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1. Introduction
At the RAN1#106-e meeting and RAN#93-e meeting, the followings were agreed. [1] 
	[bookmark: _Hlk83990316](RAN1#106-e)
Conclusion
For the evaluation of PEI candidate designs (for which observations made in previous RAN1 meetings), it was implicitly assumed by companies that the following processing can also provide synchronization:
· Processing of SSB(s) of each DRX cycle for serving-cell measurement 
· Detection of multi-symbol SSS PEI (s)when transmitted
· Detection of TRS/CSI-RS PEI(s) when transmitted
Note: SSS PEI is assumed to reuse the SSS structure as in legacy SSB

Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI

Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but can not be accepted by 3 companies, i.e., Intel, CATT, Sony.



	(RAN #93-e)
(Conclusion for Issue 1, Section 7, RP-212611)
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



2. Discussion
In this contribution, we will mainly describe paging early indication.
2.1. DCI Format 
In NR paging, UE determines PO (Paging Occasion) for the UE based on the calculation by e.g., UE ID, and the PO includes PDCCH monitoring occasion(s) which corresponds to each SSB. A PO can consist of a set of monitoring occasions corresponding to different beams in multi-beam operations. A large number of UEs share the same PO. These UEs wake up to monitor paging PDCCH in the same PO and have to receive corresponding PDSCH including paging message. If the paging message does not have the information for UEs, power consumption increases by unnecessary paging reception. In the last Plenary meeting, It was agreed to support DCI-based PEI in order to resolve such problem and introduce the new DCI format for PEI. Since it is beneficial in terms of power saving to inform UE of additional information other than UE subgroup information via PEI, introducing the new DCI format for PEI would be useful. Regarding information via PEI, the followings should be considered.
· UE subgroup Information
· Whether Single PEI is associated with Single PO or Multiple PO 
· TRS availability information 
· Short message

We already have agreed that only essential function for PEI is supported. We think the most important thing is to support UE subgroup information and Multiple PO via PEI.
For UE subgroup information, it’s very useful function to reduce the paging false alarming rate when paging rate is more high than normal case that it is around 10%. 
For Multiple PO by Single PEI, NW can save overhead of PEI compared to the case that one PEI associates with one PO. The SFN of the paging frame (PF) is defined as follows:
	(TS 38.304 Section7.1)
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024
…
The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331 [3].



Considering Multiple PO, we have the following cases.
· Case 1: Association between one PEI and one PO
· Case 2: Association between one PEI and POs in PF
· Case 3: Association between one PEI and POs in PFs

In the Case 3, large gap between PEI and PO may cause low power saving gain. Thus, we think Case 2 is best choice among cases. In Case 2, PF can include up to 4 PO and it is configurable by NW. If Case 2 is adopted, DCI size is implicitly derived according to the number of POs. As we explain the above, UE is informed of the parameters that includes POs in a PF by SIB1. Thus, UE can estimate the DCI size for PEI from the parameters regarding the PO.     
Proposed 1:  Single PEI associated with Single PO or Multi POs should be supported.

In the case of configuring DCI size for PEI, it should be considered how to define the bit fields corresponding to essential function. Following example on the DCI bit field  can be considered.

Figure1. A solution of how to define the bit fields corresponding to essential function
	Subgroup Info #1 of PO#1
	1 bit
	Information for PO#1

	:
	:
	

	Subgroup Info #N of PO#1 (※Note1)
	1 bit
	

	:
	:
	:

	Subgroup Info #1 of PO#X
	1 bit
	Information for PO#X (※Note2)

	:
	:
	

	Subgroup Info #N of PO#X
	1 bit
	

	TRS availability indication

	Y bit (※Note3)
	Information for all associated POs

	Short Message
	2 bit
	Information for all associated POs

	Note1: N is the number of subgroups in one PO.
Note2: X is the number of all associated POs in a PF.
Note3: Y is up to decision in AI 8.7.1.2.



Since UE is informed of Ns (number of paging occasions for a PF) by SIB1, if Single PEI associated with Multi POs in a PF, UE know how many POs associated with PEI.
In addition to the above, if TRS availability indication and Short Message are also informed via PEI, NW should inform UE for idle/inactive mode of these parameters in SIB. 
Regarding UE Sub-grouping, it had already decided as RRC parameter.
From the above information, UE know DCI size for PEI because it can be implicitly derived as follow.
For example, Ns=2, UE Subgroup =4, Short Message are set by SIB (no TRS availability indication)
DCI size = Ns×UE Subgroup + Short Message
              = 2×4＋2 = 10 bit

As above example, UE know DCI size for PEI and DCI field implicitly. 
On the other hands, NW control some parameters e.g., Number of PO and Subgroup, adaptation TRS availability indication and Short Message via PEI.
Also, it is noted that regarding TRS availability indication, Plenary #93 has agreed ‘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.’ Thus, the bit size of TRS availability indication is up to the decision in AI 8.7.1.2.

Proposed 2: DCI size for PEI should be implicitly derived from number of POs, number of subgroups, whether or not TRS availability indication and Short Message is included in PEI. 

2.2. Higher layer configuration
As explained in the previous section, UE needs to know the number of UE subgroup and TRS availability indication via PEI to estimate DCI size for PEI. Thus, NW should inform UE for idle/inactive mode of these parameters in SIB. 
Proposed 3: UE should be informed, via SIB, of whether or not TRS availability indication and Short Message are included in PEI. 


3. Conclusion
In this contribution, paging early indication was discussed. Based on the discussion, the following observations and proposals were made:
Proposed 1:  Single PEI associated with Multi POs should be supported.
Proposed 2: DCI size for PEI should be implicitly derived from number of POs, number of subgroups, whether or not TRS availability indication and Short Message is included in PEI. 
Proposed 3: UE should be informed, via SIB, of whether or not TRS availability indication and Short Message are included in PEI. 
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