Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #106-e			                          R1-2107414
e-Meeting, August 16th – 27th, 2021

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on paging early indication design
Agenda item:	8.7.1.1
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
In RAN1#105-e meeting, some observations for PEI candidate designs were agreed as the following [1].
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

In this contribution, paging early indication design will be discussed.
2. Discussion
2.1 Down-selection of PEI candidates
In RAN1#104b-e and RAN1#105-e meeting, some observations about coexistence, configuration, resource overhead and power saving gain of three PEI candidate designs were agreed. The following table is the summary about the comparison of three PEI candidates.
Table 1. Comparison of three PEI candidate designs
	
	PDCCH-based
	SSS-based
	TRS/CSI-RS-based

	Coexistence impact
	Small
	Larger, will cause CORESET-level granularity blocking for interleaved CORESET
	Larger, will cause CORESET-level granularity blocking for interleaved CORESET

	UE (sub)group indication capacity
	Largest
	Small 
	Small

	Average resource overhead (Behv-A)
	AL=4: Smallest 
AL=8: Larger than others but comparable 
	Medium
	Medium

	Average resource overhead (Behv-A)
	AL=4: Smallest 
AL=8: Larger than others but comparable
	Large 
	Large

	Power saving gain
	No significant divergence



From the table, we can see some advantages of PDCCH-based PEI than other candidates:
· High subgrouping indication capacity. Compared with TRS/CSI-RS or SSS based PEI, enough DCI bits, i.e., minimum 12bits can easily carrying subgrouping indication, and also can carrying TRS/CSI-RS availability information, ETWS, etc.
· Easy to handle dynamic conscience with PDCCH resources of Rel-15 UEs. For interleaved CORESETs, TRS/CSI-RS or SSS based PEI can only be realized only at CORESET-level granularity, which causes resource fragmentation.
· Less standard work effort. It is much easy to specify a new DCI format for PEI than TRS/CSI-RS or SSS, especially there are several variants about how to indicate subgroups in TRS/CSI-RS or SSS based PEI design.
As the average resource overhead, AL=4 PDCCH occupies the smallest resources, although AL=8 PDCCH occupies more resources but the overhead is comparable with SSS-based and TRS/CSI-RS-based PEI. In addition, there is no significant divergence of power saving gain in three PEI candidates, therefore, we think PDCCH-based PEI can be supported.
Proposal 1. Support PDCCH-based PEI.
2.2 PDCCH-based PEI design 
2.2.1 Association between PEI and PO
In Rel-15/16 NB-IoT and eMTC, one WUS can associate with one PO or multiple POs to reduce WUS resource overhead. The similar one-to-many association can also be introduced for NR PEI for high system PO density scenario to reduce PEI signalling overhead. One difference from NB-IoT/eMTC WUS is that multiple POs which have association with one PEI belong to different UEs, but not the same UE. 
The candidate associations between PEI and PO is illustrated in Figure 1. Case (A) is the example of one PEI associates with one PO in one PF. Case (B) is the example of one PEI associates with more than one POs in one PF and the PEI has the same periodicity or density as PF. Case (C) is the example of one PEI associates with more than one POs in K PFs, the periodicity of PEI is K times than PF.


 Case (A) One to one mapping between PEI and PO



Case (B) One to many mapping between PEI and POs which PEI has the same periodicity as PF



Case (C) One to many mapping between PEI and POs which PEI has larger periodicity as PF
Figure 1. Illustration of associations between PEI and PO(s)
Proposal 2. Support one-to-one and one-to-many mapping between PEI and PO(s).
2.2.2 PO and UE subgroup indication in PEI
As the discussion in section 2.1, we propose adopt PDCCH as the physical layer design of PEI, one issue needs discussion how to indicate different and/or UE subgroups in one PEI.
Scenario 1: Without UE subgrouping
For Case (B) and (C), the following is the method about how to indicate each PO in PDCCH-based PEI. 
· For Case (B) which one PEI only associates with Ns POs in one PF, the i_s can be used to determine the bit location in PEI, e.g., the i_sth bit in PEI is used to indicate the wake up information of i_sth PO.
· For Case (C) which one PEI associates with K*Ns POs in K PFs, the [k *Ns+ i_s]th bit in PEI is used to indicate the wake up information of i_sth PO in kth PO. In current spec, UE can only calculate its own PF’s SFN and PO’s index i_s in the PF, but can not know the index of PF associates with one PEI, i.e., k. One simple solution to calculate it is k = SFN*N/T mod K, which SFN is the SFN for the PF, K is the ratio between the periodicity of PEI and PF, and N is the umber of PFs in one DRX cycle.
Scenario 2: With UE subgrouping
Furthermore, if UE subgrouping is configured, the UE subgrouping indication in PEI for three cases can be as the following, with the assumption of one PO contains M UE subgroups with the UE subgroup index of 0, 1, … M-1.
· For Case (A), the mth bit in PEI is used to indicate wake up information of UE with subgroup index m.
· For Case (B), the [i_s*M+m]th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
· For Case (C), the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
Proposal 3. If UE subgrouping is not configured, 
· If one PEI associates with Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information of i_sth PO.
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]th bit in PEI is used to indicate wake up information of i_sth PO, which SFN is the SFN for the PF, N is the number of PFs in one DRX cycle and K is the ratio between the periodicity of PEI and PF.
Proposal 4. If UE subgrouping is configured, define M is the number of subgroups in one PO and the UE subgroup index m is 0, 1, … M-1,
· If one PEI associates with one PO, the mth bit in PEI is used to indicate wake up information of UE with subgroup index m.
· If one PEI associates with Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO, which SFN is the SFN for the PF, N is the number of PFs in one DRX cycle and K is the ratio between the periodicity of PEI and PF.
2.3 UE-ID based subgrouping method
As the agreement of RAN2, if network controlled subgrouping is not provided, the UE subgrouping can be supported by randomization (by UE-ID). One issue needs to be discussed is how to dividing UEs in one PO into these subgroups. In order to achieve the largest UE power saving gain, the UE numbers in each subgroups should be the same. In current paging design, UE ID is used to calculate PF and PO to divide UEs into different POs, according to the formula in TS 38.304 as following, 
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 difference among UE_IDs which calculate the same PO is an integer multiple of N*Ns, i.e., UEs with UE_ID#1, UE_ID#1+N*Ns, UE_ID#1+2*N*Ns… monitoring the same PO. 
Assuming there is M subgroups in one PO, as the difference among UE_IDs in one PO is an integer multiple of N*Ns, the subgroup index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod M to realize the uniform distribution.
[bookmark: _Hlk77081533]Proposal 5. For UE-ID based subgrouping, the subgroup index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod M, where M is the number of subgroups in one PO.
3. Conclusions
In this contribution, paging early indication design are discussed, and the following observations and proposals are made.
Proposal 1. Support PDCCH-based PEI.
Proposal 2. Support one-to-one and one-to-many mapping between PEI and PO(s).
Proposal 3. If UE subgrouping is not configured, 
· If one PEI associates with Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information of i_sth PO.
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]th bit in PEI is used to indicate wake up information of i_sth PO, which SFN is the SFN for the PF, N is the number of PFs in one DRX cycle and K is the ratio between the periodicity of PEI and PF.
Proposal 4. If UE subgrouping is configured, define M is the number of subgroups in one PO and the UE subgroup index m is 0, 1, … M-1,
· If one PEI associates with one PO, the mth bit in PEI is used to indicate wake up information of UE with subgroup index m.
· If one PEI associates with Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO, which SFN is the SFN for the PF, N is the number of PFs in one DRX cycle and K is the ratio between the periodicity of PEI and PF.
Proposal 5. For UE-ID based subgrouping, the subgroup index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod M, where M is the number of subgroups in one PO.
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