency for 5G NR UEs has been discussed, and the technical report is captured in TR38.840 (SI). A plenty of schemes are produced from the SI phase. The corresponding WI was agreed in [1]. The objectives are duplicated as below.
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

Note: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]
Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]

a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration  [RAN4]
Note: Switching on/off the RF is part of the evaluation
3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]
4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:

a) Study and select amongst the following UE assistance information for RAN2 by RAN#85:

power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].

NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts[RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers/SSB to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 

Note: 

The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85

· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  

· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed

· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity



This paper provides the analysis on the RRM impact on the power saving WI.
2. Discussion
· PDCCH-based power saving signal/channel
In RAN1#97, the following agreement was made regarding monitoring occasion for PDCCH based power saving channel:

	Agreements:

The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON

· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space

· FFS: The value and the range of offset


Furthermore, In RAN1#98, the following working assumption is agreed:

	Working assumption:

· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON


In our understanding, it is beneficial to support monitoring of more than one WUS occasions in the same slot or multiple slots, as the BLER of WUS is required to be lower than 0.1%. In LTE, WUS reception requirements are specified for eMTC. The required number of repetition of WUS signal are defined in section 4.7.2.3 in TS36.133. For NR power saving, the design of WUS monitoring occasions is under discussion in RAN1. Whether RAN4 needs to specify the WUS reception requirements for power saving depends on the RAN1 conclusion.
Proposal 1: Whether RAN4 needs to specify the PDCCH-WUS reception requirements for power saving depends on RAN1 conclusion.
In addition, it is agreed in RAN2,
	· RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)


It is clear that the even the PDCCH-WUS signal indicates UE doesn’t need to wake up to minitor PDCCH, the RRM measurement and RLM still be performed. 
Proposal 2: RRM and RLM requirements will not be impacted by PDCCH-WUS.
· MIMO layers adaption
WF [2] was approved in RAN4#91 meeting, the switching and interruption time of MIMO layer adaption was discussed based on the BWP switching framework. During RAN #84 meeting, the WID [1] was approved with the assumption that MIMO layer adaption is configured between initial/default BWP and configured BWPs. In last RAN4 meeting, RAN4 reached the following agreements:
	· It is RAN4 common understanding that Per-BWP maximum MIMO layer configuration is beneficial

· Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.

· The current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are reused for MIMO layer adaption when the maximum number of MIMO layers is adapted as a part of the BWP change. (case 1)

· Further study the switching delay and interruption requirements when only the number of maximum MIMO layer is changed in the BWPs before and after MIMO layer adaption. (case 2)


· e.g. the BWP center frequency, bandwidth and SCS… will keep unchanged during MIMO layer adaption. 

· no further relaxation of the requirement compared to BWP switching delay and interruption  for Type 1 and Type 2 UEs.

· The above bullets are for downlink MIMO layer adaption. FFS for UL.


It is concluded that the current BWP switching delay and interruption requirements are reused for MIMO layer adaption case 1. The requirements of MIMO layer adaption case 2 where only the number of maximum MIMO layer is changed between the switching-from and switching-to BWPs are still under discussion. The detailed analysis on case 2 is provided in [R4-1911886].
Proposal 3: RAN4 shall study the delay and interruption requirements of MIMO layer adaption. 
· RRM requirements in idle/inactive mode
From RAN4 RRM point of view, there are some potential schemes which can bring power saving benefit in idle mode.
· Reducing the frequency layer number, especially inter-frequency layers. 
Paging occasion is essential and can not be missed from UE point of view. In theory, UE can perform intra-frequency measurement during the paging occasion, which means that intra-frequency measurement doesn’t introduce extra large power consumption. 
However for inter-frequency measurement, UE needs to wake up additionally during DRX-OFF in order to avoid the degradation on the paging reception. Then the power consumption increases accordingly. Thus reducing the inter-frequency layers is a straight forward way. Of course, the number of inter-frequency layers depend on network configuration and deployment. 
Proposal 4: Reducing the inter-frequency layers for measurement in idle mode can bring power saving gain.
· Relaxation of measurement/cell identification/evaluation requirements.
In our understanding reducing the measurement samples during the measurement period is not expected. The current measurement accuracy shall be satisfied, otherwise the measurement results which are reported are not credible. Then relaxing the measurement periodicity can be considered. Intuitively the normalized power assumption is reduced when the measurement periodicity is extended. However this shall be a trade-off between the power saving and mobility performance. In RAN2 some potential schemes are under discussion. The relaxed measurement requirements are applied under certain conditions. The agreements in RAN2 are duplicated as below,
	Agreements 

· Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    

· UE may activate relaxed measurement criteria if at least any of the following conditions are met:   

· Serving Cell measurement does not change more than a relative threshold during a time period

· LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 

· UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold

· FFS: Whether neighbour cell RSRP should also be considered.


The relaxed requirements shall be further discussion in RAN4.
Proposal 5: RAN4 shall consider relaxed the measurement periodicity in idle mode and the condition of application of the relaxation measurement requirements depend on RAN2 progress.
· RRM requirements in connected mode

From RRM point of view, there are some consideration on the power saving in connected mode.

· Relaxation of measurement/cell identification/evaluation requirements. 
In connected mode, the PDDCH-WUS is configured jointly with DRX. With this scheme UE can skip PDCCH decoding in certain DRX-ON occasions. However as per the RAN2 agreements that the RRM measurements are not impacted by WUS, then UE needs to perform RRM/RLM measurements per DRX on. Actually compared with DRX-OFF most power were consumed when UE wake up to perform measurement. 
According to the current specified measurement requirements in connect mode, the measurement periodicity is basically based on the available samples. From power saving point of view, if the measurement periodicity is relaxed, UE has flexibility to choose the measurement opportunities, e.g., UE can skip the occasion where UE doesn’t need to perform PDCCH decoding indicated by PDCCH-WUS. Then the power is completely saved at this moment. 
Certainly the relaxation of measurement periodicity will impact the mobility performance. On which conditions and to what extent the measurement periodicity is relaxed are need to be evaluated.
Proposal 6: On which conditions and to what extent the measurement periodicity is relaxed in connected mode need to be evaluated in connected mode.
· Reducing the number of identified cells
When one measurement object is configured, UE needs to identify the cells on the frequency according to the UE’s capability. One idea from power saving SI is that the identified cell number can be reduced if UE is intend to save power. In our understanding, we don’t think UE has separate capability to adapt for different intentions. The capability of identified cell number is fixed. Furthermore there is risk if the identified neighbour cells are limited for mobility. It is risky if UE can not identify some cells at all, and it will impact the neighbour cell list update. Thus we suggest the current number of identified cells is reused for power saving.
Proposal 7: We suggest the current number of identified cells in connected mode is reused for power saving in connected mode.
3. Conclusions

This contribution provides the preliminary discussion on RRM impact on power saving. The proposals are provided as below:
Proposal 1: Whether RAN4 needs to specify the PDCCH-WUS reception requirements for power saving depends on RAN1 conclusion.

Proposal 2: RRM and RLM requirements will not be impacted by PDCCH-WUS.
Proposal 3: RAN4 shall study the delay and interruption requirements of MIMO layer adaption. 
Proposal 4: Reducing the inter-frequency layers for measurement in idle mode can bring power saving gain.
Proposal 5: RAN4 shall consider relaxed the measurement periodicity in idle mode and the condition of application of the relaxation measurement requirements depend on RAN2 progress.

Proposal 6: On which conditions and to what extent the measurement periodicity is relaxed in connected mode need to be evaluated in connected mode.
Proposal 7: We suggest the current number of identified cells in connected mode is reused for power saving in connected mode.
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