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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106bis-e, there were agreements achieved for the monitoring occasions, search space set, CORESET and DCI format for PDCCH-based PEI. This contribution discusses the remaining issue of PDCCH-based PEI.
[bookmark: _Ref129681832]The detailed design of PDCCH-based PEI
[bookmark: _Ref82716516]CORESET for PEI
The CORESET used for PEI has been decided by the following agreements. There is no remaining issues regarding the CORESET used for PEI.
	Agreement 
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
        Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1



Search space set configured for PEI
	Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
        FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero



As the agreements, a dedicated search space set a.k.a ‘peiSearchSpace’ for PEI is already agreed to allow the gNB configure the search space set of PEI which could be not overlapped with existing common search space set, considering Behv. B is not supported by Rel-17. 
The remaining issue is whether legacy search space sets, including pagingSearchSpace and searchSpaceZero can be reused for PEI. The main reason to reuse legacy search space sets for PEI is in consideration of sharing the resource used for other PDCCHs. However, it should be noticed that even not to reuse the pagingSearchSpace and searchSpaceZero for PEI, the gNB could still configure peiSearchSpace to be overlapped with some of the monitoring occasions of legacy search space set, including pagingSearchSpace, searchSpaceZero and search space sets for connected UEs. On the other hand, the reusability should also take into account the power saving gain provided by PEI. 
We are generally OK to allow to reuse the search space set configured by pagingSearchSpace. However, in some cases, the monitoring occasions of searchSpaceZero may be before the corresponding SSB. The determination of PDCCH monitoring occasions from searchSpaceZero is summarized in Tables 13-11 and 13-12 in TS38.213 for SS/PBCH block and CORESET multiplexing patterns 1 for both FR1 and FR2, and there actually exists some PDCCH monitoring occasions appear before the corresponding SSB or overlapped in the same slot of a SS burst. Per illustrated in Figure 1, as an example, where the cases of 30kHz CORESET and 30kHz SS/PBCH block are provided, if the SS burst is transmitted in the first half frame of an even frame, the PDCCH monitoring occasions of  searchSpaceZero determined by the parameters from the index 0, 1, 8, 10, 11 in Table 13-11 of TS38.213 overlap with the SS burst, and some monitoring occasions appear before the corresponding SSBs in the SS burst. 
Considering at least one SS burst is needed for time/frequency tracking before PEI detection, this makes the UE to receive an earlier SS burst to achieve synchronization before the reception of PEI DCI. This would cause more power consumption and the power saving gain of PEI will be eliminated. Furthermore, not only the monitoring occasion before the corresponding SSB is an issue. If the corresponding SSB is just several symbols before the corresponding monitoring occasion, the timeline on UE may not be sufficient to retune the timing/frequency to compensate the estimated timing/frequency error. Considering the introduction of PEI feature is for the power saving benefit, which is quite different from just support a functionality to decode the DCIs of SIBs/paging messages in Rel-15, this issue should be carefully considered to be avoided. Otherwise, there is no benefit to introduce the PEI feature. 
Therefore, we propose to make the configuration of monitoring occasions of PEI are always after a SS burst, which is before the PO, if ‘peiSearchSpace’ is configured to refer to searchSpaceZero. We are fine to accept searchSpaceZero for PEI, only if PDCCH monitoring occasions appear after the corresponding SS burst with an acceptable small gap to gurantee the power saving benefit.
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[bookmark: _Ref86739439]Figure 1 SearchSpaceZero configuration result in PDCCH monitoring occasion before the corresponding SSB
Proposal 1:  peiSearchSpace can be configured to refer to an existing search space set if PDCCH monitoring occasions of the search space set to monitor PEI appearing after the corresponding SS burst.
Monitoring occasion for PDCCH-based PEI
In RAN1#106bis-e, the monitoring occasion for PDCCH-based PEI was discussed and a PEI occasion (PEI-O) is defined as below. For the PEI-O location for a target PO, three alternatives were proposed. In this section, we discuss the detailed design for the monitoring occasion of PEI.
	Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported



To discuss the monitoring occasion of PEI (PEI-O), firstly, it should be note that the periodicity of SS burst is typically 20ms and PF/PO is determined by network configuration and higher layer UE ID, e.g. S-TMSI and I-RNTI. Therefore, the time interval between PO and nearest SS burst before a target PO varies from 0ms to 20ms. The exact location of PEI-O would significantly impact the power saving gain obtained from PEI mechanism. If the PEI-O locates far away from the SS burst which was used for time and frequency tracking, additional power state transitions and longer time for light sleep would be involved between the SSB reception and PEI reception, or UE has to keep in high power consumption state compared with the case when PEI-O locates near to the SS burst. If the PEI-O locates close to SS burst, UE can wake up once to receive both SSB and PEI, and when the PEI indicates no paging, which would be the most cases in POs of a UE, the UE can immediately switch to sleep state after the SSB and PEI reception. However, if the PEI-O locates close to PO other than the SS burst, or locates in a position not close to SS burst, the power consumption of the sleep state and state transition between SS burst and PEI shall be anyway consumed even if there is no need to receive the paging message in PO. The power saving gain would be significantly impacted. 
This is also justified by the evaluation results by all the companies and the observations we made. Based on the observations agreed for PEI power saving gain in previous meetings, all the companies showing the attractive power saving gains assume the PEI occasion is close to the SS burst. This is also the wording of “early indication” in the name of PEI refers to. Therefore it is preferred that PEI occasion being located next to the SS burst, e.g. the nearest SS burst or even earlier SS burst among the SS bursts that need to be received before a PO, so that UE can wake up once to receive both SSB and PEI.
Observation 1. PEI can provide attractive power saving gain only when the PEI occasions are close to a SS burst(s).
There could be multiple SS bursts that need to be received before the reception of paging PDSCH, especially for UEs with low SNR and RedCap UEs with reduced number of Rx chains. It is still FFS regarding which SS bursts the PEI occasions should be close to. Based on the observations agreed for power saving gains, 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 this case, when the PEI indicates no paging, the UE could skip more SS burst(s) and light sleep duration/transition. That is why PEI can provide significant power saving gain compared to Rel-15/16 idle/inactive procedures.
UEs locates in different coverage may require different number of SS bursts for time-frequency tracking. For UEs in good coverage, which might require only one SS burst for time/frequency tracking for paging PDSCH reception before paging occasion, it would be better to place the PEI after the nearest SS burst before PO. However, if PEI is actually located in that position, for UEs in bad coverage and RedCap UEs, which requires three SS bursts for time-frequency tracking for paging PDSCH reception, the UEs would have receive all three SS bursts before the PEI received, which might lead to very limited power saving gain as in Figure 2a. Therefore the PEI can also be located after the third nearest SS burst before the paging occasion as showed in Figure 2b. As evaluated in several previous meetings, even the UE in bad coverage can also use only one SS burst for time-frequency tracking for PEI. If the PEI indicates no paging in corresponding paging occasion, the power consumption for the reception of the remaining two SS bursts can also been saved.
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a. PEI locates after the nearest SS burst before PO.
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b. PEI locates after the third nearest SS burst before PO which can save two SS burst reception for bad coverage UEs
[bookmark: _Ref83643928]Figure 2. Idle mode UE procedures with respect to different PEI locations.
To verify our analysis above, the power saving gain for PEI in two different locations was evaluated with the power model in Appendix A. The scenarios are illustrated in Figure 3 and the results are summarized in Table 1. In Figure 3, we illustrated UEs that need to receive two SS bursts for time-frequency tracking for paging PDSCH as an example. It can be seen that one case we simulated is PEI is located close to the PO, e.g. with 1ms gap between PEI and PO. The other case we simulated is PEI occasions locate close to the first SS burst among the SS bursts that need to be received before the PO, and the gap between the end of the SS burst and PEI is also 1ms.
[image: ]
a) PEI is located 1ms after the first SS burst UE needs to receive
[image: ]
b) PEI is located 1ms before the PO
[bookmark: _Ref83392058][bookmark: _Ref83392028]Figure 3 Two different scenarios for evaluating the power saving gain of PEI 
The Table 1 shows that the power saving gain would be significantly higher when the PEI occasions locates close to the first SS burst among the SS bursts that need to be received by UE before PO.
[bookmark: _Ref86741042]Table 1 Power saving gain for PEI in different location
	Power saving gain for 14ms gap between SSB and PO

	
	
	1ms gap between the end of first SS burst and PEI
	12.5ms gap between nearest SS burst and PEI (PEI 1ms before PO)

	1SS burst for PDSCH T/F tracking
	w/o RRM
	17.40%
	6.95%

	2SS bursts for PDSCH T/F tracking
	w/o RRM
	30.15%
	5.72%

	3SS bursts for PDSCH T/F tracking
	w/o RRM
	39.07%
	4.86%



Observation 2. PEI occasion after the first SS burst among the SS bursts which are required by UE before the reception of paging PDSCH can provide the maximal power saving gain.
Based on the discussion and evaluation above, we propose to adopt the Alt 2 to determine the  monitoring occasion for PEI, where the L-th SS burst before the first PDCCH monitoring occasion of the target PO is used as the reference point.
 [image: ] 
Figure 4. Alt 2 to define the monitoring occasion for PEI.
To guarantee the power saving gain expected, a maximum time offset between the end of a SS burst and the first PDCCH monitoring occasion should be defined to avoid additional power state transition between SS burst reception and PEI reception. For the value, it is preferred the offset should be as small as possible for better power saving. However, some very small value, for example 1 or 2 slots, may be strict in search space set configuration and network scheduling, which may be suitable for the dedicated search space set for PEI. If searchSpaceZero is configured for PEI, 3ms is an acceptable value, which can guarantee the first PDCCH monitoring occasion of the PEI appears close but after the nearest SS burst transmission.
For the detailed value of L, as we discussed, the PEI occasions located close to the first SS bursts among the SS bursts that need to be received before a PO is better for power saving. However, considering PEI DCI is group common signaling and the network cannot know the UE’s exact location impacting SINR, it should be better to left to gNB to configure which SS burst the PEI occasions should be refer to. With respect to the reference point, which may be the “start” or “end” of the L-th SS burst. In our view, if the reference point is defined as the “start” of the L-th SS burst, which means that the PEI can be transmitted in the same slot as the SS burst and may appear in the symbols before the corresponding SSB. As the PEI reception itself depends on SS bursts for tracking, such configuration would lead UE to receive SS burst in previous SSB periodicity and the time interval between SS burst and PEI is one SSB periodicity, the power saving gain will be eliminated.
Besides the value of L and the maximum time offset between the SS burst and the first PDCCH monitoring occasion, there are also some other remaining issues for Alt 2 solution. The first is about the time gap between PEI-O and the target PO. Considering UE always need time to process the PEI-DCI before the target PO, furthermore, if RedCap is deployed, there may also exist a potential RF retuning between the PEI reception and the paging reception if separated initial downlink BWP is introduced, which is analyzed in Section 3. A non-zero time gap between the end of PEI-O and the start of the target PO is necessary, which is similar as the MinTimeGap introduced for DCI format 2_6 monitoring in Rel-16, where the UE is not required to monitor PDCCH during the time gap. The time gap value can be determined based on the idle/inactive mode UE capability and the conclusion in RedCap.
Proposal 2: Adopt Alt 2 to determine PEI-O location for a target PO, where the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. ‘the end’ of the L-th SS burst before the first PDCCH monitoring occasion of the target PO. 
· The L-th SS burst is configured by network via System information
·  L = 1, 2, or 3. 
· The offset, X, between the first PDCCH monitoring occasion of the PEI occasion and ‘the end’ of the L-th SS burst is not larger than 3ms;
· UE is not required to monitor PDCCH PEI during the Y ms prior to the beginning of the target PO, which is used for UE processing of PEI before the PO;

The Alt 1 and Alt 3 solutions both consider that PEI-O location is determined via an offset to the target PO or PF. Wherein the Alt 3 solution considers that each PO corresponds to one PEI respectively, which requires multiple PEI transmissions in one SSB periodicity and it would be impossible to locate the PEI-Os for all POs close to the SS burst, as a result the power saving gain for UEs which monitor PEI in the PEI-O far away from SS burst would be significantly deteriorated. On the other hand, as discussed in our and many other companies’ contributions, one PEI to one PO mapping is very inefficient in resource overhead especially considering on multi-beam transmission is supported by PEI.
For Alt 1 solution, the frame-level offset to a PF would lead the PEI-O locates in the slot containing SSB or in the middle of the SSB periodicity. The former case would lead idle/inactive UEs have to wake up earlier to receive another SS burst for time-frequency tracking for PEI, which is already discussed above. While the latter case means that the PEI-O locates at least 10 ms away from the start of the previous SS burst, significant power saving gain loss is foreseen. Furthermore, the SS burst can be clearly determined before a PO, we don’t see any reason to introduce complexity to configure an additional reference time to locate PEI occasion.
TRS availability indication and short message indication by PEI
RNTI for PEI DCI
The RAN1#106bis-e agreed that a new DCI format to carry the PEI information, however what RNTI is used to scramble the CRC is not determined. In our opinion, compared to directly reuse P-RNTI, a new RNTI should be specified to scramble the CRC of PEI DCI. 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.
Proposal 3: A new RNTI, PEI-RNTI, is configured to scramble the CRC of PEI-DCI for idle/inactive mode UEs.
DCI format for paging early indication
In RAN1#106bis-e, it is agreed that a new DCI format is introduced for PDCCH-based PEI and one PEI can indicate UE group(s)/subgroup(s) of the one or multiple POs.
	Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x



Overview of DCI format for PEI DCI
[image: ] 
Figure 5. DCI format for PEI transmission.
It was agreed as working assumption that paging DCI and PEI DCI are supported for the availability indication of TRS/CSI-RS at the configured occasion(s). As discussed in the companion paper [2], the PEI DCI and paging DCI can have the similar principle for the indication of TRS availability as guided by RAN#93.
Short message to inform SI change and/or ETWS information can be also informed in one PEI DCI. The motivation is to guarantee the short latency especially for the ETWS indication. When SI change and ETWS notification are carried by PEI, after the reception of PEI DCI, the UE could immediately decode SIB6, SIB7 and SIB8. The short latency for ETWS notification is important. 
For the bit fields of PEI-DCI, three different bit fields can be contained in the DCI payload: the paging indication field (also known as sub-grouping indication field), TRS availability indication field and SI change/ETWS notification field. The paging indication field has been agreed in RAN1#106bis, and there is working assumption to support TRS availability indication field.
Proposal 4: Paging indication field, TRS availability indication field and SI change/ETWS field are supported by the new DCI format of PEI DCI, i.e. DCI format 2_7, where:
· Paging indication field is mandatory if the DCI format is configured in the SIB;
· TRS availability indication field are optionally configurable and the bit length follows the agreement in potential TRS occasion, which could be configurable or fixed to 1;
· Two bits of SI update and ETWS change notification can be optionally configured in the DCI format;
For the size of the new DCI format for PEI, i.e. DCI format 2_7, it can be explicitly configured or implicitly determined by the sum of the configured fields.
Proposal 5: The DCI format size of PEI DCI is smaller than that of DCI format 1_0, which is:
· Atl.1: Explicitly configured by DCI format 2_7;
· Alt.2: implicitly determined by the sum of configured fields;

Paging indication field
The first FFS issue for the bit length of the paging indication field. In RAN1#106bis, the main controversial point is the maximum of the bit field is 16 or 32. In our view, we think it would be better to have 32 maximum bit field considering it gives gNB the most flexibility on the field length based on the deployment.
Proposal 6:  The maximum bits of paging indication field is preferred to be 32. 
For paging indication field, in Rel-16, the DCI format 2_6 is introduced to carry similar power saving information to indicate UE whether to monitor PDCCH in the on duration in connected mode. For idle/inactive mode UE, it is straight forward to reuse similar design principle to carry the paging indication. So this part can reuse the block-wise structure, where each block is associated to a different PO and each bit in one block is linked to a sub-group of UEs of the PO. 
Another issue needs to be considered is whether POs across paging frames can be associated to the same PEI. In our view, this issue is related with how many POs need to be indicated by PEI in one SS burst period. The paging configuration is broadcasted to UEs in the cell, the idle/inactive mode UE can identify how many POs mapping to one PEI and which PO the UE is belong to. Current paging configuration supports to configure each radio frame as a paging frame. In this sense, there might be multiple PFs in one SSB periodicity. And it should be considered how to handle the PEI mapping to POs with in the consecutive two PFs.
However, on the other hand, it is also valid that if the associated PO number is too large, it will cause the large paging latency. Also, the DCI size would be increased a lot to impact the reliable detection of PEI DCI. Therefore, the number of PFs that can be associated with one PEI occasion should not be too large if the POs across PFs are allowed to associate with the name PEI DCI. The typical configured SS burst periodicity is 20ms. Considering this, POs in two paging frames in consecutive two radio frames seems to be allowable to be indicated by the same PEI DCI.
Proposal 7: One PEI can be allowed to associate with POs across PFs, only when the two PFs are two consecutive radio frames in one SSB periodicity.
For the mapping between PEI and multiple POs, the POs associated with one PEI can be implicitly determined or configured by high layer parameter in SIB. Regardless explicitly configuration or implicitly determination, in general, the following values need to be determined to decide how paging indication field maps to the associated POs and subgroups.
· M, the number of sub-groups per PO. This value has already been agreed as a per cell parameter configured by higher layer, i.e. subgroupsNumPerPO. Meanwhile, the agreed per cell parameter also imply that the sub-group numbers for each POs in the cell are the same.
· N, the number of POs associated with one PEI. There are several alternatives to determine this parameter:
· Alternative 1: N is based on the number of POs in each SSB periodicity which needs to be indicated by the same PEI DCI;
· Alternative 2: explicitly configured by gNB. 
· x, the number of bits for paging indication field in the PEI DCI format. For the convenience, the maximum x is defined as X bits.
The three values should follow the relationship of x = M*N. Considering the typical SS burst periodicity of 20ms, if each radio frame is configured as paging frame and each paging frame contains 4POs (which is allowed by current paging configuration), the maximum number of sub-groups of POs in each SSB periodicity would be 2x4x8=64, which seems require X to be at least 64bit for the paging indication field in the PEI-DCI. This of course impacts the detection performance. 
However, if the POs is configured so dense, the probability that at least one paging message needs to be transmitted for a PO should not be high. In this case, it is not necessary to support 8 sub-groups per PO. This is also some other companies’ view during the email discussion in the last meeting [4].
Therefore, the suggested configurations are summarized in Table 2.
[bookmark: _Ref86434078]Table 2 Maximum # sub-groups per PO for different POs associated with one PEI
	subgroupsNumPerPO (i.e. M)
	Number of blocks corresponding to associated POs(i.e. N)
	Size of paging indication field (x bits)
Note: Assuming maximum of x is 32

	1
	1, 2, 4, 8
	1, 2, 4, 8

	2
	1, 2, 4, 8
	2, 4, 8, 16

	4
	1, 2, 4, 8
	4, 8, 16, 32

	8
	1, 2, 4
	8, 16, 32



	subgroupsNumPerPO (i.e. M)
	Number of blocks corresponding to associated POs(i.e. N)
	Size of paging indication field (s bits)
Note: Assuming maximum of x is 16

	1
	1, 2, 4, 8
	1, 2, 4, 8

	2
	1, 2, 4, 8
	2, 4, 8

	4
	1, 2, 4
	4, 8, 16

	8
	1, 2
	8, 16



As discussed before, the typical SS burst periodicity is 20ms. However, NR specification allows the configuration of longer SS burst periodicity by ssb-PeriodicityServingCell as 40ms, 80ms and 160ms. And paging configuration supports to configure each radio frame as paging frames. Therefore, in worst case, the number of POs in each SS burst periodicity could be 16*4=64 POs. If the maximum size of the paging indication fields is 16 or 32, the number of POs exceed the maximum value of the field even if the subgroup per PO is 1 or not configured. To resolve the issue, two alternatives could be considered. 
· Alt.1: transmit separate PEI DCIs for different set of POs when SS burst periodicity is larger than 20ms;
· Alt.2: Each bit in the paging indication field in the same PEI DCI can be shared by multiple POs in different set of POs when SS burst periodicity is larger than 20ms;
For Alt.1, it could be achieved by using more than one PEI-RNTIs or configure different monitoring occasions of PEI DCI to transmit multiple PEI DCIs. It could be similar from UE perspective considering UE just needs to receive the concerned PEI corresponding to the PO of the UE. However, it is not preferred to transmit separate PEI DCIs from gNB perspective due to the resource overhead. Therefore, we propose to use Alt.2 to support the case when SS burst periodicity is configured to be larger than 20ms. 
Therefore, if the network indeed wants to configure large number of sub-groups and very dense POs in each SS burst, in order to control the paging indication field size for reliable detection performance, the sub-group with the same index in different POs can share the same bit in a PEI-DCI. 
[image: ]
Figure 6. Example of 4PFs in one SS burst periodicity and 2POs sharing the same bit in paging indication field in PEI-DCI
Regarding the detailed bit mapping rule, for simplicity, the sub-groups for all the POs associated with the same PEI DCI in a SS burst periodicity can map to each bit of PEI in successive order. As an example, assuming UE belongs to the j-th sub-group of the i-th PO in a SS burst periodicity, the UE would map to the bit index of (i-1)*M+(j-1) mod x in the paging indication field in PEI DCI.
Proposal 8: For paging indication field of x bits in PEI DCI, the associated sub-group indication bit index of the j-th sub-group in the i-th associated PO is calculated by (i-1)*M+(j-1) mod x, where:
· M is configured  by subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration;
· x is the length of paging indication field.
It was already agreed the subgroupsNumPerPO is configured by higher layer to inform value M. For the value of N, it can be figured out according to existing paging configuration and SS burst configuration. For the parameter of x, the bit length of paging indication field could be calculated by min (M*N, X) or explicitly configured by gNB for network flexibility. We are open for these two alternatives.
Proposal 9: For the field length of paging indication field, narrow down from the following alternatives:
· Alt.1: the field length of paging indication field is calculated by x=min (M*N, X);
· Alt.2: the field length of paging indication field is explicitly configured by higher layer parameter, which is not larger than X;
, where: 
· M is the number of sub-groups per PO, which is configured  as a per cell parameter, subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration.
· X is the maximum length of the field to guarantee the reliability of PEI DCI detection, which is specified as 32 or 16 based on the decision by the group.

TRS availability indication field
For TRS availability indication field, the exact bit size is determined using the same principle for the TRS availability indication in paging DCI. More details can be found in our companion paper [2].  We can reuse the similar mechanism as that of paging DCI. However, according to the discussion in RAN1#106bis, it is the majority understanding that the length of the bit field is not necessarily to be exactly the same as the TRS availability indication field in paging DCI. For example, the bit field can be just 1 bit for PEI DCI, using the same association rules to map the bit to the concerned/associated TRS resource(s). The details can refer to section 2.3 in [2]. The start of the field can be determined by the length of the paging indication field.
Proposal 10: Use the same principle in paging DCI to indicate availability information for assistance TRS in PEI DCI:
· The start location of TRS availability indication field is determined by the length of paging indication field;
· The length of TRS availability indication field could be configurable or fixed to 1, based on the conclusion in assistance TRS occasion.

Other potential field
There could be a SI change/ETWS field with one or two bits configured in the SIB, which is/are for SI change and/or ETWS notification. The overall design is illustrated in , where we give one example of 12bit payload size for PEI DCI, with 8 bit to convey sub-grouping information for 4POs with each PO 2sub-groups, 2bit for TRS availability indication and 2 bits for SI change and ETWS respectively.

Usage of PEI for RedCap UEs
In RAN plenary#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 11: 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 B. 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 7 Time interval between PEI and PO reception should consider the RF retuning for Redcap UEs.
Proposal 12: PEI is transmitted in the MIB-configured initial DL BWP where SSB is transmitted.
Proposal 13: 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.
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: peiSearchSpace can be configured to refer to an existing search space set if PDCCH monitoring occasions of the search space set to monitor PEI appearing after the corresponding SS burst.
Observation 1. PEI can provide attractive power saving gain only when the PEI occasions are close to a SS burst(s).
Observation 2. PEI occasion after the first SS burst among the SS bursts which are required by UE before the reception of paging PDSCH can provide the maximal power saving gain.
Proposal 2: Adopt Alt 2 to determine PEI-O location for a target PO, where the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. ‘the end’ of the L-th SS burst before the first PDCCH monitoring occasion of the target PO. 
· The L-th SS burst is configured by network via System information
·  L = 1, 2, or 3. 
· The offset, X, between the first PDCCH monitoring occasion of the PEI occasion and ‘the end’ of the L-th SS burst is not larger than 3ms;
· UE is not required to monitor PDCCH PEI during the Y ms prior to the beginning of the target PO, which is used for UE processing of PEI before the PO;
Proposal 3: A new RNTI, PEI-RNTI, is configured to scramble the CRC of PEI-DCI for idle/inactive mode UEs.
Proposal 4: Paging indication field, TRS availability indication field and SI change/ETWS field are supported by the new DCI format of PEI DCI, i.e. DCI format 2_7, where:
· Paging indication field is mandatory if the DCI format is configured in the SIB;
· TRS availability indication field are optionally configurable and the bit length follows the agreement in potential TRS occasion, which could be configurable or fixed to 1;
· Two bits of SI update and ETWS change notification can be optionally configured in the DCI format;
Proposal 5: The DCI format size of PEI DCI is smaller than that of DCI format 1_0, which is:
· Atl.1: Explicitly configured by DCI format 2_7;
· Alt.2: implicitly determined by the sum of configured fields;
Proposal 6: The maximum bits of paging indication field is preferred to be 32.
Proposal 7: One PEI can be allowed to associate with POs across PFs, only when the two PFs are two consecutive radio frames in one SSB periodicity.
Proposal 8: For paging indication field of x bits in PEI DCI, the associated sub-group indication bit index of the j-th sub-group in the i-th associated PO is calculated by (i-1)*M+(j-1) mod x, where:
· M is configured  by subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration;
· x is the length of paging indication field.
Proposal 9: For the field length of paging indication field, narrow down from the following alternatives:
· Alt.1: the field length of paging indication field is calculated by x=min (M*N, X);
· Alt.2: the field length of paging indication field is explicitly configured by higher layer parameter, which is not larger than X;
, where: 
· M is the number of sub-groups per PO, which is configured  as a per cell parameter, subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration.
· X is the maximum length of the field to guarantee the reliability of PEI DCI detection, which is specified as 32 or 16 based on the decision by the group.
Proposal 10: Use the same principle in paging DCI to indicate availability information for assistance TRS in PEI DCI:
· The start location of TRS availability indication field is determined by the length of paging indication field;
· The length of TRS availability indication field could be configurable or fixed to 1, based on the conclusion in assistance TRS occasion.
Proposal 11: 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 12: PEI is transmitted in the MIB-configured initial DL BWP where SSB is transmitted.
Proposal 13: 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.
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[bookmark: _Ref68613471]Appendix A. Evaluation assumption for power saving gain.
Table 1. Basic evaluation assumptions
	Parameters 
	Value

	Carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	Bandwidth of BWP
	20MHz

	DRX cycle
	1280ms

	Per-UE paging rate
	1%

	NR of UE per paging occasion
	11

	Paging rate per PO
	10.47%



Table 2. Power consumption model for eMBB UE
	Power State
	Relative Power
(FR1 reference from TR 38.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note 

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	· 150 (synchronous case, N=8, measurement only; Pintra, meas-only)
· 200 (combined search and measurement; Pintra, search+meas)
	· [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
· [80] (combined search and measurement; Pintra, search+meas)



Appendix B.
	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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