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1. [bookmark: _Ref298777854]Introduction
In RANP#93-e meeting [1], the following conclusion on idle/inactive paging enhancement were made.
(Conclusion for Issue 1, Section 7, RP-212611)
Support PDCCH-based PEI as the only option
· Only essential function for PEI is supported
· 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 discuss sub-bullet number three, i.e., aspects related to PEI monitoring/transmission occasions.
Discussion on PEI monitoring/transmission occasion(s) 
We start with design of PEI monitoring/transmission occasion(s). We then address aspects related to configuration of PEI occasion(s). 
Design of PEI monitoring/transmission occasion(s)
When designing the PEI occasions, the following aspects need to be taken into consideration. We describe UE and network behavior when monitoring PEI occasion or transmitting in the designated PEI occasion when necessary.
· Time-distance or time-duration between PEI occasion and SBB prior to PEI occasion – The PEI needs to be transmitted before the upcoming POs and for its detection the UE needs to be synchronized to the network to be able to receive/detect the PEI. Moreover, at least one SSB needs to be received by the UE for serving cell measurement. This SSB(s) can also be used for synchronization when detecting PEI. Therefore, to obtain a better power saving gain, the PEI occasion should be located near and after SSB burst. With this, the UE can wake up once to receive both SSB and PEI avoiding any additional power consumption due to unnecessary wake-up or state transition.
· Duration of PEI occasion(s) – When scheduling the PEI, there will be multiplexing of PDCCH-PEI with other PDCCH/PDSCH DL transmissions of other UEs. To allow flexible scheduling, inclusion of a timing (or timing and frequency – search space) window for scheduling of PEI is necessary. This means that instead of having only one occasion for PEI transmission/reception, a window with multiple opportunities for PEI transmission/reception is considered to support co-existence of PEI with other traffic. From these multiple opportunities, basically, the gNB selects the one where the PEI transmission would not block other legacy transmissions. On the UE side, the UE listens for potential PEI by starting to monitor the first PEI opportunity and as soon as the UE has detected a PEI, the UE continues to prepare for paging DCI and paging message. Since the PEI carries wake-up functionality, the UE can basically skip monitoring the remaining opportunities if a PEI is detected.
· Multi-beam operation – When designing PEI occasion, support of multi-beam operation is necessary. To address this, the timing window duration, described above, is selected to allow transmission of PEI on all beam directions, similar to multi-beam operation in legacy PO. The PEI opportunities is associated with different beams in a multi-beam operation scenario. To support co-existence, more than one PEI opportunity can be associated with the same beam. The UE, however, can perform measurement in advance on all the SSBs received prior to PEI occasions and determine which SSB has the best receive quality. The UE, then, can select to only monitor the PEI occasion which is associated with the SSB having best quality and no need to monitor all the PEI occasions.
· Distance or time-duration between PEI occasion and PO – After PEI detection, the UE needs to prepare for the detection of paging DCI and paging message for instance obtaining fine synchronization through reading more SSB(s). A certain time-gap therefore needs to be inserted between the final PEI monitoring/transmission occasion of the window and the earliest time at which a paging DCI or paging message can be received. The time-gap should be selected such as to accommodate at least one SSB for UEs not being in good coverage. However, the time-gap should not be very long to avoid additional power consumption resulting from unnecessary state transition.
In summary, the design of PEI monitoring/transmission occasion(s) needs to be, at least, based on (see simple illustration in Figure 1) 
· a small time-gap between SSB (prior to PEI occasion) and first PEI occasion, this to reduce unnecessary state transition and synchronization cost,
· an offset with respect to the start of PO, this to determine the first PEI occasion,
· inclusion of a window or time duration following the first PEI occasion to accommodate multiple PEI opportunities/occasions, this to support both flexible scheduling and co-existence with other UE traffic as well as multi-beam operation,
· inclusion of a minimum time-gap between the last PEI occasion and the earliest PO, this to allow the UE to prepare for reception of paging DCI and paging message.   
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Figure 1 - Design of PEI occasions


Proposal 1 – Support PEI monitoring/transmission occasion(s) to be based on 
· a small time-gap between SSB (prior to PEI occasion) and first PEI occasion, this is to reduce unnecessary state transition and synchronization cost,
· an offset with respect to the start of PO, this to determine the first PEI occasion,
· inclusion of a window or time duration, following the first PEI occasion, to accommodate multiple opportunities for PEI monitoring/transmission, this to support both flexible scheduling and co-existence with other UE traffic as well as multi-beam operation, 
· inclusion of a minimum time-gap between the last PEI occasion and the earliest PO, this to allow the UE to prepare for reception of paging DCI and paging message.

PEI occasion configuration 
The configuration of PEI occasion can explicitly be conveyed by gNB to UE using system information block (SIB), containing the following information:
· a time offset relative to the start of an associated PO, to indicate the start of PEI monitoring,
· time and frequency resources since multiple PEI opportunities are configured within a time window (i.e., multiplexed in time domain) and/or within a frequency allocation (i.e., multiplexed in frequency domain),
· number of PEI occasions for multi beam operation and the association between PEI occasions and SSB, 
· minimum time-gap between last PEI occasion and associated PO.
Proposal 2 – Support SIB based configuration of PEI, including
· a time offset relative to start of an associated PO, to indicate start of PEI monitoring,
· time and frequency resources since multiple PEI opportunities are configured within a time window (i.e., multiplexed in time domain) and/or within a frequency allocation (i.e., multiplex in frequency domain),
· number of PEI occasions for multi beam operation and the association between PEI occasions and SSB, 
· minimum time-gap between last PEI occasion and associated PO.
Conclusion
In this contribution, the following proposals are made:

Proposal 1 – Support PEI monitoring/transmission occasion(s) to be based on 
· a small time-gap between SSB (prior to PEI occasion) and first PEI occasion, his to reduce unnecessary state transition and synchronization cost,
· an offset with respect to the start of PO, this to determine the first PEI occasion,
· inclusion of a window or time duration, following the first PEI occasion, to accommodate multiple opportunities for PEI monitoring/transmission, this to support both flexible scheduling and co-existence with other UE traffic as well as multi-beam operation, 
· inclusion of a minimum time-gap between the last PEI occasion and the earliest PO, this to allow the UE to prepare for reception of paging DCI and paging message.

Proposal 2 – Support SIB based configuration of PEI, including
· a time offset relative to start of an associated PO, to indicate start of PEI monitoring,
· time and frequency resources since multiple PEI opportunities are configured within a time window (i.e., multiplexed in time domain) and/or within a frequency allocation (i.e., multiplex in frequency domain),
· number of PEI occasions for multi beam operation and the association between PEI occasions and SSB, 
· minimum time-gap between last PEI occasion and associated PO.
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