[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #107b	R1-2200609
e-Meeting, Jan 17th – 25th, 2022

Agenda item:		8.7.1.1
Source:	Nordic Semiconductor ASA
Title:					On paging early indication
Document for:		Discussion and Decision
[bookmark: _Ref86665251]Introduction
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
Monitoring occasions
	Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.



Regarding remaining issues, the range of frame-level offset could be from 1 to 16 frames, this would allow gNB to include at least one SSB between PO and PEI, because max SSB periodicity is 160ms. The range of symbol-level offset can be the same as for PO, as shown below.
firstPDCCH-MonitoringOccasionOfPO CHOICE {
· sCS15KHZoneT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
· sCS30KHZoneT-SCS15KHZhalfT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
· sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
· sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
· sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
· sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
· sCS120KHZoneEighthT-SCS60KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
· sCS120KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
}
Proposal-1: Range of frame-level offset could be from 1 to 16 frames. Reuse firstPDCCH-MonitoringOccasionOfPO ranges for PEI.
PEI SS set config
	Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0




The issue with above agreement is that it unnecessary increases SIB overhead, which is particularly problematic in SIB1 where this field will be most likely present. nrofCandidates IE is the following:

nrofCandidates SEQUENCE {
aggregationLevel1 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
aggregationLevel2 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
aggregationLevel4 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
aggregationLevel8 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
aggregationLevel16 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
} OPTIONAL, -- Cond Setup

Further, in legacy all the CSS (excluding RA) use the Table in above agreement. In addition, same CSS could be used for both Paging and PEI, this causing ambiguity on how many candidates UE shall monitor in MO of a search space.  Therefore, it could be clarified in spec that if nrofCandidates is not configured, UE assumes Table 10-1.1 as default number of monitored PDCCH candidates for PEI. 

Proposal-2: If nrofCandidates is not configured, number of candidates for PEI CSS is given by Table 10.1-1 in TS38.213
· Note: This allows gNB to reduce SIB1 overhead by 15bits
UE requirements for PEI
	Proposed conclusion:
Alt 1: It is up to UE implementation whether the UE monitors the MO(s) for a PEI
· If UE decides to not to monitor PEI, it has to monitor UE’s PO as defined in 38.304


It has been agreed that a frame offset of PEI frame form PO frame is configured by gNB. As a consequence, a gNB saving resources and UE with unfortunate paging frame location may not achieve power-saving. Therefore, it should be up to UE implementation whether UE monitors MO(s) for PEI or monitors as in legacy, when a gNB configuration cannot achieve power saving. If Conclusion is agreed, RAN2/4 should be informed.
Proposal-3: Conclude above Alt 1 and inform RAN2/RAN4 about the conclusion.
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 configured 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, DMRS present within entire CORESET can provide the same degree of synchronization benefit as TRS, given that such DMRS are transmitted in two consecutive PDCCH monitoring occasions of same QCL. 
Moreover, DMRS transmitted in entire CORESET: 
· may still maintain the assumption that precoder is fixed per CCE. 
· from rate-matching point view, dynamic CORESET rate-matching is mandatory feature which can ensure there is no collision between 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.
· gNB may multiplex PDCCHs for multiple UEs in the same MO
Finally, in RAN1#107, it has been agreed that only non-zero CSS can be used as PEI CSS, this gives gNB enough flexibility to avoid collisions between PDCCH DMRS and other signals.
Observation-1: For Idle UEs, gNB must avoid overlapping of CORESET#0/CommonCORESET and PDSCH. For RRC connected UEs, gNB may configure UE to rate-match dynamically around entire CORESET#0/CommonCORESET (as mandatory feature).
Observation-2: When gNB indicates transmitting PDCCH DMRS in entire CORESET#0/CommonCORESET, the UE may use DMRS as sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization. There is clear benefit for UE.
Proposal-4: Consider introducing PDCCH DMRS transmitted in an entire CORESET#0/CommonCORESET configured by SIB1/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/wide-band precoding can be assumed in CORESET#0/CommonCORESET, i.e. no change from R15/R16 required.
· introduce parameter to indicate that DMRS are transmitted by gNB in entire CORESET
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: Range of frame-level offset could be from 1 to 16 frames. Reuse firstPDCCH-MonitoringOccasionOfPO ranges for PEI.
Proposal-2: If nrofCandidates is not configured, number of candidates for PEI CSS is given by Table 10.1-1 in TS38.213
· Note: This allows gNB to reduce SIB1 overhead by 15bits
Proposal-3: Conclude above Alt 1 and inform RAN2/RAN4 about the conclusion.
Observation-1: For Idle UEs, gNB must avoid overlapping of CORESET#0/CommonCORESET and PDSCH. For RRC connected UEs, gNB may configure UE to rate-match dynamically around entire CORESET#0/CommonCORESET (as mandatory feature).
Observation-2: When gNB indicates transmitting PDCCH DMRS in entire CORESET#0/CommonCORESET, the UE may use DMRS as sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization. There is clear benefit for UE.
Proposal-4: Consider introducing PDCCH DMRS transmitted in an entire CORESET#0/CommonCORESET configured by SIB1/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/wide-band precoding can be assumed in CORESET#0/CommonCORESET, i.e. no change from R15/R16 required.
· introduce parameter to indicate that DMRS are transmitted by gNB in entire CORESET
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