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Introduction
RAN#93 reached the following conclusion on PEI design and revised WID in [1].

	conclusion:
Issue 1 (How to proceed PEI in Rel-17):
· 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 
		



What is left is the design of PEI, which we discuss in this contribution.
Signaling details for PDCCH PEI
Sub-group design
	Proposal 2-1a
For PDCCH-based PEI,
1. Subgroups indication provided is by PEI-only
1. Include code-point based mapping, in addition to bit-map based mapping, for subgroups indication
1. N + 1 code-points for indicating N individual subgroups and one common indication to all subgroups when more than one subgroup is indicated.
1. Up to 4 bits for maximum of 8 UE subgroups
1. FFS: Detailed DCI content design


Regarding a), we do support that it should be only in PEI. There is no benefit from indicating sub-groups in Paging DCI in NR, because cross-slot scheduling cannot be guaranteed for paging PDSCH.
Proposal-1: Sub-groups indication is provided only by PEI.
Regarding b), the main motivation for codepoints is to reduce PEI overhead. However, if network wants to reduce overhead within the PDCCH, it should configure less sub-groups, and we do not see how an eNB could have more knowledge to optimize sub-grouping compared to core. 
Proposal-2: Only bitmap-based mapping is supported for sub-groups.
Monitoring occasions
	Proposal 3-1a
For PDCCH-based PEI, 
· Determination of PEI monitoring occasion(s) is based on,
· A search space configuration specifying periodic durations of the candidate monitoring occasions
· The search space configuration can be dedicated for PEI or based on existing common search space configuration, e.g., pagingSearchSpace
· FFS how to indicate the reference and include additional restriction if an existing common search space configuration is referenced
· A minimum time offset before the start of UE’s PF
· FFS range and unit of the minimum time offset
· A maximum time offset between PEI monitoring occasion(s) and the start of the earlier and nearest SS burst
· FFS range and unit of the maximum time offset
· UE monitors all candidate monitoring occasion(s) in the earlier and nearest duration to the start of UE’s PF and subject to the minimum time offset w.r.t. the start of UEs’ PF and the maximum time offset w.r.t. the start of the earlier and nearest SS burst 


In general, we are fine with the above proposal. There should be minimum and maximum time offset configured for UE to monitor for PEI, this window relative to PF. A separate SS-set is configured for the UE 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 OPTIONAL, -- Need S

...,
and UE monitors all the monitoring occasions of that search-space for DCI format scrambled with PEI-RNTI. Payload size is configured, position of sub-groups bitmap DCI field within DCI format is configured, and gNB may also indicate that sub-grouping is not supported in this cell, in this case the size of the bitmap is 1bit.
Proposal-3: 
· For PEI monitoring a gNB may configure
· monitoring window by minimum and maximum offset relative to PF
· pei-SearchSpace which can be full SearchSpace or MIB-configured SS#0
· PEI-RNTI
· payload size of DCI format
· position of DCI field 
· UE monitors PEI in all MOs of the monitoring window
Regarding whether certain amount of SSBs should be ensured between minimum offset and PF, we think it should be left up to gNB to decide, and given gNB configuration and UE conditions, the UE may or may not decided to utilize PEI. 
Proposal-4: How many SSBs are between minimum monitoring offset and PF is left up to gNB configuration.
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-5: 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.

Conclusions 
Regarding the PEI design we had the following observations and proposals:
Proposal-1: Sub-groups indication is provided only by PEI.
Proposal-2: Only bitmap-based mapping is supported for sub-groups.
Proposal-3: 
· For PEI monitoring a gNB may configure
· monitoring window by minimum and maximum offset relative to PF
· pei-SearchSpace which can be full SearchSpace or MIB-configured SS#0
· PEI-RNTI
· payload size of DCI format
· position of DCI field 
· UE monitors PEI in all MOs of the monitoring window

Proposal-4: How many SSBs are between minimum monitoring offset and PF is left up to gNB configuration.
Proposal-5: 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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