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1. Introduction
According to WID on UE Power Saving Enhancements, followings will be studied and specified in UE Power Saving Enhancements work item; 
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


In this contribution, we discuss and provide our view on potential paging enhancement for idle/inactive mode UE power saving.

2. Discussion 
In Rel-15 LTE, WUS was introduced to support MTC/NB-IoT UE in idle mode. When WUS is configured by eNB, UE can expect to receive paging at a PO if a WUS is detected within the corresponding WUS duration. If UE does not detect WUS within the WUS duration, it can skip to monitor PO for saving unnecessary power consumption. In addition, to enhance the UE power saving by reducing unnecessary wake up due to the other UE paging, group-WUS was introduced in Rel-16 LTE MTC/NB-IoT. 
In NR, a number of UE_ID is assigned at a PO and detail indication of paged UE (i.e. NG-5G-S-TMSI) is conveyed by PDSCH scheduled by the DCI. Thus the UE that obtain PDSCH scheduling information by the paging DCI shall try to decode scheduled PDSCH regardless the UE is actually paged or not. Likewise, in Rel-16 group-WUS in LTE, UE group indication for paging can be considered to reduce unnecessary wake up by the other UE paging. 
Proposal 1: To reduce unnecessary UE paging receptions, method for indicating UE group before PDSCH containing paging message should be considered. 
To design efficient UE group indication for NR paging, different characteristic from LTE MTC/NB-IoT should be considered carefully. First, repetition is not used for PDCCH transmission in NR. Thus using WUS without UE grouping in NR would not be useful. Also it should be considered that paging rate of normal NR UE would be much higher than MTC/NB-IoT UE. In MTC/NB-IoT, common WUS can be used to wake up more than one UE groups at the same time. The common WUS would be transmitted more frequently when UEs have higher paging rate, and it causes degradation of the benefit from UE group indication. So, sequence based solution for UE group indication is not preferable in NR. Instead DCI based UE group indication method can be considered for paging enhancement. Note that DCI based power saving scheme that can indicate UE dedicated information was introduced for UEs in connected mode in Rel-16 NR. Similarly assigning dedicated bits in DCI to UE groups can be considered for idle/inactive mode UE group indication. 
Proposal 2: Consider DCI based UE group indication for idle/inactive mode UE.
[bookmark: _GoBack]To support DCI based UE group indication, two types of candidates can be considered. The first one is to modify paging DCI (i.e. DCI format 1_0 scrambled by P-RNTI). In current paging DCI, there are 6 reserved bits which can be assumed regardless of short message indicator status. Also, in short message field of paging DCI, 5 bits out of 8 bits are not specified yet. These reserved bits are ignored by Rel-15 and Rel-16 UEs. So using reserved bits in paging DCI for UE group indication can be considered. In UE grouping method, capacity of the UE group differentiation should be considered carefully. It is obvious that unnecessary wake up probability would be reduced by assigning smaller number of UE_IDs per UE group. In the worst case, maximum 512 UE_IDs can be configured to monitor same PO. To support larger number of UE group, larger number of reserved bits in paging DCI should be used. However, it should be noted that consuming reserved bits in paging DCI would reduce the room for the forward compatibility. 
Observation 1: Maximum 512 UE_IDs can be configured to monitor same PO. 
Observation 2: Modifying paging DCI for UE group indication may degrade capacity of the forward compatibility.
The second one is to introduce a new wake up channel which contains DCI for UE group indication, which has the benefit of supporting a large number of UE groups for finer UE group granularity. For example, design principle of DCI format 2_6 can be considered as a baseline for the UE group indication DCI. It can be expected that larger number bits can be used for UE group indication in the new DCI compared to the method of modifying paging DCI. Also, resource configuration principle of LTE WUS can be considered for the monitoring occasion of the wake up channel. In this case, UE can determine whether to monitor corresponding PO or not based on the decoding result of the wake up channel. Moreover, if available, additional power saving functionality in the new DCI design can be considered, such as information of potential TRS/CSI-RS occasion and/or short messages.  
Proposal 3: Consider introducing DCI based wake up channel which conveys UE group indication.

3. Conclusion
In this contribution, we discuss and provide our view on potential paging enhancement for idle/inactive mode UE power saving. Proposals and observations in this contribution are summarized as follows.
Observation 1: Maximum 512 UE_IDs can be configured to monitor same PO. 
Observation 2: Modifying paging DCI for UE group indication may degrade capacity of the forward compatibility.
Proposal 1: To reduce unnecessary UE paging receptions, method for indicating UE group before PDSCH containing paging message should be considered. 
Proposal 2: Consider DCI based UE group indication for idle/inactive mode UE.
Proposal 3: Consider introducing DCI based wake up channel which conveys UE group indication.


