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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 the last meeting, it was agreed to support paging early indication before PO from RAN1 perspective. Figure 1 shows an example of paging transmission is indicated by PEI. 
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2.1. UE sub-group indication 
UE sub-grouping
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 a similar way, supporting UE sub-group indication, which allow UEs to skip PDSCH reception if there is no paging message intended, would be useful for NR power saving as well. In NR, a number of UE_IDs are assigned at a PO and a detailed indication of the paged UE (i.e. NG-5G-S-TMSI) is conveyed by the PDSCH scheduled by the DCI. Thus the Rel-16 NR UE that obtains PDSCH scheduling information by the paging DCI shall try to decode the scheduled PDSCH regardless of whether the UE is actually paged or not. 
According to the LS from the RAN2, it was confirmed that UE sub-grouping is considered as a candidate of paging enhancement. Also, it was noted that two candidates are prioritized for UE sub-group indication method. 
One of the candidates that can convey the UE sub-group information is a DCI for paging at a PO. In a DCI format 1_0 with CRC scrambled by P-RNTI, there are 6 reserved bits and they can be used to indicate UE sub-group indication; whether a UE’s associated UE sub-group is paged or not. Moreover, depending on the bit representation of short message indicator, short message field can be used to convey additional information for further sub-grouping. However it should be noted that UE cannot assume cross slot scheduling for paging with this method; UE should prepare same slot scheduling, which means preparing PDSCH decoding concurrently with PDCCH decoding, for paging reception regardless it is actually paged or not. According to the observation that was agreed in the last RAN1 meeting, up to 1.1% power saving gain can be expected with UE sub-group indication within a PO when group paging rate is 10%. 
Another candidate to inform the UE of sub-group indication is to use PEI that was agreed to support from RAN1 perspective in the last meeting. UE that monitors PEI does not need to prepare PDSCH decoding. Only the UE sub-group that is indicated by the PEI is required to monitor PO for PDCCH and PDSCH decoding, otherwise the UE sub-group can skip monitoring the corresponding PO. Figure 2 shows an example of UE sub-group indication using PEI and paging DCI. In Figure 2 (a), PEI conveys UE sub-group information. It is obvious that UE can turn into the deep sleep mode faster than other methods, so the best power saving gain can be expected among examples. In Figure 2 (b), PEI is used to indicate paging transmission but it does not convey UE sub-group information. In this example, UE should wake up both at PEI monitoring occasion and PO to check UE sub-group information. In Figure 2 (c), paging DCI conveys the UE sub-group information and PEI is not used in this example. Although it can save the power consumption due to the PEI monitoring, it still requires power consumption for PO monitoring as conventional paging UE.
Proposal 1: PEI can convey UE sub-group indication. 
· UE sub-group indication at a PO with same slot scheduling is not considered further.
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2.2. Paging Early Indication
DCI vs Sequence
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 monitoring the associated PO for saving unnecessary power consumption. To reduce the WUS monitoring duration due to the repetition number and reduce the implementation cost, NSSS based sequence design was adopted for MTC/NB-IoT WUS. 
To design efficient UE group indication for NR paging, different characteristics from LTE MTC/NB-IoT should be considered carefully. First, repetition is not used for PDCCH transmission and supporting extreme coverage level is not a target in NR power saving. Thus PEI with 1~3 OFDM symbols duration would not be enough for NR paging enhancement. 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. Moreover, as discussed in another section, it would be worth conveying various types of information for power saving efficiency. In these point of view, 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: Use DCI based paging early indication before a target PO to indicate to a UE whether to monitor the PDCCH scrambled with P-RNTI at the PO.

Information on PEI
As discussed in above sections, UE sub-group indication using PEI can improve UE power consumption efficiency significantly. When DCI based solution is adopted for PEI, one of the simplest way to design DCI field that convey UE sub-group indication is allocating one bit for each UE sub-group. In this case, each bit corresponding to a UE subgroup can indicate whether to wake up on the associated PO. Additionally, for more power saving efficiency, conveying additional information on PEI can be considered. 
In NR, short message field in paging DCI can be used to convey information on direct indication (e.g. ETWS/CMAS and SI update). The paging DCI can be used to convey short message only without scheduling information for paging message. To reduce the unnecessary wake up to check the short message only, containing the short message in the PEI can be considered. If so, even a UE that is not indicated to wake up by the PEI can get short message information without PO monitoring. 
According to the agreement in a previous meeting, cross slot scheduling for paging can be considered. If UE has prior information on the cross slot scheduling for paging message transmission, it can save unnecessary power consumption due to the preparing PDSCH reception. However, it should be noted that the cross slot scheduling of paging message may require additional resource overhead; PDSCH transmission for both legacy UE and cross slot scheduling capable UE should be guaranteed. In this point of view, dynamic indication of cross slot scheduling using PEI can be considered. Before discussing details, whether and how to support cross slot scheduling should be discussed first.
Another candidate that can be considered for PEI contents is an indication of actual transmission of TRS/CSI-RS for idle/inactive mode UEs. If method for indicating actual TRS/CSI-RS transmission is adopted, it would be beneficial to convey such information in PEI. However, whether and how to inform UE of the actual TRS/CSI-RS transmission should be discussed in other sub-agenda item. 
Proposal 3: Early paging indication should at least convey the information on UE sub-group indication and short message (and/or short message indicator). 
· FFS other power saving behavior (e.g. cross slot scheduling, TRS/CSI-RS indication)

DCI format
The paging information is carried by the paging DCI (i.e. DCI format 1_0 with CRC scrambled by P-RNTI). In terms of UE implementation complexity and specification impact, extension of paging DCI can be considered. For example, some reserved bits in the paging DCI can be assigned to convey PEI information, such as wake up and/or UE sub-group indication. Furthermore, if same DCI format and P-RNTI is used, a PO for other UE group can be used as a PEI occasion. If so, both PEI for one UE group and paging for the other UE group can be informed at once using a single DCI transmission without additional DL resource overhead. On the other hand, it should be noted that DCI size for PEI with this method is same with the paging DCI. So, number of SSB that is required for the time/frequency tracking and decoding performance for the PEI should be guaranteed to the same level as paging DCI decoding.
Alternatively, introducing new DCI format can be considered. If DCI format 1_0 with CRC scrambled by P-RNTI is used for PEI, maximum size of reserved bits which can be used for PEI is 6 bits only. Thus number of UE sub-groups that can be configured would be constrained by the number of reserved bits. Moreover, as discussed in a previous section, additional information other than UE sub-group indication might be useful for further UE power saving. To achieve better power saving gain with more PEI information, introducing new DCI format would be useful. Note that DCI size for the new format can be discussed further, and compact DCI format which have smaller size than paging DCI can be considered to obtain better power saving gain in terms of time/frequency tracking and decoding performance.
Proposal 4: Introduce new DCI format that conveys PEI information with smaller DCI bits than paging DCI.
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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.
Proposal 1: PEI can convey UE sub-group indication. 
· UE sub-group indication at a PO with same slot scheduling is not considered further.
Proposal 3: Use DCI based paging early indication before a target PO to indicate to a UE whether to monitor the PDCCH scrambled with P-RNTI at the PO.
Proposal 2: Early paging indication should at least convey the information on UE sub-group indication and short message (and/or short message indicator). 
· FFS other power saving behavior (e.g. cross slot scheduling, TRS/CSI-RS indication)
Proposal 4: Introduce new DCI format that conveys PEI information with smaller DCI bits than paging DCI.
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(a) sub-group indication by PEI (b) sub-group indication using paging DCI
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(c) sub-group indication using paging DCI
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