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Introduction
In this contribution, we discuss our views on the remaining issues of paging enhancement for idle/inactive UE power saving.

PEI RNTI
PEI-DCI (DCI format 2_7) with CRC scrambled by PEI-RNTI can differentiate the DCI format 2_7 from paging PDCCH and other DCI formats. Although the size of DCI format 2_7 is different from paging DCI and scrambling the DCI format 2_7 with the existing paging RNTI may differentiate it from paging PDCCH. However, PEI is a new feature of Rel-17 which is not supported by legacy UEs, and using the existing paging RNTI may mislead the legacy UEs to decode the DCI format 2_7as paging PDCCH. Therefore, to avoid any conflict with PDCCH channel and legacy UEs it is necessary to consider a new RNTI for DCI format 2_7. 
Furthermore, in RAN1#107-e meeting email discussion the following two alternatives related to the value of PEI RNTI were discussed. 
· Alt1: RNTI value is configurable in SIB for the cell 
· Alt2: RNTI value is fixed and not configurable.
In our view, Alt1 will unnecessarily increase the SIB overhead. For Alt2, i.e. fixed value for RNTI, is a more feasible option, as there are reserved RNTI values available in NR. Thus using a fixed value from the reserved values may reduce the SIB overhead and specification efforts. 
Proposal 1: Support PEI-RNTI with a fixed RNTI value for DCI format 2_7
	
PEI Occasion Determination
Regarding the PEI-O the following agreement has been agreed in RAN1#107-e meeting. 
	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.




For the PEI-O, 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 as agreed in RAN1#107-e meeting. Regarding the frame level offset, in our view, a frame level offset should be define according to the SSB burst periodicity to ensure that the first PO in the first PF of the PF(s) associated with the PEI-O is at least one SSB or three SSB bursts (according to the channel condition) after the PEI transmission. For instance, when a network transmits a PEI to an idle/inactive UE, the network may configure a frame offset of at least two radio frames, between the reference point and the start of the first PF of the PF(s). It will ensure that an idle/inactive UE can receive at least one SSB burst (with 20m Sec periodicity) for synchronization before the first PO of the first PF as shown in Figure 1. Similarly, in case of bad channel conditions, the frame level offset from the start of the first PF of the PF(s) associated with the PEI-O can be 6-radio frames to ensure that the idle/inactive UE receives 3 SSB bursts (with 20m Sec periodicity) before the first PO of the first PF for synchronization as shown in Figure 2. 
In addition, as the maximum SSB bursts periodicity in NR is 160m sec. In this case, to guarantee that an idle/inactive UE can receive at least one SSB burst (with 160m Sec periodicity) for synchronization before the first PO of the first PF, it is necessary to consider at least 16 radio frames. Similarly, in case of bad channel conditions, the frame level offset from the start of the first PF of the PF(s) associated with the PEI-O can be 48-radio frames to ensure that the idle/inactive UE receives 3 SSB bursts (with 160m Sec periodicity) before the first PO of the first PF for synchronization.
[bookmark: _GoBack]Consequently, to guarantee synchronization of an idle/inactive UE with the network in both FR1 and FR2, a frame level offset from the first PO of the first PF of the PF(s) associated with the PEI-O, should be in the range of  {2, …. , 48} radio frames. 
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Figure 1 Frame Level Offset with 2 Frames Offset
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Figure 2 Frame Level Offset with 6 Frames Offset

For the symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, in our view, it can be define according to the firstPDCCHmonitoringOccasionOfPO as defined in DownlinkConfigCommonSIB of clause 6.2.3 in TS 38.331. 
Observation 1: A frame level offset of 2 radio frames satisfy the condition of one SSB burst with 20m sec periodicity between the reference point and the first PO of the first PF of the PF(s) associated with the PEI-O. 
Observation 2: A frame level offset of 6 radio frames satisfy the condition of three SSB bursts with 20m sec periodicity between the reference point and the first PO of the first PF of the PF(s) associated with the PEI-O. 
Proposal 2: For the frame level offset between the PEI-O and the first PF of the PFs associated with PEI-O, a flexible range of frame level offset; i.e. {2, …. , 48} radio frames offset should be defined to guarantee the idle/inactive UE synchronization before paging. 
Proposal 3: Define the symbol level offset from the reference point to the start of the first PDCCH MO of PEI-O according to the firstPDCCHmonitoringOccasionOfPO as defined in TS 38.331. 
PEI and PO Monitoring
In RAN1#107-e email discussion another issue related to the UE behaviour for PEI and PO monitoring without monitoring the PEI was discussed as given below.
	For a UE supporting Rel-17 paging enhancement feature, it is RAN1 understanding that it is up to the UE implementation whether the UE monitors the MO(s) for a PEI (No RAN1 spec impact)
· If UE decides to not to monitor PEI, it has to monitor UE,s PO as defined in 38.304 (No RAN1 spec impact)



Regarding the UE behaviour i.e.  If UE decides not to monitor PEI, and it has to monitor UE’s PO; this behaviour will unnecessarily wake up an idle/inactive UE to monitor the paging PDCCH even if the UE is not paged by the network and increase its power consumption. Furthermore, due to this behaviour an idle/inactive UE will always monitor the paging PDCCH of each PO just like legacy UE, even if the UE is not paged by the network. For this reason, this UE’s behaviour is not feasible for Rel-17 paging enhancement. 
Observation 3: If an idle/inactive UE has decided not to monitor a PEI and monitor the UEs PO, it will unnecessarily wake up the UE for paging PDCCH monitoring even if the UE is not paged by the network. 
Proposal 4: If an idle/inactive UE decides not to monitor PEI, the UE has not to monitor the PO and stay in sleeping mode. 
Conclusions
In this contribution, we discussed the remaining issues of paging enhancement for idle/inactive UE and made the following observations and proposals.
Observation 1: A frame level offset of 2 radio frames satisfy the condition of one SSB burst with 20m sec periodicity between the reference point and the first PO of the first PF of the PF(s) associated with the PEI-O. 
Observation 2: A frame level offset of 6 radio frames satisfy the condition of three SSB bursts with 20m sec periodicity between the reference point and the first PO of the first PF of the PF(s) associated with the PEI-O. 
Observation 3: If an idle/inactive UE has decided not to monitor a PEI and monitor the UEs PO, it will unnecessarily wake up the UE for paging PDCCH monitoring even if the UE is not paged by the network. 

Proposal 1: Support PEI-RNTI with a fixed RNTI value for DCI format 2_7
Proposal 2: For the frame level offset between the PEI-O and the first PF of the PFs associated with PEI-O, a flexible range of frame level offset; i.e. {2, …., 48} radio frames offset should be defined to guarantee the idle/inactive UE synchronization before paging. 
Proposal 3: Define the symbol level offset from the reference point to the start of the first PDCCH MO of PEI-O according to the firstPDCCHmonitoringOccasionOfPO as defined in TS 38.331. 
Proposal 4: If an idle/inactive UE decides not to monitor PEI, the UE has not to monitor the PO and stay in sleeping mode
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