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Introduction
In 3GPP TSG RAN1#105-e meeting, some agreements on potential paging enhancements were reached [1].   
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported. 

Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e. g. , by merging/further splitting, depending on significance of the commonality and/or differences
Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI,  
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc. 
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0),  SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc. 
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern,  relative size and location of PDCCH CORESET, etc. )

Agreement:
For paging indication to the subgroups in a PO, 
· For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
· One bit in the DCI payload indicating one UE subgroup is supported 
· FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
· For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
· FFS: Sequence mapping design for supporting up to 8 subgroups per PO
· Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
· For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
· Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
· FFS: Design details for the orthogonal cover
· Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
· FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
· Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
· Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
· Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span

Agreement
Observation:
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:（Table omitted）


In this contribution, we will provide our views on above approaches. 
Discussion on paging enhancement
For each paging cycle, the UE in RRC idle/inactive state needs to monitor PO to check whether there is paging PDCCH/paging PDSCH or not. When the UE is not paged, the unnecessary reception of paging PDCCH and the extra synchronous process of SSB will cause more UE power consumption.  
In RAN1#103-e, RAN1 had suggested the paging early indication (PEI) and the physical layer design of PEI which is based on DCI, SSS or TRS/CSI-RS. In the subsequent meeting, some other potential paging enhancement schemes such as sub-grouping for paging and one PEI with multiple POs were discussed. We will provide our views for the three approaches and the detailed design of PEI. 

PEI behaviors
In RAN1#104, two different UE behaviors for the absence of PEI were agreed. 
	Agreements:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS,  the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO


According to the above agreements, we will give our opinion on the behavior of UE. On the one hand, when the paging rate is low, Behv-A use less resource than Behv-B to indicate the incoming paging occasion. This is because Behv-A is a on-demand signal and Behv-B must exist when there is no paging message. On the other hand, when the paging rate is high, Behv-B use less resource than Behv-A and has little effect on the transmission of legacy channel or signal. More specifically, if PEI collide with other channels or signals which have higher priority, the higher priority channels or signals can maintain normal transmission without affecting the reception of PO when Behv-B is assumed. This is because, for Behv-B, if the UE doesn’t receive the PEI, it will wake up to detect PO. However for Behv-A, if the UE doesn’t receive PEI or other channels/signals to be transmitted preferentially, it will skip the detection of PO in this cycle and it must postpone receiving paging message until the next paging cycle. 
Based on the above analysis, we know both Behv-A and Behv-B have their pros and cons. What’s more, in different scenarios, these two behaviors may have almost the same power saving gains. In conclusion, to meet different paging scenarios, we suggest that both Behv-A and Behv-B should be supported and leave the selection of what kind of behavior to be implemented to network. 
Proposal 1: Both Behv-A and Behv-B should be supported and leave the selection to the network. 


Subgrouping indication
In the last meeting, RAN1 has discussed whether paging PDCCH or PEI to carry the subgrouping indication. 
From our point of view, if paging PDCCH carries a subgroup indication, PEI will always indicate that it needs to monitor the current PO when there are both high and low paging rate users, but there may be no paging messages for particular users, which will result in waking up the low paging rate users unnecessarily. 
However, if we put the subgroup indication in the PEI, UE can quickly know which subgroup should monitor the PO or UEs of which subgroup should go to deep sleep before the reception of PO. 
Therefore, subgrouping indication carried by PEI can obtain more power saving gain, it’s better to support  indicate subgrouping rather than paging PDCCH to carry subgrouping indication.
Proposal 2: Subgrouping indication should be carried by PEI


Different PEI design
In the last meeting, RAN1 had a discussion on the PEI designs. As for these three approaches, our views are as follows: 
First of all, for the coexistence of PEI with legacy signals/channels, all PEI candidate schemes can support. But for SSS-based PEI, it may impact the initial access and RRM measurements of legacy UEs. Also for TRS-based PEI, it may need to define a new a new available ZP-CSI-RS-ResourceSet. However, for DCI-based PEI, it can easily coexist with the legacy signals/channels based on the existing R15 specification. 
Secondly, either SSS-based PEI or TRS-based PEI, it may need to define more sequences or orthogonal covers which may bring more work to the specification. Sometime, it may need to enhance the power of the signal to do signal differentiation which will have an impact on the RF device. But for DCI-based PEI, it is easily extended by adding additional bits.  
From the above analysis, DCI-based PEI have the less impact on the legacy channels/signals and have the less workload for the specification. What’s more, it can easily extend current DCI format to carry more information, such as subgroup indication. Further, in order to achieve better time and frequency synchronization, the availability of TRS can be carried by DCI-based PEI. 
Proposal 3: DCI-based PEI should be supported by R17. 
Proposal 4: TRS availability indication should be carried by DCI-based PEI


PEI with additional function
During the paging occasion, UE can obtain not only paging information but also short message which include ETWS or SI update. Therefore, we recommend that PEI indicate not only whether it needs to monitor the PO for paging information but also whether there are short messages.   
It’s better to use PEI to indicate the short message indicator instead of short message. The reason is that short message is an infrequent update signal and occupied 8 bits which is larger than short message indicator, 2 bits.
Based on the above analysis, PEI can be used to indicate the short message indicator instead of short message. 
Proposal 5: PEI supports indicating the short message indicator . 


Multiple POs associated with one PEI
According to 38. 304, the network can configure more than one PO per Paging Frame (PF) for RRC Idle/Inactive mode UEs. If each PEI corresponds to one PO, there will be a lot of individual PEIs which will increase the PEI overhead. In order to make better of resource usage, associating a PEI with multiple POs should be supported. Network can flexibly configure the number of POs associated with one PEI to adapt to different deployment scenarios, and the number of POs carried by PEI should match the number of bits that can be transmitted by DCI-based PEI. Therefore, we support one PEI with multiple POs. 
Proposal 6: One PEI associated with multiple POs should be supported by RAN1.

 
PEI reception time
As PEI is introduced to indicate whether or not to monitor PO, so it should be located before the incoming paging occasion. Taking three SSBs before a PO as an example, there were seven possible locations for PEI as shown in Figure 1. It is well known that even if there is nothing about the short messages and paging messages, the UE needs to perform cell measurements and time-frequency synchronization through SSB to receive the PEI, which is due to the UE is assumed to be out-of-sync from the network and does not know the exact camping cell after long deep sleep, for this reason, the first position can be excluded. For other position, as different channel environment, we may need different numbers of SSBs to demodulate the paging PDCCH/paging PDSCH. Therefore we consider setting a PEI offset to PO for UE to detect the PEI. What’s more, setting a PEI duration for PEI detection should be supported. Furthermore, to adapt to multiple beams scene, we support multiple beams of PEI which the spatial channel property of PEI is QCLed with the beams of SSB corresponding to paging PDCCH/PDSCH. If doing this, UE can select the best beam to receive the PEI. Multiple beams of PEI and PEI reception time window are shown in Figure 2. 
[image: ]
Figure 1 UE processing timeline
[image: ]
Figure 2 PEI detection time window and multiple beams of PEI

Proposal 7: Supporting Multiple beams of PEI 
Proposal 8: Supporting setting a PEI detection time window

Conclusion
In this contribution,  we discuss the paging enhancement schemes.  We have the following proposals. 

Proposal 1: Both Behv-A and Behv-B should be supported and leave the selection to the network. 
Proposal 2: Subgrouping indication should be carried by PEI
Proposal 3: DCI-based PEI should be supported by R17. 
Proposal 4: TRS availability indication should be carried by DCI-based PEI
Proposal 5: PEI supports indicating the short message indicator . 
Proposal 6: One PEI associated with multiple POs should be supported by RAN1.
Proposal 7: Supporting Multiple beams of PEI 
Proposal 8: Supporting setting a PEI detection time window
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