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1 Introduction

This document discusses the WI scope revisions on NR UE power saving, based on the outcome of the recent progress of work item in RAN1 [1], RAN2 [2] and RAN4 [3].      
2 Discussion 
This contribution mainly discusses two power saving schemes: PDCCH based power saving signal/channel for CA/DC case, and UE assistance information.
1) PDCCH based power saving signal/channel for CA/DC case
In the current WID [4], there is a Note regarding the power saving techniques for CA and DC.

	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


In our understanding, the note means that if there was good progress on SCell dormant behaviour in MRDC item, e.g. dormant behaviour can be supported, then RAN can re-consider to include power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC into the WI scope of power saving.

In RAN1 #98, the following agreement was made.

	Agreements:

· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported

· ‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 


The function of “dormancy-like behaviour by L1 signalling” is supported, and the details are FFS. Generally speaking, the discussion in MRDC mainly focuses on the techniques within Active Time, i.e., the indication is transmitted when OnDuration Timer or Inactivity Timer is running. However, if the indication can be transmitted outside Active Time, i.e. before OnDuration, it can be more efficient and clean since the UE can monitor part of the activated cells from the beginning of OnDuration, which leads to more power saving gain. The PDCCH based power saving signal/channel is an indication that can be transmitted outside Active Time, it is reasonable to further extend the WI scope to include enhancement to reduce PDCCH monitoring on activated SCells.

Observation 1: dormancy-like behaviour by L1 signalling is supported in MRDC. A similar mechanism using PDCCH based power saving signal/channel as an indication that can be transmitted outside Active Time should be included in power saving WID.

In the Note of [4] it is mentioned that the enhancements “do not violate the general principle of single DRX configuration per MAC entity”. Based on our analysis, the restriction can still be satisfied when SCells are indicated in PDCCH based power saving signal/channel. 

In Rel-15, C-DRX is configured per UE, which means that the same C-DRX configuration is applied to all the serving cells configured to the UE. All the serving cells of the UE share the same set of timers, such as ON duration Timer, InactivityTimer, HARQ-RTT-Timer and so on. From the perspective of a MAC entity, when it is waken up, it only indicates the PHY layer whether to monitor PDCCH or not on the following associated ON duration. Physical layer can further differentiate the PDCCH monitoring on different cells according to the WUS DCI indication for additional power saving gain, which can be transparent to the MAC layer. If the PHY prioritizes the indication for not monitoring PDCCH on the serving cells in the PDCCH based power saving signal/channel over the MAC layer's indication, e.g. the running of ON duration timer, then the UE can reduce PDCCH monitoring on SCells without impact to RAN2 spec. In this case, the MAC entity is woken up when at least one serving cell is indicated to be monitored. The serving cells to be monitored are determined by the PDCCH based power saving signal/channel, which is handled by PHY layer.

Observation 2: The indication of serving cells in PDCCH based power saving signal/channel can be handled by PHY layer and will not violate the general principle of single DRX configuration per MAC entity.

Proposal 1: Specify power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC.
2) UE assistance information

In RAN2 #107 [2], the following agreements are made.

	Agreements:

· UE assistance reporting follows Rel-15 UE assistance information procedure as a baseline.  The network can configure the UE to be able to report C-DRX UE assistance. The UE reports only the configured UE assistance information that triggered the report. 

· C-DRX configuration will be provided in UE assistance. Include the following DRX configuration parameters in UE assistance: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset 

· BWP and SCells UE assistance there is not enough consensus.  

· LTE PPI is excluded from UE assistance


The UE assistance information for C-DRX is agreed, but there is not enough consensus for UE assistance information of BWP and SCells. The reason why BWP and SCells are not supported yet is because some companies think that the active BWP and SCells can be determined based on the buffer status of gNB. However, in our opinion, the assistance information of BWP and SCells is beneficial on top of gNB’s buffer status.
There are different types of UEs, and even a single UE can be operating in different conditions. Some UEs, e.g. stationary UE or UE being charged, may not have the requirement to save power even if the traffic is light. For these UEs, it is better to keep large BWP or more activated cells to handle the potential bursty traffic. But for some other UEs, e.g. whose battery is almost empty, even if there is traffic the UE still desires less power consumption. Therefore, if the gNB treats all kinds of UEs following a single simple rule, it is not a reasonable solution. Basically, the motivation for UE reporting assistance information is to provide information that the gNB cannot obtain or it is difficult to obtain. If the UE can further provide the information on BWP and SCells, the gNB can take the information as one of the inputs to make the final decision. The signalling design is not complex, since for the over-heating issue, the UE can already report BWP and SCell related information, e.g. the aggregated bandwidth and the number of SCells. It is straightforward to also support BWP and SCell related information in power saving. The standardization effort is small. 
Proposal 2: Specify the procedure to enable the UE to report assistance information for frequency domain including BWP and SCell related information.
3 Conclusion

This paper discusses power saving schemes considered in the UE power saving study item. Our views on the work item scope update are provided based on the observations and conclusions from the power saving study item.
Observation 1: dormancy-like behaviour by L1 signalling is supported in MRDC. A similar mechanism using PDCCH based power saving signal/channel as an indication that can be transmitted outside Active Time should be included in power saving WID.

Observation 2: The indication of serving cells in PDCCH based power saving signal/channel can be handled by PHY layer and will not violate the general principle of single DRX configuration per MAC entity.
Proposal 1: Specify power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC.
Proposal 2: Specify the procedure to enable the UE to report assistance information for frequency domain including BWP and SCell related information.
The proposed WI modifications are:
4) Specify the mechanism to provide UE assistance information [RAN2, RAN1]:

a) 
b) UE's preference on C-DRX configurations including long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer , 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 power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC
a) Reuse L1 signaling for ‘dormancy-like’ behavior in PDCCH-based power saving signal/channel 
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