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Introduction
In RAN1 106-e meeting [1], a conclusion was made to down select one solution for PEI physical layer channel/signal and a working assumption was proposed to consider PDCCH based PEI as final solution as given below. 

	Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI

Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but cannot be accepted by 3 companies, i.e., Intel, CATT, Sony.


According to the FL summary in RAN Plenary 93-e meeting [2], a conclusion related to the physical layer channel/signal of PDCCH based PEI, reached to consensus as given below. 
	Conclusion for Issue 1
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



In this contribution we provide our views on the physical layer channel/signal of PDCCH based PEI for paging indication. 
PDCCH based PEI Payload sharing 
	PDCCH based PEI can be used to carry the UE subgroup’s paging indication, and TRS availability indication. For this purpose, the payload of PEI, which contains bitsfields, can be partitioned into two sets. Each set may use different indication methods i.e. bitmap or codepoints. For instance, the first set of bit fields may use bitmap to inform idle/inactive UEs or subgroups of UEs for paging, and the second set of bit fields may use bitmap or codepoints to inform the availability indication of TRS to the idle/inactive UE. In this way, a PDCCH based PEI can be used as a shared physical layer signal to inform an idle/inactive UE or subgroups of UEs for paging and TRS availability indication. 
Observation 1: Shared physical layer signaling of PDCCH based PEI to inform an idle/inactive UE or subgroups of UEs for paging and TRS availability indication reduces the L1 signaling overhead significantly.  
Proposal 1: Consider PDCCH based PEI to indicate idle/inactive UE or subgroups of UEs for paging and TRS availability indication.
New DCI Format
A new DCI Format for PDCCH based PEI can be used to notify the paging indication before a paging occasion. The New DCI format with CRC can be scrambled by a new RNTI i.e. PEI-RNTI in order to differentiate it from paging and other DCI formats. Two necessary fields can be included in the new DCI format such as paging indication, and TRS availability indication. The starting position of each field can be configured by higher layer. The payload capacity of New DCI format can be planned to cover at least the indication of the maximum number of subgroups for paging, which is 8 subgroups, and the reserved bits capacity of paging DCI for TRS availability indication, which is 6 bits. For instance, at least 14-bits payload can be used for New DCI format, with the following fields. 
· A bitmap for Paging Indication, and the bitmap size is equal to the number of subgroups configured for paging where each bit of the bitmap corresponds to a UEs subgroup configured for paging, where as
· The UE subgroup may not proceed for paging monitoring when the value of indication bit is '0' and
· The UE subgroup may proceed for paging monitoring when the value of indication bit is '1'
· A bitmap or codepoints for TRS availability indication which location is immediately after the bitmap for paging indication location.   
Proposal 2: Consider a New DCI format to transmit PEI for idle/inactive UE with the payload size to cover: at least the indication of 8 subgroups for paging in a PO and the reserved bits capacity of paging DCI which is used for TRS availability indication. 
PEI Monitoring Occasion 
PEI can be configured to the idle/inactive UE in time domain location before the incoming paging occasion and after the previous paging occasion. An idle/inactive UE is out of synchronization with the network, which needs at least 1 SSB burst in good channel conditions and 3 SSBs burst in bad channel conditions for AGC and T/F synchronization before PEI monitoring. Referred to the incoming paging occasion, the location of PEI monitoring occasion before incoming paging occasion needs at least 1 SSB in good channel condition and 3 SSBs in bad channel condition as shown in Figure 1 and 2 respectively. In this case, the time domain location of PEI is near to the incoming paging occasion which can be used for paging indication to the UEs subgroups but cannot be used for TRS availability indication. 
On the other hand, a PEI monitoring occasion referred to the previous paging occasion for the incoming paging occasion, needs at least 1 SSB burst in good channel condition and 3 SSBs in bad channel condition as shown in figure 3 and 4 respectively. In this case a PEI can be used for indication of both subgroups paging indication and TRS availability indication. In our view, PEI monitoring time location shall be configured referred to the previous paging occasion for the incoming paging occasion. 
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Figure 1 PEI Monitoring occasion referred to the incoming PO with 1 SSB
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Figure 2 PEI Monitoring occasion referred to the incoming PO with 3 SSBs
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Figure 3 PEI Monitoring occasion referred to the previous PO for incoming PO with 1 SSB
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[bookmark: _GoBack]Figure 4 PEI Monitoring occasion referred to the previous PO for incoming PO with 3 SSBs

Observation 2: PEI Monitoring location referred to the incoming PO will let PEI to be used only for paging indication and cannot be used for TRS indication.
Observation 3: PEI Monitoring location referred to the previous PO for the incoming PO will let PEI to be used for both paging indication and TRS availability indication.
Proposal 3: Consider PEI Monitoring occasion referred to the previous paging occasion for the incoming paging occasion to utilize PEI efficiently for paging indication and TRS availability indication. 

Conclusions
In this contribution, we discussed the mapping design of UE’s subgroups for paging indication and made the following observations and proposals.
Observation 1: Shared physical layer signaling of PDCCH based PEI to inform an idle/inactive UE or subgroups of UEs for paging and TRS availability indication reduces the L1 signaling overhead significantly.  
Observation 2: PEI Monitoring location referred to the incoming PO will let PEI to be used only for paging indication and cannot be used for TRS indication.
Observation 3: PEI Monitoring location referred to the previous PO for the incoming PO will let PEI to be used for both paging indication and TRS availability indication.

Proposal 1: Consider PDCCH based PEI to indicates idle/inactive UE or subgroups of UEs for paging and TRS availability indication.
Proposal 2: Consider a New DCI format to transmit PEI for idle/inactive UE with the payload size to cover: at least the indication of 8 subgroups for paging in a PO and the reserved bits capacity of paging DCI which is used for TRS availability indication. 
Proposal 3: Consider PEI Monitoring occasion referred to the previous paging occasion for the incoming paging occasion to utilize PEI efficiently for paging indication and TRS availability indication. 
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