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In May 2021 meetings, we discussed further details for Idle/Inactive mode power saving. RAN2 made the following agreements about UE subgrouping.
	The following is supported:
CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE


RAN1 also made the following agreements.
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.
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


In this contribution, we discuss further details about paging monitoring with PEI and UE subgrouping.
Discussion
PEI Monitoring
While PEI was agreed in earlier meetings, we haven’t concluded on how UE monitors PEI. When introducing a new signal, we care about:
· How the signal looks like, i.e. the format of the signal
· Where to find the signal, e.g. periodicity, offset, etc.
The format of PEI is under RAN1 discussion, it can be PDCCH-based, SSB-based, or TRS/CSI-RS-based. Regarding the how UE finds PEI, there are two configuration options:
· Option#1: Configure a gap before PO
· This is what we have for LTE/NB-IoT, and there can be different short or long gap values 
· It is possible that one PEI indicates paging reception in multiple (N) POs monitored by the same group of UEs, similar to the PTW in LTE/NB-IoT. In this case, the gap (offset) applies to every Nth PO.
· Option#2: Configure monitoring occasions (MO) of PEIs for each group of UEs monitoring the same PO 
· The periodicity and offset are provided to UE
· It is possible that one PEI indicates paging reception in multiple POs monitored by the same group of UEs. In this case, one PEI indicates paging for POs before the next PEI
The two options are equivalent if the periodicity of MOs for PEI is configured the same as paging cycle or as multiples of paging cycle. That is, the gap before PO becomes a fixed value. Since the gap and MO are within RAN1 scope, RAN2 can design PEI-related configurations after RAN1 conclusions.
Proposal 1:	To inform UE how to find the PEI, network may configure a gap before POs, or configure monitoring occasions (MO) of PEIs. RAN2 can design PEI-related configurations after RAN1 conclusions.
Observation 1:	The options of gap and MO for PEI are equivalent if the periodicity of MOs for PEI is configured the same as paging cycle or as multiples of paging cycle.
Proposal 2:	A PEI may indicated paging reception in multiple POs monitored by the same group of UEs
· If a gap is configured, a value N is also indicated, and the gap applies to every Nth PO.
· If MO is configured, one PEI indicates paging for POs before the next PEI.
Figure 1 depicts the concept of a PEI indicating paging reception in multiple POs. 
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Figure 1.	PEI indicating paging reception in multiple POs
Paging indication for UE subgroups
If UE subgrouping is configured, there should be paging indication for each subgroup. While RAN1 agreements consider paging indication to the subgroups in a PO using PEIs, it is indeed possible to provide paging indication for subgroups in paging DCI. However, the power saving gain with this method is quite limited, since low-SINR UEs still need to monitor multiple SSBs before the PO. Therefore, we propose that paging subgroup indication is always sent in PEI (i.e. similar to GWUS in LTE/NB-IoT). If PEI is not sent, paging subgrouping does not take effect.
Proposal 3:	Paging subgroup indication is always sent in PEI (i.e. similar to GWUS in LTE/NB-IoT). If PEI is not sent, paging subgrouping does not take effect.
Conclusion
[bookmark: _GoBack]This contribution discussed paging monitoring with PEI and UE subgrouping. We have the following observation:
Observation 1:	The options of gap and MO for PEI are equivalent if the periodicity of MOs for PEI is configured the same as paging cycle or as multiples of paging cycle.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	To inform UE how to find the PEI, network may configure a gap before POs, or configure monitoring occasions (MO) of PEIs. RAN2 can design PEI-related configurations after RAN1 conclusions.
Proposal 2:	A PEI may indicated paging reception in multiple POs monitored by the same group of UEs
· If a gap is configured, a value N is also indicated, and the gap applies to every Nth PO.
· If MO is configured, one PEI indicates paging for POs before the next PEI.
Proposal 3:	Paging subgroup indication is always sent in PEI (i.e. similar to GWUS in LTE/NB-IoT). If PEI is not sent, paging subgrouping does not take effect.
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