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RAN#93 RAN guidance helped, and good progress has been achieved in RAN1#107. The FL summary after meeting can be found in [1].
Signaling details for PDCCH PEI
Sub-group indication
	Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
1. One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
1. The maximum number of total bits for paging indication field in PEI DCI format is x 
1. One PEI can be configured to indicate up to 4 PO(s) in a PF
0. FFS whether to supporting map PEI to 3 POs in a PF
1. FFS: 1 PEI for POs across multiple PFs
1. FFS: value of x



Number of POs in PF can be 1,2 or 4, and thus there is no need to support one PEI to 3PO mapping, because it would result in an uneven payload size of DCIs for different POs and thus complicate the design. Similarly, mapping PEI to POs of multiple PFs would further complicate the design at this late stage of R17. While we understand that PDCCH overhead could be reduced, at the same time it would increase payload size of DCI format. These optimizations can be considered further in R18. Regarding max payload size, 8x4=32bits + 1-2 bit for TRS validation would be the max size, which would then allow using P-RNTI for the DCI format. 
Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI
Monitoring occasions
	Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
·        FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero



It was agreed that a separate SS-set is configured for the UE, the best place for it would be in the pdcch-ConfigCommon. 
PDCCH-ConfigCommon ::= SEQUENCE {
controlResourceSetZero ControlResourceSetZero OPTIONAL, -- Cond InitialBWP-Only
commonControlResourceSet ControlResourceSet OPTIONAL, -- Need R
searchSpaceZero SearchSpaceZero OPTIONAL, -- Cond InitialBWP-Only
commonSearchSpaceList SEQUENCE (SIZE(1..4)) OF SearchSpace OPTIONAL, -- Need R
searchSpaceSIB1 SearchSpaceId OPTIONAL, -- Need S
searchSpaceOtherSystemInformation SearchSpaceId OPTIONAL, -- Need S
pagingSearchSpace SearchSpaceId OPTIONAL, -- Need S
ra-SearchSpace SearchSpaceId OPTIONAL, -- Need S
pei-SearchSpace SearchSpaceId OPTIONAL, -- Need S

...,
In our opinion, similarly as pagingSearchSpace, also agreed peiSearchSpace can be SS zero or non-zero. One of up to 4 non-zero common SS sets can be used.
Proposal-2: peiSearchSpace can be zero or non-zero (i.e. one of up to 4 common SS sets configured by commonSearchSpaceList).
	Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported


Assuming that QCL monitoring occasions for zero and non-zero SS-sets are following principles of those of paging, it remains open which frame is the PEI frame, this including whether SSB/iTRS should be guaranteed in between PO and PEI. In our opinion, at least one occasion iTRS or SSB burst is needed between PEI and PO, however, in the end if SSB is not guaranteed by gNB, UE may still switch to legacy paging monitoring (i.e. not using PEI), this should be up to UE implementation. 
While typical SpCell SSB periodicity would be 20ms on a Pcell, there is no need for optimizations in determination of PEI frame, and in this case e.g. 3 frame fixed offset before PO would be the simplest. Therefore, we support Alt3. 
For UEs supporting iTRS, which would have periodicity more than 20ms, simple change in determining PO would facilitate power saving. If PO determination is optimized for R17 UEs supporting iTRS, fixed offset (Alt 3) could be reused also for those UEs, and gap between PEI and PO could be reduced. Please refer to our accompanying contribution in iTRS sub-agenda.    
When it comes to mapping of PEI to PO within the PO and PEI frames, we suggest simple mapping as in Figure 1 for at least cases 
· 1 PEI to 1PO
· 1 PEI to 2PO
· 1 PEI to 4PO

[image: ]
Figure 1  PEI to PO mapping for different combinations 

Proposal-3: Support Alt3, gNB configures offset in units of frames and range is from [1-4] frames.
· For the case when idle TRS periodicity is large >20ms, consider delaying UE’s PF from nominal location to frame after TRS, in order to facilitate power saving.  
· Map PEI and PO(s) as in Figure 1
· Note: Whether gNB guarantees 1 SSB or iTRS between PEI frame and PO frame is up to gNB implementation
Detection performance aspects
It has been shown by at least one company that if DCI format payload size is known for the PEI PDCCH, PDCCH can be detected as a sequence, even though the detection performance may not be fully optimal. On the other hand, if multiple subgroups are configure then detecting presence of PEI becomes challenging. 
When PEI carries sub-grouping indication, if UE is guaranteed wide-band DMRS within CORESET#0/commonCORESET during PEI monitoring occasion, those could be used in the similar way as TRS, since PDCCH DMRS form a known signal of comb structure. The density of PDCCH DMRS is exactly the same as that of TRS, i.e. 3RS per PRB. And since UE suppose not to receive outside CORESET#0 in IDLE, wideband DMRS within CORESET can provide the same degree of synchronization benefit as TRS, given that such wideband DMRS are transmitted in two consecutive PDCCH monitoring occasions of same QCL. Moreover, such wide-band DMRS may still maintain the assumption that precoder does not change in a CCE for CORESET#0. From rate-matching point view, dynamic CORESET rate-matching is mandatory feature which can ensure there is no collision between wide-band DMRS in a CORESET#0/CommonCORESET and PDSCH for RRC-connected UEs. For IDLE UE, such collision must be avoided by gNB according to 38.214 sub-clause 5.1.4.
Proposal-4: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during PEI monitoring occasions to facilitate sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization.
· narrow-band precoding can be assumed in CORESET#0, i.e. no change from R15/R16.
Other issues
	Others
	· REDCAP UE related design update/extension (HW&HiSi)
· Whether and how to support separate PO configurations for legacy UEs and new UEs (Apple)
· Transmit power of the PEI is configured based on a power offset to the SSS in the PEI configuration (QC)
· Wide-band PDCCH DMRS (Nordic)
· Other remaining issue(s), if identified


Regarding RedCap issues, we believe that Redcap AI still needs to conclude first on where UE camps (which initial DL BWP/CORESET#0) in IDLE, depending on that we may need to revisit. For example, if RedCap UE is allowed to camp only on CORESET#0 by MIB, there should be no issues.
Regarding whether and how to support separate PO configuration, we believe it would be beneficial e.g. in case of PO determination would be different for R17 UEs supporting iTRS, as proposed in Proposal-3. 
Transmit power of PEI should be the same as for other CSS PDCCH.
Conclusions 
Regarding the PEI design we had the following observations and proposals:
Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI
Proposal-2: peiSearchSpace can be zero or non-zero (i.e. one of up to 4 common SS sets configured by commonSearchSpaceList).
Proposal-3: Support Alt3, gNB configures offset in units of frames and range is from [1-4] frames.
· For the case when idle TRS periodicity is large >20ms, consider delaying UE’s PF from nominal location to frame after TRS, in order to facilitate power saving.  
· Map PEI and PO(s) as in Figure 1
· Note: Whether gNB guarantees 1 SSB or iTRS between PEI frame and PO frame is up to gNB implementation
Proposal-4: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during PEI monitoring occasions to facilitate sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization.
· narrow-band precoding can be assumed in CORESET#0, i.e. no change from R15/R16.
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