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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#107-e, there were agreements achieved for the DCI format, monitoring occasions and aggregation levels for PDCCH-based PEI. This contribution discusses the remaining issues of PDCCH-based PEI. Corresponding TPs are proposed accordingly.
[bookmark: _Ref129681832]The remaining issues for detailed design of PDCCH-based PEI
[bookmark: _Ref82716516]Monitoring occasion for PDCCH-based PEI
In RAN1#107-e, the monitoring occasion for PDCCH-based PEI was discussed and PEI-O (PEI occasion) location was determined as the following agreement. The value range of the frame-level offset and symbol-level offset are still FFS. In this section, we discuss the remaining issues for the monitoring occasion of PEI occasion.
	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.
· 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
· 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.


Value ranges of frame-level offset and symbol-level offset
Frame-level offset
The value range of the frame-level offset determines how far the PEI occasions are placed before the first PF of associated PF(s), in another word, it determines how early UE needs to wake up before the target PO to receive PEI, therefore it will significantly impact the power saving gain that PEI can provide. Based on the observations agreed for power saving gains in several previous meetings, the majority companies observed more power saving gain if PEI occasions locate close to an earlier SS burst among the SS bursts that need to be received before a PO, in which case, when the PEI indicates no paging, the UE could skip more SS burst(s) and light sleep duration/transition. 
For UEs with low SNR and RedCap UEs with reduced number of Rx chains, three SS bursts may be required for time-frequency tracking for paging PDSCH reception. And as evaluated in several previous meetings, the UE with low SINR can also use only one SS burst for time-frequency tracking for PEI. Therefore, a promising configuration of PEI occasions for low SNR and Redcap UEs would be placing the PEI occasion just after the third nearest SS burst before the target PO, as illustrated in Figure 1. So after the reception of that SS burst and the PEI, the UE can skip the remaining two SS bursts and the corresponding paging PDCCH/PDSCH if no paging is indicated in the PEI, which can maximize power saving gain. To support such case, for the typical 20ms SS burst periodicity, the frame-level offset should support the values of 5 or 6 frames to enable the configuration where 2 SS bursts can be placed in the time duration between the PEI occasion and the target PO as illustrated in Figure 1.
The larger SS burst periodicity is supported by the standard, which should be also considered as a potential scenarios, when PEI is configured. If large SS burst periodicity is configured by ssb-PeriodicityServingCell as 40ms, 80ms and 160ms, there could be in general two alternatives:
· Alt 1: Directly set the frame-level offset values in units of radio frames, so it would require rather wide value range for the frame offset, which would require a maximum of 12 radio rames for 40ms SSB periodicity, 24 radio frames for 80ms SSB periodicity and 48 radio frames to support the SSB periodicity of 160ms. If a common value range is given, the value range of {0, 1, 2,……,47} needs to be supported. 
· Alt 2: Set the frame-level offset in units of half SSB periodicity (40ms, 80ms and 160ms), which is the same as Alt.1 when the SSB periodicity is 20ms, and no matter what SSB periodicity is configured, only a maximum of 3 SSB periodicities needs to be configured to idle/inactive mode UEs. Therefore, the value range can be just {0, 1, 2, 3, 4, 5, 6} regardless of the SSB periodicity. 
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(a) Frame-level offset as 5 frames
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(b) Frame-level offset as 6 frames
[bookmark: _Ref91748718]Figure 1 Frame-level offset supporting 5 or 6 radio frames to enable 2 SS bursts in the time duration between PEI and associated PF(s) for 20ms SSB periodicity
For UEs with high SINR, which might require only one SS burst for time/frequency tracking for paging PDSCH reception before paging occasion, it would be a promising configuration for these UEs to place the PEI after the nearest SS burst before the PO and no additional SS bursts are in the time duration between PEI and the target PO. To support this case, the frame-level offset should support 1, 2 or even zero frames offset, as illustrated in Figure 2(a). 
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(a) Frame-level offset as 0 frame
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(b) Frame-level offset as 1 frame
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(c) Frame-level offset as 2 frames
[bookmark: _Ref91749755]Figure 2 Frame-level offset is set as 0, 1, or 2 frames to enable no SS burst in the time duration between PEI and associated PF(s)
Similarly, 3 and 4 frames may be needed to support configuring one SS burst in the time duration between PEI and associated PF(s).
Comparing the Alt.1 and Alt.2, Alt.2 can provide more scalable configuration/design for different SS burst periodicity. Although 20ms SS burst periodicity is the typical configuration today, larger SS burst periodicity may be used in future for energy saving of network. Therefore, Alt.2 is preferred.
Proposal 1: For the values for the frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O, support an integer number X of half SS burst periodicity, where X is a number in the value range of {0,1,2,3,4,5,6}.
Symbol-level offset
The values for symbol-level offset provided by firstPDCCH-MonitoringOccasionOfPEI-O aim at ensuring the start of the first monitoring occasion of PEI can be configured at proper locations in symbol level. Considering frame-level offset can be already configured, the symbol level offset just needs to provide the flexibility to configure the first MO of PEI within a radio frame. 
Proposal 2: For the symbol-level offset from the reference point, determined by the start of frame-level offset, to the start of the first PDCCH monitoring occasion of PEI-O, support the values of:
· {0..139} for SCS 15kHz
· {0..279} for SCS 30kHz
· {0..559} for SCS 60kHz
· {0..1119} for SCS 120kHz
Time gap before the PO
Besides the value of frame-level offset and symbol-level offset, there are also some other remaining issues for monitoring occasions of PEI. The first one is about the time gap between PEI-O and the target PO. UE always need time to process the PEI-DCI before the target PO. Furthermore, if RedCap is deployed, there could exist a potential BWP switching between the PEI reception and PO reception, if separated initial downlink BWP is introduced, a non-zero time gap between the PEI-O and the start of the target PO may be necessary depending on the conclusion in RedCap session. The gap is similar as the MinTimeGap introduced for monitoring DCI format 2_6 in Rel-16, where the UE is not required to monitor DCI format 2_6 during the time gap defined by the MinTimeGap. Similar time gap can be introduced based on the idle/inactive mode UE capability and the agreements in RedCap, before the start of PO. And it can be fixed in the specification for simplicity.
It might be considered that if a rather large frame level offset is configured, the monitoring occasion of PEI-O would locate far away from the start of PO and it is unnecessary to introduce another gap for PEI design. However, as discussed in Section 2.1.1, the network may configure the monitoring occasion of PEI-O after the nearest SS burst before target PO considering the concerned UEs for power saving and paging delay, therefore, the gap still needs to be defined in the specification. And UE does not monitor the PEI occasions during the gap. 
Proposal 3: UE is not required to monitor PDCCH PEI during the Y ms prior to the start of the target PO, which is used for UE processing of PEI before the PO. 
Proposal 4: Adopt the TP 1 in TS38.213.

	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]<----------Text proposal 1----------->
10.4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
----------------------------------------------------- skipped text part ---------------------------------------------------
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , and  are defined in [17, TS 38.304]. When the value is ‘1’, the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.
UE is not required to monitor DCI format 2_7 during the Y ms prior to the beginning of the associated paging occasion.
< Unchanged parts are omitted >
----------------------------------------------------- End of Text Proposal --------------------------------------------------



RNTI for PEI DCI
The RAN1#106bis-e agreed that a new DCI format to carry the PEI information, and RAN1#107-e, it was agreed that the DCI payload size for PEI-DCI is required to be no larger than payload size of paging DCI. Therefore the payload size of PEI-DCI can be configured the same as that of paging PDCCH. In this case, reusing P-RNTI to scramble the CRC of PEI-DCI impacts the paging reception for legacy UEs. Furthermore, in general, RNTI is used to control the monitoring behavior of DCIs of a UE. Considering PEI DCI is introduced for a new functionality, a new RNTI should be introduced to keep the specification clear and future proof.
It seems the common understanding in RAN1#107 to introduce new RNTI, i.e. PEI-RNTI. The controversial part is whether the new RNTI is fixed in the specification or configurable. In our view, both fixed and configurable PEI-RNTI are acceptable.
Proposal 5: A new RNTI, PEI-RNTI, is used to scramble the CRC of PEI-DCI for idle/inactive mode UEs. And adopt the TP 2 in TS38.213.

	<----------Text proposal 2 for TS 38.213----------->
10.4A	PDCCH monitoring for early indication of paging
----------------------------------------------------- skipped text part ---------------------------------------------------
A UE can be provided the following for detection of a DCI format 2_7 with CRC scrambled by PEI-RNTI in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
< Unchanged parts are omitted >
----------------------------------------------------- End of Text Proposal --------------------------------------------------



Usage of PEI for RedCap UEs
In RAN#91 meeting, a note was added in RedCap WID to claim that power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
Therefore, the design for PEI also needs takes RedCap progress into consideration and adopt necessary agreements to enable PEI for RedCap UEs if needed. For example, there is some discussion in RedCap regarding whether fast retuning of BWP is introduced for RedCap UE. The design of PEI should also consider this possibility.
Proposal 6: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.
In RAN1#106-e and 106bis-e, the initial downlink BWP for RedCap UEs was discussed in depth and some proposal for separate initial DL BWP for RedCap UEs was discussed as shown in Appendix A. As the proposal, a separate initial DL BWP may be introduced for RedCap UEs in Rel-17. According to the discussion, when the separate initial DL BWP is introduced, there are options that paging reception is still within the MIB-configured initial DL BWP. If these proposals are adopted in RedCap WI, there is no special issues need to be considered for PEI design.
There are some other options to consider RedCap UEs monitor paging PDCCH on separate initial DL BWP while measure SSB in legacy initial DL BWP. In this case, the PEI occasion design need to consider the RedCap situations. From the frequency domain point of view, the PEI should be transmitted in the bandwidth of CORESET0, i.e. the legacy initial DL BWP. The UE does the serving cell measurement, time/frequency tracking etc. by receiving SS bursts in the bandwidth of CORESET0, and it is natural to monitor PEI in the same initial DL BWP. If the proposals is adopted by RedCap WI that paging reception is also allowed to be configured in the separate initial DL BWP: 
· When PEI indicates there is no paging message, the UE just go to sleep and there is not any RF retuning required; 
· When PEI indicates there is paging message for the UE, the UE can retune to the bandwidth of the configured separate initial DL BWP for the reception of paging. And if RF retuning is required between SSB reception and paging reception, the minimum time offset between PEI and PO should insure to meet the RF retuning capability of RedCap UEs.
Considering the introduction of sub-grouping, the probability when UE needs to wake-up to receive the PO can be controlled very low, e.g. much lower than 10%. Considering this, the probability when UE needs RF retuning to the separate initial DL BWP is expected to be very low even if the proposals are adopted by RedCap WI that paging reception is also allowed to be configured in the separate initial DL BWP
[image: ]
Figure 3 Time interval between PEI and PO reception should consider the RF retuning for Redcap UEs.
Proposal 7: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.
UE behavior on whether to monitor PEI-DCI
In RAN1#107-e, the UE behavior on whether to monitor PEI-DCI was discussed and there was a proposed conclusion as follows, which was not concluded just due to the limited time.
	Proposed conclusion (Apple update; also no objection so far):
For a UE supporting R17 paging enhancement feature, it is RAN1 understanding that It is up to 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)



In our view, the proposed conclusion is reasonable. Since the PEI-O configuration might not be optimal for all the UEs in the cell with respect to UE capability/location, PEI-O location configuration and other situations. If the power saving benefit seems not attractive based on the above considerations, the UE supporting Rel-17 paging enhancements can choose to follow the Rel-15/16 paging reception procedure and not to monitor PEI-DCI, which has no specification or paging reception impact.
Proposal 8: Make the proposed conclusion in RAN1#107-e, which was not concluded due to the time limit:
For a UE supporting R17 paging enhancement feature, 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.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the paging procedure enhancement. Based on the analysis, we have the following observations and proposals:
Proposal 1: For the values for the frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O, support an integer number X of half SS burst periodicity, where X is a number in the value range of {0,1,2,3,4,5,6}.
Proposal 2: For the symbol-level offset from the reference point, determined by the start of frame-level offset, to the start of the first PDCCH monitoring occasion of PEI-O, support the values of:
· {0..139} for SCS 15kHz
· {0..279} for SCS 30kHz
· {0..559} for SCS 60kHz
· {0..1119} for SCS 120kHz

Proposal 3: UE is not required to monitor PDCCH PEI during the Y ms prior to the start of the target PO, which is used for UE processing of PEI before the PO. 
Proposal 4: Adopt the TP 1 in TS38.213.

	<----------Text proposal 1----------->
10.4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
----------------------------------------------------- skipped text part ---------------------------------------------------
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , and  are defined in [17, TS 38.304]. When the value is ‘1’, the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.
UE is not required to monitor DCI format 2_7 during the Y ms prior to the beginning of the associated paging occasion.
< Unchanged parts are omitted >
----------------------------------------------------- End of Text Proposal --------------------------------------------------



Proposal 5: A new RNTI, PEI-RNTI, is used to scramble the CRC of PEI-DCI for idle/inactive mode UEs. And adopt the TP 2 in TS38.213.

	<----------Text proposal 2 for TS 38.213----------->
10.4A	PDCCH monitoring for early indication of paging
----------------------------------------------------- skipped text part ---------------------------------------------------
A UE can be provided the following for detection of a DCI format 2_7 with CRC scrambled by PEI-RNTI in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
< Unchanged parts are omitted >
----------------------------------------------------- End of Text Proposal --------------------------------------------------



Proposal 6: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.
Proposal 7: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.
Proposal 8: Make the proposed conclusion in RAN1#107-e, which was not concluded due to the time limit:
For a UE supporting R17 paging enhancement feature, 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.
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Appendix A.
	Agreement
· Send an LS to RAN2 and RAN4 to ask about the feasibility of using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2

· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case
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