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Introduction
In 3GPP TSG RAN#93e, some conclusion on potential paging enhancements were reached [1].   
	· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 


In this contribution, we will provide our views on the design of PDCCH-based PEI. 
Design of PDCCH-based PEI
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. PEI is introduced to reduce the unnecessary monitoring occasion through telling the UE whether or not to monitor the PO. 
As companies cannot make a consensus on two candidate PEI design scheme in RAN1#106e, so, PDCCH-based PEI was determined as the only design scheme for paging early indication through the efforts of various companies in RAN#93-e. 
In the following, we will give our opinion on the design of PDCCH-based PEI
Multiple POs and Subgrouping indication
In RAN1#105-e, companies have made the following agreement,
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.



Since different terminals have different paging rates, if sub-group division is not performed, all terminals need to monitor the current PO, which will cause unnecessary power consumption. Through dividing the terminals into different subgroups, only terminals located in the same group as the target paging terminal needs to monitor the PO, which can help reduce unnecessary PO reception.
Furthermore, if subgroup indication is carried by paging PDCCH, the terminal needs to decode paging PDCCH to get the subgroup information, which cannot save power consumption. So, subgroup indication should be carried by PEI. 
What’s more, from the above agreement, one PO can include up to 8 subgroups. Therefore, one PEI needs to represent the status of 8 subgroups.
Since the minimum DCI payload size to the requirement of Polar Coding for PDCCH decoding is 12 bits, the bits of PEI should not be less than 12 bits, it’s better to design to utilize all the bits effectively. For example, PDCCH-based PEI using code-points, one PEI can use 3 bits to indicate the status of 8 subgroups per PO, the remaining bits can be further used for multiple POs of PFs. The advantage of one PEI associate with multiple POs can keep certain subgroup into longer dormant state or low power mode state, which lead to more power saving gain for UEs in that subgroup.
Table 1 shows the bit design examples of PDCCH-based PEI, based on the assumption that one PDCCH-based PEI with 12 bits contains 8 subgroups and 4 POs.
	Bit field
	UE subgroup Mapping
	Payload size

	000: Wake up only 1st (sub)group
001: Wake up only 2nd (sub)group
010: Wake up only 3rd (sub)group
…
111: Wake up only 8th (sub)group
	

Subgroup 0 to 7 in PO1
	

3 bit

	000: Wake up only 1st (sub)group
001: Wake up only 2nd (sub)group
010: Wake up only 3rd (sub)group
…
111: Wake up only 8th (sub)group
	

Subgroup 0 to 7 in PO2
	

3 bit

	000: Wake up only 1st (sub)group
001: Wake up only 2nd (sub)group
010: Wake up only 3rd (sub)group
…
111: Wake up only 8th (sub)group
	

Subgroup 0 to 7 in PO3
	

3 bit

	000: Wake up only 1st (sub)group
001: Wake up only 2nd (sub)group
010: Wake up only 3rd (sub)group
…
111: Wake up only 8th (sub)group
	

Subgroup 0 to 7 in PO4
	

3 bit

	total
	
	12 bit



Proposal 1: [bookmark: _Ref9377][bookmark: OLE_LINK1]Subgroup indication should be carried by one PEI with multiple POs.
Proposal 2: PEI can carry at least 12 bits and codepoint design can be considered.

TRS available indication and short message indicator
Currently short message indicator is used to indicate whether there is a short message or a paging message or both.  UE will always need to decode paging PDCCH even when there is no short message or paging message which result in power consumption. To deal with this problem, short message indicator should be carried by PDCCH-based PEI.
For the UE in idle/inactive mode, assistance TRS can help UE obtain better synchronization or channel status. Since PEI indicate there is no paging message or short message in the current PO, the TRS available indication cannot be obtained, if it is carried by paging PDCCH. Therefore,TRS available indication carried by PEI are more reliable than the TRS available indication carried by paging DCI.
If TRS available indication(i.e.. 1bit) and short message indicator(i.e.. 2bit) are carried by PEI and the total bit for PDCCH-DCI is 12, the one PEI will just indicate 3 POs. Since the number of POs which PEI can be associated with depends on the total bits which PEI can carry, further discussion on how many bits can be carried by PEI should be taken into account. 
Proposal 3: [bookmark: OLE_LINK5]TRS available indication and short message indicator should be carried by PEI.
Proposal 4: Total bits carried by PEI should be taken into account.

CORESET and Search space set of PDCCH-based PEI
PDCCH-based PEI can reuse CORESET0 resource to transmit the paging early indication. However, gNB can also assign a dedicated CORESET to the PDCCH-based PEI. 
For UE in idle/inactive mode, only common search space are configured, so PDCCH-based PEI can only support the common search space set.
PDCCH-based PEI’s search space configuration can be delivered by SIB1 or RRC message.
If PDCCH-based PEI is in the same search space as the type0/type0A/type1 PDCCH CSS, P- RNTI value can be reused for scrambling PDCCH-based PEI.
Proposal 5: [bookmark: OLE_LINK2][bookmark: OLE_LINK7]CORESET 0 or dedicated CORESET can be used for PDCCH-based PEI and PDCCH-based PEI can reuse the common search space set.
Proposal 6: PDCCH-based PEI can reuse P-RNTI value.

PEI reception time
Since PEI is introduced to indicate whether or not to monitor PO, 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 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, ①, can be excluded. For other positions, 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. W hat’s more, setting a PEI duration/PEI monitoring window 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. Multiple beams of PEI and PEI reception time window are shown in Figure 2. 
[image: ]
Figure 1 available PEI positions
[image: ]
Figure 2 PEI detection time window and multiple beams of PEI
PEI offset can be the distance form the first PEI monitoring occasion to the first PO, as shown in Figure 3.
[image: ]
Figure 3 PEI offset
[bookmark: OLE_LINK6]To maintain flexibility, PEI duration should be a configurable window of occasions which is configured by network. During the window, PEI which is associated with multiple beams can be decoded.     
Proposal 7: [bookmark: OLE_LINK4]PEI supporting for multiple beams 
Proposal 8: Specify the setting of PEI detection time window and time offset, both of them can be flexibility configured

Conclusion
In this contribution,  we discuss the design of PEI. We have the following proposals. 
Proposal 1: Subgroup indication should be carried by one PEI with multiple POs.
Proposal 2: PEI can carry at least 12 bits and codepoint design can be considered.
Proposal 3: TRS available indication and short message indicator should be carried by PEI.
Proposal 4: Total bits carried by PEI should be taken into account.
Proposal 5: CORESET 0 or dedicated CORESET can be used for PDCCH-based PEI and PDCCH-based PEI can reuse the common search space set.
Proposal 6: PDCCH-based PEI can reuse P-RNTI value. 
Proposal 7: PEI supporting for multiple beams 
Proposal 8: Specify the setting of PEI detection time window and time offset, both of them can be flexibility configured 
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