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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]; 
	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


In this contribution, we discuss and provide our view on potential paging enhancement for idle/inactive mode UE power saving.
2. Discussion
2.1. Information on PEI 
UE sub-group indication
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 PDCCH shall try to decode the scheduled PDSCH regardless of whether the UE is actually paged or not.
According to the agreement in a previous meeting, UE sub-group indication over PEI and/or paging PDCCH can be considered further. 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 a previous 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 a previous 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 1 shows an example of UE sub-group indication using PEI and paging DCI. In Figure 1 (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 1 (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 1 (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. According to the observation that was agreed in the last RAN1 meeting, up to 46% power saving gain can be expected with UE sub-group indication carried in PEI when group paging rate is 10%.
Observation 1: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.
Furthermore, UE sub-group indication using both PEI and paging PDCCH can be considered. For example, carrying part of the UE sub-group information in the PEI and the remaining part in the paging PDCCH. This approach may be useful if PEI is not enough to afford conveying sub-group information. However, since UE sub-grouping using PEI shows better power saving gain than paging PDCCH based solution, using PEI for UE sub-group indication should be discussed first with higher priority. 


[bookmark: _Ref54371690]Figure 1
According to the LS from RAN2, two types of UE sub-grouping method can be supported for power saving mechanism. The first one is UE_ID based sub-grouping which has been investigated in RAN1 evaluation works. Several observations in previous RAN1 meetings show that UE_ID based UE sub-grouping at PEI can bring additional power saving gain especially when the group paging rate is relatively high. Note that supporting Rel-17 power saving features for RedCap UE should be considered, and higher group paging rate will be expected when RedCap UEs are deployed. The other UE sub-grouping method that is adopted by RAN2 decision is network controlled sub-grouping. In LTE WUS, paging probability based UE sub-group ID allocation is used for more power saving gain. Similarly, NR network can indicate UE sub-group ID based on UE characteristic, such as UE paging probability or UE capability, to enhance the UE power consumption efficiency. It is obvious that network controlled sub-grouping shall guarantee higher power saving gain than UE ID based randomized sub-grouping method, otherwise there is no reason to spent network signaling overhead for UE specific configuration. 
Observation 2: Compared to the case where only UE_ID based sub-grouping is supported, higher UE sub-grouping efficiency can be achieved when network controlled sub-grouping is configured.

Short message
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 inform short message to UE that monitors PEI, three candidate methods can be considered as follow
Alt. 1) No explicit information for short message over PEI
One possible way to provide short message is to indicate UEs wake-up behaviour via PEI so that the UE can monitor the PO. For example, UE subgroup indication field on PEI can be used to wake up all UEs monitoring a PEI. This method can be used without additional specification work if PEI is introduced. However, UE have to monitor both PEI and paging PDCCH to acquire short message, which would degrade UE power consumption efficiency. It should be noted that the number of SSBs that UE need to monitor for timer/frequency tracking is one of the dominant factors for UE power consumption. Due to the preparation of PDSCH decoding, UE monitoring a PO may require more accurate time/frequency synchronization compared to the case that UE monitoring a PEI. Moreover, according to the SI change indication procedure described in RRC protocol specification, repetitions of SI change indication may occur within preceding modification period. Therefore, even if there is no paging message intended, UE may wake up several times if SI change indication is repeated within the modification period. 
Alt. 2) One bit information over PEI to indicate UE shall monitor a paging PDCCH 
To reduce the unnecessary power consumption due to the SSB monitoring for preparing PDSCH reception at a PO, one bit information to indicate UEs to monitor a PO without expecting PDSCH scheduling can be considered. When this one bit information indicates PO monitoring, all the UEs that monitor a PEI can assume PDCCH transmission at a PO. Moreover, when a UE is not informed to be scheduled for paging message through UE subgroup indication field on the PEI, it does not need to prepare PDSCH reception at a corresponding PO. However, this approach cannot completely eliminate UE power consumption for PO monitoring; it still requires UE power consumption for PDCCH monitoring.
Alt. 3) Conveying short messages over PEI
Alternatively, to reduce the unnecessary UE wake up due to the short message acquisition, containing the short message over 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. Note that two bits information are required for short message to represent SI change indication and PWS notification separately. 
Figure 2 shows examples of these candidate methods from power consumption perspective. As shown in this figure, conveying short message over PEI can bring more power saving gain than others. 
Observation 3: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 4: Informing short messages over the PEI avoids unnecessary UE wake ups at PO.
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TRS/CSI-RS availability indication 
Another candidate that can be considered for PEI contents is an indication of actual transmission of TRS/CSI-RS for idle/inactive mode UEs. In the last meeting, following working assumption were made for TRS/CSI-RS availability indication via L1 signaling. Based on the working assumption, it would be worth further discussing benefits and appropriateness of PEI based availability indication of TRS/CSI-RS.
	Working assumption: 
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
· FFS whether and how to enable/disable L1 based availability indication configurable by SIB


One possible method to indicate availability of TRS/CSI-RS occasions is to use paging DCI. If so, all the UEs that monitor PO can get information about availability of TRS/CSI-RS. However, a UE which monitors PEI may prefer to skip PO monitoring for power saving if there is no paging message intended. Thus, it would be beneficial to convey indication signal over PEI when it is configured.
Moreover, according to the discussions on TRS/CSI-RS for idle/inactive UEs so far, one of the main advantage of TRS/CSI-RS assumption for idle/inactive mode UEs is that it can improve the power saving efficiency for paging. Indicated TRS/CSI-RS occasion can be used for time/frequency tracking for decoding both paging PDCCH and PDSCH if PEI is used for availability indication and indicated TRS/CSI-RS occasion is located between PEI and PO.  
As discussed in parallel work item 8.7.1.2, TRS/CSI-RS for idle/inactive mode UEs is quasi co-located with SSBs, and multiple TRS/CSI-RS resource can be configured by gNB. Since the PDCCH decoding reliability may be affected  by the size of information conveyed, reducing DCI bit overhead due to the TRS/CSI-RS availability indication shall be considered. As explained in our companion paper, additional one bit might be enough to indicate availability of TRS/CSI-RS occasion that is quasi co-located with SSB that is associated with the PEI [2].

Multiple PO
To reduce the network overhead due to the PEI transmission, indicating wake up operation for multiple UE groups using a single PEI can be considered. For example, when sequence-based PEI is considered, assigning different sequence to each group of UEs can be considered to inform UE group information. Alternatively, configuring UE group indication field may be useful to individually control UE group information when DCI based PEI is considered. Although network overhead can be saved with this approach, the number of POs associated with a PEI shall be considered carefully as individual control of wake up indication for each UE group will cause additional PEI payload. Moreover, it should be noted that larger gap between PEI and PO may cause lower UE power consumption efficiency, and different PO may have different PEI-to-PO gap when multiple POs are associated with one PEI. 
Proposal 1: PEI should at least convey the information on UE sub-group indication and short message, and TRS/CSI-RS availability indication. 
– FFS: UE group indication via PEI

2.2. PEI Occasion
For discontinuous reception for paging in NR, the PF and PO are determined by the formulae defined in TS38.304. In a similar way, defining PEI frame and PEI occasion for PEI reception can be considered. PEI frame can be determined as an offset from the PF. Since the UE that monitors PEI may require additional time/frequency tracking, the offset with several frame could be required for SSB monitoring. 
For determining the PEI occasion within the PEI frame, it would be worth considering mimicking the method for PO. In NR, a PO is defined as a set of PDCCH monitoring occasions for multi-beam operation and can consist of multiple time slots. PDCCH monitoring occasions for paging are determined according to the either using one for RMSI or configured parameters via higher layer signaling for paging search space configuration. In the same way, PEI occasion can consist of multiple monitoring occasions; there can be ‘S’ monitoring occasions for PEI where ‘S’ is the number of actual transmitted SSBs. It is also worth considering mimicking the method for paging to determine the PDCCH monitoring occasions for PEI. 
Since multiple POs can be configured for the PF, maximum four UE groups can share a same PEI frame when frame level offset is used to configure PEI frame. If the method for indicating wake up operation for multiple UE groups using a single PEI is supported, grouping multiple POs share the same PEI frame can be considered.
Observation 5: A PEI occasion may need to consist of multiple monitoring occasions to support multi-beam operation.

2.3. Coexistence 
In the last meeting, observation on the coexistence of the PEI and the legacy PDSCH was captured in chairman’s note, but could not reach to the consensus for the legacy PDCCH case. Unlike other signals and channels, gNB can control the amount of the resource for PDCCH transmission using multiple preconfigured aggregation levels. For example, gNB can transmit PDCCH with larger aggregation level when it intend to support UEs located worse coverage. In the contrast, gNB can chose smaller aggregation level if the resource overhead is a matter due to the dense traffic. In this way, gNB can have scheduling flexibility to share resources between PDCCH based PEI and the legacy PDCCH. 
Meanwhile it seems not possible to support resource overhead dynamic adaptation by the gNB when sequence based PEI is adopted. Note that DMRS for the legacy PDCCH should be guaranteed and should not be interfered by other reference signal. However, if sequence based PEI overlaps with the CORESET for the legacy PDCCH transmission, there is no way to avoid collision between DMRS for the legacy PDCCH and PEI sequence. 
Observation 6: PDCCH based PEI can support coexistence with the legacy PDCCH.

2.4. PEI design
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 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. It should be also pointed out that not only the information for Rel-16 UEs but also the enhanced features that might be introduced in the future release should be considered, and DCI based solution is much more flexible in terms of forward compatibility.  
From these points of views, 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: Support PDCCH based PEI

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, the 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.
Based on the discussions in this paper, following example can be considered as a candidate for the new DCI format.
	UE subgroup indication
	8 bits

	Short message
	2 bits

	TRS/CSI-RS availability indication
	1 bit

	Reserved bits
	Configurable


If the UE group indication over PEI is supported, UE subgroup indication field can be used to convey both UE group and subgroup information. In this example, reserved bits can be configured by gNB for the forward compatibility; if only Rel-16 PEI is supported empty reserved bit can be configured to reduce the DCI overhead. 
Proposal 3: Introduce a new DCI format that conveys PEI information with smaller DCI bits than paging DCI.
- FFS: Reuse existing DCI format (e.g. DCI format 1_0 with CRC scrambled by P-RNTI)

PDCCH monitoring occasions for PEI
As we discussed in a previous section, using a paging PDCCH for other UE group as a PEI can be considered as a candidate for the PEI design. In this case, existing configuration of PO can be used to determine PEI monitoring occasion for the UE. For example, a PO conveys the PEI information for the nearest subsequent PO of another UE group. 
In another case, if compact DCI format is adopted for PEI, introducing new monitoring occasions for PEI can be considered. As we discussed above, one way to configure PEI monitoring occasion is to configure the PEI frame and PEI occasion which shares design principle of PF and PO. Note that determining PEI frame and PEI occasion can be used not only for determining the new PDCCH monitoring occasion but also for using a PO for other UE group. Also it might be beneficial to reduce the signaling overhead. 
Proposal 4: PDCCH monitoring occasions for PEI are determined by PEI frame and PEI occasion
- PEI frame is determined by offset from the PF
- PEI occasion is configured within a PEI frame
- PDCCH monitoring occasions of PEI is either same as one for RMSI or configured by higher layer signal dedicated for the PEI

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: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.
Observation 2: Compared to the case where only UE_ID based sub-grouping is supported, higher UE sub-grouping efficiency can be achieved when network controlled sub-grouping is configured.
Observation 3: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 4: Informing short messages over the PEI avoids unnecessary UE wake ups at PO.
Observation 5: A PEI occasion may need to consist of multiple monitoring occasions to support multi-beam operation.
Observation 6: PDCCH based PEI can support coexistence with the legacy PDCCH.

Proposal 1: PEI should at least convey the information on UE sub-group indication and short message, and TRS/CSI-RS availability indication. 
– FFS: UE group indication via PEI
Proposal 2: Support PDCCH based PEI.
Proposal 3: Introduce a new DCI format that conveys PEI information with smaller DCI bits than paging DCI.
- FFS: Reuse existing DCI format (e.g. DCI format 1_0 with CRC scrambled by P-RNTI)	
Proposal 4: PDCCH monitoring occasions for PEI are determined by PEI frame and PEI occasion
- PEI frame is determined by offset from the PF
- PEI occasion is configured within a PEI frame
- PDCCH monitoring occasions of PEI is either same as one for RMSI or configured by higher layer signal dedicated for the PEI
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(b) One bit indication over PEI for paging PDCCH monitoring

(c) Two bit indication over PEI for short message
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