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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN1#104bis-e, the co-existence mechanism, detection performance and resource overhead for evaluating PEI physical layer candidate designs were discussed and some observations were agreed. This contribution further discusses the evaluation and comparison based on the agreed criteria and assumptions. Based on the evaluations, it is proposed to adopt the DCI based paging early indication as the physical layer design to carry the PEI indication. 
Some further considerations on the remaining issues are also discussed in this contribution.
[bookmark: _Ref129681832]PEI physical layer designs 
In RAN1#103-e, it was agreed that paging early indication (PEI) is supported from RAN1 perspective, and the physical layer design of PEI is based on DCI, SSS or TRS/CSI-RS. In RAN1#104, the criteria for the design of physical layer design of PEI were agreed for further narrow down. This section provides evaluation results, analysis for the three candidates including the co-existence problem, resource overhead aspects etc.
UE behaviors of monitoring PEI
In RAN1#104, two different UE behaviors for the absence of PEI were agreed.
	Agreements:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO



From the UE side view, Behv-A and Behv-B have almost the save power consumption to receive the PEI channel/signal. And UE can always choose to disable PEI reception and directly monitor Paging DCI up to UE implementation. 
From the gNB side view, the Behv-A always asks for PEI transmission once a PO/sub-group is paged, if a large number of UEs (e.g. Redcap UEs) camped in the cell, there is a risk that the downlink traffic will be blocked by PEI transmission in addition to paging transmission. While the Behv-B provides the flexibility for the network to balance the power consumption of UE and the congestion rate of other downlink transmission by transmitting or not transmitting the PEI channel/signal. For dense camped UE case, if larger number of UEs are to be paged, the gNB can choose to not transmit the PEI signal/channel to wake up all the UEs associating with that PEI. Although the power saving gain might be a loss, the downlink traffic is guaranteed.  Therefore it would better to support both Behv-A and Behv-B, and the gNB can configure which UE behavior is used for current network.
Proposal 1: Both Behv-A and Behv-B are supported by Rel-17, which can be configurable by the network.
Co-existence with legacy channels/signals
This section discusses how to multiplex the PEI channel with physical signals/channels of legacy UEs.
DCI based PEI
For PDCCH-based PEI design, multiplexing of the PDCCH and legacy PDSCH traffic has already been supported by Rel-15 specification and there is no need to introduce any new mechanism to support the coexistence between PEI DCI and legacy channels of legacy UEs. Furthermore, Rel-15 can also support the multiplexing PDCCHs from different UEs in a CORESET. Therefore, DCI based PEI can naturally coexist with other PDCCHs. Rel-15 already specifies how a PDCCH candidate coexists with SSB, which can be found in Appendix C. Therefore, DCI based PEI can fully support coexistence with the legacy downlink physical layer channels of legacy UE.
Observation 1. DCI based PEI can fully support coexistence with the legacy downlink physical layer channels/signals of legacy UE based on Rel-15 specifications.
SSS based PEI
For SSS-based PEI, the straight forward coexistence way is to use semi-statically configured rate matching pattern to multiplex the SSS-based PEI and legacy PDSCH, considering SSS-based PEI is basically a new downlink physical layer signal/channel that is not visible to legacy UEs. It would require a RB * symbol level rate matching pattern. Based on UE capability #5-27 in [3], dynamic RB-level rate matching is an optional capability in Rel-15 specification, which cannot be expected to be supported by legacy UEs. 
Observation 2. Semi-statically configured rate matching pattern can be used to multiplex SSS-based PEI and PDSCH(s) of legacy UE.
In RAN1#104bis-e, some companies proposed if a CORESET can be configured to cover the RE of SSS-based PEI, then the SSS-based PEI can also be dynamically rate matched. Considering basically the legacy Rel-15 UE only supports one UE specifically configured CORESET per BWP in addition to CORESET0 for FR1 based on UE capability #3-1 in [3], if a dedicated CORESET is configured for PEI rate matching purpose, all the downlink traffic for the legacy UE has to be scheduled in CORESET0, which is too limited for downlink traffic scheduling. It is expected not to limit the flexibility on legacy UE to use UE specifically configured CORESET for PDCCH transmission, therefore, there is actually no chance to use a dedicated CORESET for rate matching purpose of SSS-based PEI.
For FR2, legacy UE can be configured 3 CORESETs with different TCI-states for multi-beam operation, if one of the three CORESETS is used for rate matching exclusively, the multi-beam operation will be limited and the downlink performance would be impact. 
Observation 3. Using dedicated CORESET for dynamic rate matching of SSS-based PEI restricts the legacy UE from using UE specific CORESET in connected mode in FR1, and restricts multi-beam operation of downlink traffic for FR2.
In the other hand, if a shared CORESET is configured to legacy UE to rate match the SSS-based PEI, considering the SSS-based PEI occupies consecutive time and frequency resources, and have different resource mapping rule from PDCCH candidates. It would be hardly shared to normal PDCCH transmission. As shown in Figure 1, shared CORESET0 is considered if another UE specific CORESET is configured for the UE. Based on the detection performance provided by majority companies, the SSS-based PEI is assumed to occupy 2symbols of 11RB, if the CORESET covering the SSS-based PEI is configured interleaved 24RB, it can be seen that all the candidates except the some AL1 candidates will collide with the SSS-based PEI. Therefore, once the SSS-based PEI is transmitted, the shared CORESET0 cannot be used to transmit any PDCCH except some AL1 candidates, the coverage of which is limited. And the PDCCH transmission for paging, RACH, which usually uses higher aggregation level, shall be impacted.
Observation 4. CORESET0 with additional search space set would be used for dynamic rate matching of SSS-based PEI, which may consume the whole CORESET0 resource if the SSS based PEI needs to be rate matched.
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[bookmark: _Ref70674275]Figure 1 Configuring a shared CORESET for SSS-based PEI would block the AL2~AL8 candidates
(The RBs with the same color corresponds to the same PDCCH candidate)
TRS based PEI
For TRS/CSI-RS based PEI coexistence with legacy signals, a way is to configure aperiodic ZP-CSI-RS resource set to cover the TRS/CSI-RS based PEI transmissions. However, the number of aperiodic ZP-CSI-RS resource sets is very limited, which is up to 3 per BWP. Considering the ZP-CSI-RS resource sets are mainly used for multiplexing NZP-CSI-RS for CSI and beam management etc., it is expected that there shall be no available ZP-CSI-RS resource set to handle the coexistence of TRS/CSI-RS based PEI. Even if the gNB can manage to allocate one ZP-CSI-RS resource set for PEI rate matching, it should be note that all the ZP-CSI-RS resources covering the TRS-based PEI occasions associated with different SSB indexes, different sub-groups or different POs have to be configured in the same ZP-CSI-RS resource set. Therefore, once the DCI format 1_1 for legacy UE triggers the ZP-CSI-RS resource set, all the ZP-CSI-RS patterns in the ZP-CSI-RS resource set should be rate matched together even though some of the TRS-based PEI occasions do not have PEI transmission, which should be considered in the resource overhead calculation.
[image: ]
Figure 2. One ZP-CSI-RS resource set contains multiple ZP-CSI-RS resources to cover multiple TRS-based PEI occasions in one slot
Some solutions to saving the resource overhead consider that TRS-based PEI occasions can be FDMed in serval symbols, for example, four TRS-based PEI occasions can occupy the entire RBs, then the CORESET-based dynamic rate matching can be used for TRS-based PEI. However, as discussed in the SSS-based PEI part, the CORESET-based dynamic rate matching method requires dedicated configuration or is hard to share with legacy PDCCH transmission. And another issue is that, if the PEI for different SSB is multiplexed in the same symbol(s), for UEs lack of the capability of simultaneously receiving multi-beams, they have to choice one direction of PEI to receive, which would potential impact the detection performance of PEI. 
In the last meeting, some companies also proposed to configure NZP CSI-RS resource set to achieve the rate match of PDSCH for legacy UE. However, since the TRS-based PEI is not always transmitted, the legacy UE cannot rely on the NZP CSI-RS resource set for legacy measurements and the resource overhead is equivalent to semi-static RB*symbol-level rate matching pattern.
Observation 5. At most one aperiodic ZP-CSI-RS resource set can be utilized on legacy UE for rate matching purpose of PEI considering Rel-15 only supports up to 3 aperiodic ZP-CSI-RS resource sets per BWP.
Observation 6. The ZP-CSI-RS resources for the TRS-based PEI occasions associated with different sub-groups or different POs in the same SS burst period have to be configured within the same ZP-CSI-RS resource set.
[bookmark: _Ref70445768]Association of POs and sub-group indication
In this section, we discuss how to associate POs with PEI and how to carry the sub-grouping indication over different PEI physical layer design.
First considering the POs in the same paging frame are successively located in the time domain and UEs to monitor different POs would rely on the same SS Burst(s) to perform time and frequency synchronization, to save the resource overhead, it would be benefit to support one PEI to associate with multiple POs. In the last meeting, some companies showed concerns that if one PEI is associated with multiple POs, the time gap between PEI and POs would be too large to introduce unnecessary delay and power consumption.
In our opinion, the paging delay would not be a problem for multiple PO association. Take the case in Figure 3 , for example, it is assumed that each PO is consist of eight monitoring occasions and each slot contains two monitoring occasions. The time offset between the first monitoring occasion of the first PO and the first monitoring occasion of the last PO associated with the same PEI is  for 30kHz SCS. Assuming that one PEI is transmitted at the time of T, if the paging message for UEs monitoring the last PO arrives in the time period , the paging message will be delayed to the next DRX cycle. Compared to the typical idle DRX cycle length, which is 1280ms, it means that only  paging message arrives in that time period, the delay is negligible. 
Actually, PEI needs to be transmitted close to the SS burst before the associated PO. This is the reason why PEI provides power saving gain for IDLE mode NR UE. Therefore, regardless the PEI physical layer candidates, the PEI location should be in the slots close to SS burst. During a SS burst period, there could be multiple POs configured in a SS burst period. For any PO in one SS burst period, there needs a PEI DCI or a PEI sequence transmitted close to SS burst associated with the PO. This is a common issue for all the three candidates. Therefore, the latency increment is also the common issue of all three candidates. 
Furthermore, it is essential to define the rule to map PEI transmission to different POs in the same SS burst period. For DCI based PEI, different bits in a PEI DCI can be associated to different POs, and for sequence based PEI, different TDMed/FDMed PEI sequence resource needs to be associated with different POs.
Observation 7. It is common issue for all three PEI candidates to associate PEI transmission(s) near a SS burst to the different POs during a SS burst period after the PEI transmission.
For the power consumption, multiple PO association with one PEI does not introduce additional downlink reception or power state transition for idle/inactive mode UEs, and UE can keep in sleep state in the time duration between SS burst/PEI and POs, so no additional power consumption is introduced. 
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[bookmark: _Ref70442940][bookmark: _Ref70442930]Figure 3 One PEI associating with 12 POs
Observation 8. One PEI associating with multiple POs can save the resource overhead for PEI and does not introduce additional paging delay or power saving consumption.

Secondly the sub-group indication is discussed. In RAN1#104-e, it was agreed that whether and how indication(s) to multiple POs and/or UE subgroups by one PEI need to be considered in the evaluation of PEI resource overhead and It was also agreed that carrying UE sub-groups information is considered in physical layer design. An LS reply [5] was received from RAN2 which suggests that the maximum number of UE sub-groups per PO should be at least 8.
	· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.



There was observation 2a agreed for further discussion. For further evaluation, we will reuse the observation based on more than one companies’ results as the input for the further evaluation in this meeting.
For PDCCH-based PEI, it is straight forward to use the DCI payload to convey the sub-group indication or PEI indication bits for multiple POs. Based on the observation 2a agreed in RAN1#104bis, it was observed by multiple companies that at least 12 bits payload can be easily carried by DCI based PEI, which can be used for the at least 8 sub-groups per PO. For other cases, if less sub-groups is configured per PO, one PDCCH-based PEI can associate with multiple sub-groups in serval POs. For example, one PEI can associate with a total paging frame of four paging occasion and the users in each paging occasion are divided into 3 subgroups. So a total of 12 sub-groups can be indicated by the PEI, which could be carried in a DCI format with 12 bit payload size.
Observation 9. PDCCH-based PEI can support to indicate at least 8 sub-groups per PO, and the payload can be used for sub-group indication and associated with multiple POs flexibly. 
For sequence-based PEI, based on observation 2a, 2-symbol SSS (occupying 264 REs) carries 1 bit information based on the results from HW/HiSi, vivo, ZTE, CATT, QC and Samsung. Therefore, if 8 sub-groups need to be supported, 8 FDMed or TDMed resources of the 2 symbol SSS are needed. Similarly, for TRS based PEI, 8 FDMed or TDMed resources of TRS based PEI shall be used for indication of 8 sub-groups.
To support as least 8 sub-groups per PO, 8 dedicated time and frequency resource for PEI occasions should be prepared for PEI transmitting. If multiple sub-groups or multiple POs are paged, PEI resources would 
Observation 10. 8 FDMed or TDMed PEI resources for SSS based PEI or TRS based PEI are needed to support 8 sub-groups indication in PEI, according to the observations in RAN1#104bis.
[bookmark: _Ref70516945][bookmark: _Ref71291353]Resource overhead and power saving gain
In RAN1#104bis-e, the resource overhead of PEI candidate designs without sub-group indication was discussed, and observation 3a was agreed. RAN2 agreed that at least 8 sub-group indication needs to be supported. In this section, the resource overhead and power saving gain of different PEI designs are evaluated jointly with indication of 8 sub-group per PO. The evaluation of resource overhead is based on the following agreements.
	Agreements:
For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, companies to provide estimated overheads for PEI candidate designs based on the following factors:
1. Assumption of Behv-A/B
1. Required #REs from performance evaluations 
1. 10% group paging rate per PO as baseline; other group paging rates can be optionally considered
and based on the following assumptions with justification (up to each company)
1. Whether and how coexistence with legacy UEs is considered 
1. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered
1. Whether and how multi-beam transmission is considered 



The resource overhead is defined by 
 , where
·  is the required RE number ensuring no paging detection performance impact, which is determined by the PEI occasion configuration based on the observation2a in RAN1#104bis;
·  resource occupation probability by PEI
·  is the number of PO sharing the same PEI signal/channel. 
The PEI occasion configuration is based on simulation results with at least three supporting companies in the Observation 3a in Appendix A, where for Behv-A:
· For PDCCH-based PEI, an AL4 with 12bit payload size DCI to indicate 8 sub-groups is applied when one PO is associated to the PEI, and an AL8 with 40bit payload size DCI to indicate 32 sub-groups is applied when 4POs associated to the PEI, and it is the assumed the PEI is configured in one CORESET which can be shared with legacy UEs.
· For SSS-based PEI, 2 symbols and 11RBs SSS-like signal is applied for 1bit indication.
· For TRS-based PEI, 48RBs of one slot TRS pattern (6REs/RB/port) is applied.
The resource occupied probability depends on the detection behavior (Behv-A/B), the transmission characteristic of the PEI signals/channels and the co-existence mechanism:
· For the utilization of semi-statically configured rate matched pattern for co-existence, the resource occupation probability is 100%;
· For the case dynamic rate matching is supported, the following aspects need to be considered:
· For Behv-A, the PEI should be transmitted except for the case where no UE is paged for all the POs associated with the PEI. 
· For Behv-B, the PEI should be transmitted except for the case when there are paging in all the POs associated with the PEI. 
· The co-existence scheme is based on the support of the sub-group indication method and agreed observation 1a in Appendix A.
· For PDCCH-based PEI, 8bits/32bits of payload is used to indicate sub-group information, so the PEI is configured in one CORESET which is shared with legacy UEs.
· For SSS-based PEI, two cases are evaluated:
· The first one assumed to support indicating the sub-group information in PEI, so 8 PEI resource needs to be FDM/TDMed. To cover the 8 PEI resources, 48RBs*4symbols resource is needed. However, as analyzed in section 2.2, only CORESET 0 could be used for rate matching of SSS based PEI if UE specific CORESET needs to be configured for legacy UE. One CORESET0 of 48RBs and 2symbols with two monitoring occasions is configured to legacy UEs for rate matching. 
· The second case assumes the sub-group indication is carried by paging DCI, therefore, the CORESET0 of 24RBs and 2symbols is configured to legacy UEs as analyzed in section 2.2.
· The two similar cases as that of SSS-based PEI are also applied to TRS-based PEI:
· To support indicating 8 sub-groups in PEI, the first case is assumed that 4 TRS-based PEI occasions are FDMed to cover the consecutive RBs, and then are FDMed. To cover the 8 PEI resources, 48RBs*4symbols resource is needed. However, as analyzed in section 2.2, only CORESET 0 could be used for rate matching of TRS based PEI if UE specific CORESET needs to be configured for legacy UE. One CORESET0 of 48RBs and 2symbols with two monitoring occasions is configured to legacy UEs for rate matching.
· In the second case, a RE-level ZP-CSI-RS resource is assumed and 8 sub-groups are indicated in paging DCI.
The configuration of PEI is assumed in 
Table 1 PEI configuration
	
	PDCCH-based
	TRS-based
	SSS-based

	Single PEI configuration
	AL4
12bit payload or AL8 or 32bits payload
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)

	Case
	Case1
	Case1
	Case2
	Case1
	Case2

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	No need

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs ( 48RB*2symbol*2)
	Dynamic sharing PDSCH using one ZP-CSI-RS resource.
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)
	Dynamic sharing PDSCH resource using CORESET0
(24RB*2symbol)



The evaluations considering both resource overhead and power saving gain are summarized in Table 2, where the two values of power saving gain represent the power saving gain for not performing inter-frequency measurements and performing inter-frequency measurements respectively. The power saving gain calculation is based on the power model in Appendix D. We evaluated the cases when UE requires two SS bursts for time and frequency tracking for paging reception and the cases when UE requires three SS bursts for time and frequency tracking for paging reception. For TRS-based PEI in a slot, it is assumed that the TRS pattern can be used to assist the time and frequency tracking, so TRS based PEI is assumed to replace one SS burst when PEI is present. For SSS-based PEI, two consecutive symbols of SSS is used, which cannot achieve the same time/frequency performance of SSB, which has 4 symbols transmission. Therefore, SSS-based PEI cannot replace one SS burst for time/frequency tracking. The PEI is located after the first SS burst UE needs to receive with one slot gap to the end of the SS burst.
[bookmark: _Ref71362468]Table 2 Comparison of PEI designs with respect to resource overhead and power saving gain.
a) Evaluation results with one PO per SS burst period for Behv-A (2 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)  
	Dynamic sharing PDSCH using ZP-CSI-RS resource 
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs ( 48RB*2symbol*2)
	Dynamic sharing PDSCH resource by CORESET0(24RB* 2 symbol)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	28.8
	230.4
	28.8
	230.4 
	57.6

	
	20%
	57.6
	460.8
	57.6
	460.8 
	115.2

	
	40%
	115.2
	921.6
	115.2
	921.6
	230.4

	
	60%
	170.2
	1382.4
	172.8
	1382.4
	345.6

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	31.70%
20.36%
	31.88%
20.51%
	30.66%
19.99%
	31.73%
20.39%
	28.90%
18.56%

	
	20%
	31.95%
20.71%
	32.31%
21.01%
	29.79%
19.93%
	31.95%
20.71%
	26.18%
16.98%

	
	40%
	31.64%
20.84%
	32.69%
21.70%
	27.93%
19.66%
	31.64%
20.84%
	20.77%
13.79%

	
	60%
	31.02%
20.73%
	32.85%
22.24%
	26.11%
19.34%
	31.02%
20.73%
	15.60%
10.70%



b) Evaluation results with four POs per SS burst period for Behv-A (2 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH using four ZP-CSI-RS resource in one ZP CSI-RS resource set
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH resource by  CORESET0 (48RB*2symbols)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	49.5 
	N/A
	99.0 
	N/A
	99.0 

	
	20%
	85.0 
	N/A
	170.0 
	N/A
	170.0 

	
	40%
	125.3 
	N/A
	250.7 
	N/A
	250.7 

	
	60%
	140.3 
	N/A
	280.6 
	N/A
	280.6 

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	31.70%
20.36%
	N/A
	30.66%
19.99%
	N/A
	28.90%
18.56%

	
	20%
	31.95%
20.71%
	N/A
	29.79%
19.93%
	N/A
	26.18%
16.98%

	
	40%
	31.64%
20.84%
	N/A
	27.93%
19.66%
	N/A
	20.77%
13.79%

	
	60%
	31.02%
20.73%
	N/A
	26.11%
19.34%
	N/A
	15.60%
10.70%



c) Evaluation results with one PO per SS burst period for Behv-A  (3 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)    
	Dynamic sharing PDSCH using ZP-CSI-RS resource 
	Dynamic sharing PDSCH resource by a CORESET of 96RB*2symbol
	Dynamic sharing PDSCH resource by CORESET0(24RB* 2 symbol)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	28.8
	230.4
	28.8
	230.4 
	57.6

	
	20%
	57.6
	460.8
	57.6
	460.8 
	115.2

	
	40%
	115.2
	921.6
	115.2
	921.6
	230.4

	
	60%
	170.2
	1382.4
	172.8
	1382.4
	345.6

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	42.19%
30.65%
	42.34%
30.78%
	39.73%
29.05%
	42.19%
30.65%
	38.11%
27.69%

	
	20%
	42.12%
30.72%
	42.43%
30.97%
	37.54%
27.72%
	42.12%
30.72%
	34.49%
25.15%

	
	40%
	41.11%
30.20%
	42.00%
30.95%
	32.78%
24.79%
	41.11%
30.20%
	26.70%
19.67%

	
	60%
	39.77%
29.42%
	41.33%
30.74%
	28.11%
21.90%
	39.77%
29.42%
	19.11%
14.30%


d) Evaluation results with four PO per SS burst period for Behv-A  (3 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	No need

	Co-existence method
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH using four ZP-CSI-RS resource in one ZP CSI-RS resource set
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	49.5 
	N/A
	99.0 
	N/A
	99.0 

	
	20%
	85.0 
	N/A
	170.0 
	N/A
	170.0 

	
	40%
	125.3 
	N/A
	250.7 
	N/A
	250.7 

	
	60%
	140.3 
	N/A
	280.6 
	N/A
	280.6 

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	42.19%
30.65%
	N/A
	39.73%
29.05%
	N/A
	38.11%
27.69%

	
	20%
	42.12%
30.72%
	N/A
	37.54%
27.72%
	N/A
	34.49%
25.15%

	
	40%
	41.11%
30.20%
	N/A
	32.78%
24.79%
	N/A
	26.70%
19.67%

	
	60%
	39.77%
29.42%
	N/A
	28.11%
21.90%
	N/A
	19.11%
14.30%



It can be seen from the table that, if the sequence-based PEI is expected to indicate the sub-group information, it will consumes much more substantial resource than PDCCH-based PEI. In another hand, if the sub-group information is carried by paging DCI, the power saving gain will reduce, especially in the heavy load case, such as 40% and 60% PO paging rate. 
For TRS-based PEI, it seems that the assistance for time and frequency tracking can save slightly additional power consumption when sub-group indication is carried by PEI, however the slightly additional power saving gain is obtained by significantly more resource compared to PDCCH-based PEI. It should be also noted that if the TRS-based PEI is false alarmed, the time and frequency errors will accumulate in the following DRX cycle, and the tracking performance will be questionable, where one SS burst and one TRS pattern may not fit the tracking requirements.
Observation 11. [bookmark: _Ref71289930][bookmark: _Ref70446149]PDCCH-based PEI carrying 8 sub-group indication can provide the most efficient resource utilization with comparable power saving gain compared to TRS based PEI.
Observation 12. PDCCH-based PEI carrying 8 sub-group indication can provide better power saving performance with smaller resource overhead compared to SSS based PEI.

Consideration availability indication for assistance TRS in PEI
In our opinion, dynamically providing the availability information for assistance TRS in PEI would be beneficial. Dynamic availability indication could give gNB more flexibility to transmit assistance TRS or not. And compared to indicate availability information in paging DCI, PEI is more suitable for availability indication. First when PEI is deployed, the idle and inactive UE would not always receive the paging DCI if PEI indicated no paging. Second, the PEI is much closer to the paging DCI than the previous paging DCI, which will give gNB more flexibility to predict whether the assistance TRS is to be transmitted or not.
For DCI-based PEI, it would be very straight forward to use the payload bit to indicate the availability information besides the paging indication. Furthermore, other paging related information, such as the short message to inform SI change and/or ETWS information can be also informed in one PEI DCI. However, if SSS-based and TRS-based PEI are deployed, multiple PEIs would be required to convey the short message, otherwise in order to get the SI change and/or ETWS information, the UE shall always receive paging DCI regardless of what is indicated in the PEI. Then there is no obvious power saving gain. 
Observation 13. PDCCH-based PEI can indicate the availability for assistance TRS.
Observation 14. Sequence-based PEI signals is not suitable to support the indication of short message.
Observation 15. Sequence-based PEI signals is not suitable to support other power related information, e.g. assistance TRS availability indication
Observation 16. DCI-based PEI can be flexibly configured to carry PEI indication, sub-group indication, short message and other power saving functionalities, e.g. the availability indication of assistance TRS.
Impact to other legacy functionalities 
The SSS-based PEI might also impact the legacy cell search procedure. As shown in Figure 4, if the SSS-based PEI is transmitted in the same frequency range as the SSS, a legacy UE which does not support PEI identifies the PEI as a SSS signal, and if two neighbor cells share the same PSS (as the Cell_A and Cell_B in Figure 4) sequence, the legacy UE might identify the combination of PSS from Cell_B and PEI from Cell_A, which will be recognized as a new cell, however does not exist.
[image: ]
[bookmark: _Ref65327235][bookmark: _Ref61617655]Figure 4. SSS-based PEI might impact the legacy cell search procedure
Observation 17. The SSS-based PEI has impact on the legacy cell search procedure.
Some companies proposed that the TRS-based PEI would be helpful for UE time and frequency tracking, in which when TRS-based PEI is deployed, UE can rely on TRS-based PEI for time and frequency synchronization and the number of SS burst reception would be saved. However, in the last meeting most companies only evaluated TRS-based PEI based on one slot TRS pattern, while the Rel-15, the TRS burst for time/frequency tracking is comprised with 2-slot TRS pattern in FR1. Considering the initial CFO can be as large as 0.5ppm when UE wakes up from sleep state to receive paging, one-slot TRS pattern may not be sufficient to recover so large CFO. Therefore, if one-slot TRS-based PEI will also be considered for time and frequency tracking, it can only replace one SS burst for the same time/frequency tracking performance. Secondly, since TRS-based PEI is not always transmitted, there is a risk that if TRS-based PEI is false alarmed, the idle/inactive mode UE would perform time and frequency tracking based on noise and interference for time and frequency tracking, which will result in even more time and frequency errors. In bad coverage, the false alarm rate of TRS-based PEI happens especially for sequence based detection. Although the time and frequency errors might not impact paging reception corresponding to the false alarmed TRS-based PEI since no paging is to be transmitted if Behv-A is configured. However, the time and frequency error might accumulate for the next paging occasion, and more SS bursts should be required for the paging reception. Last but not least, if Behv-B is configured, UE will receive paging when PEI is not transmitted, in which case the time and frequency tracking cannot rely on the PEI signal.
Observation 18. The false alarmed TRS-based PEI would introduce more time and frequency drift before the next paging cycle if TRS-based PEI is used for time and frequency tracking.
Observation 19. TRS based PEI cannot be used for time/frequency tracking for Behv-B.

Summary
Based on the above summary and observation, we propose to agree the following proposals.
Proposal 2: Adopt DCI carried by PDCCH as the physical layer channel for PEI indication in Rel-17.
General design of PDCCH-based PEI
In this section some of our general consideration of PEI is discussed.
Monitoring occasion for PDCCH-based DCI
Consideration on different time location of PEI occasion with respect to SS bursts
Generally the PEI occasion should be located before the incoming paging occasion and also near a SS burst, then UE can wake up once to receive both SSB and PEI. However the actually occasion needs to be carefully designed to avoid introduce additional power consumption due to unnecessary wake up and power state transition, and it should also consider the flexibility and compatibility for UEs in different coverage of different capabilities.
Firstly considering that all the UEs need at least one SS burst for intra-frequency measurements before paging reception and the PEI can rely on the SS burst for T/F synchronization for the reception of PEI, it would be better to place the PEI after one SS burst transmission.
Secondly for UEs in good coverage, which might require only one SS burst for time/frequency tracking and AGC adjustment for paging PDSCH reception before paging occasion, it would be better to place the PEI after the nearest SS burst before paging reception. However, if PEI is actually located in that position, for UEs in bad coverage, which requires three SS bursts for time/frequency tracking and AGC adjustment 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 5a.
[image: ]
a. PEI locates behind the nearest SS burst before PO.
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b. PEI locates behind the third nearest SS burst before PO which can save two SS burst reception for bad coverage UEs

[image: ]
c. PEI locates behind the third nearest SS burst before PO which introduces a short time deep/light sleep and power state transition for good coverage UE
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d. Multiple PEI transmissions for one PO
[bookmark: _Ref67597265]Figure 5. Idle mode UE procedures with respect to different PEI locations.
Observation 20. Considering there are different UEs in a cell, there can be multiple PEI occasions indicating the same PO.

Monitoring occasion for PEI
At least one SS burst needs to be received by UE for serving cell measurement. The SS burst can be also used for T/F tracking and AGC adjustment. To obtain a better power saving gain, the PEI should be transmitted after the SS burst. An offset between the SS burst and the monitoring window can be specified for the PEI design as showed in Figure 6. In our understanding, the offset should be equal to or larger than zero slot considering RF retuning might be required if the bandwidth of SSB and PEI are different. And if the offset is a non-zero value, UE can measurement all the SSBs in the time duration of the offset and determine which SSB has the best receive quality, then UE can only receive the PEI which is associated with the SSB having best quality and no need to receive all the PEI occasion. In the other hand, the offset should not be too large, as if UE is not paged, the UE can immediately switch to sleep state after the SSB and PEI reception.
[image: ]
[bookmark: _Ref67599455]Figure 6. Monitoring occasion for PEI.
Observation 21. A monitoring window and a small offset between the SS burst and the monitoring window can be specified for the PEI design.
DCI format
In RAN1#102-e, it is agreed that the DCI-based PEI can be based on:
	· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format



Wherein, the DCI format 2_6 is introduced in Rel-16 to carry power saving signal 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 such DCI format to carry the PEI if PDCCH-based PEI is deployed as the PEI is similar to the power saving signal in Rel-16. However, some modification would be needed as the DCI format 2_6 is block-wise and each block contains 1bit for wake-up indication and several bits for dormancy indication. If DCI format 2_6 is reused for PEI for idle/inactive mode UE, the functionality of block bits needs to be re-interpreted. For example, each block is associated to different PO and each bit in the block is linked to a sub-group of UEs of that PO, as illustrated in Figure 7 Reuse DCI format 2_6 for PEI transmission
[image: ]
[bookmark: _Ref70447571]Figure 7 Reuse DCI format 2_6 for PEI transmission
Observation 22. DCI format 2_6 with appropriate modification can be used to transmit PEI for idle/inactive mode UEs.
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:
Observation 1. DCI based PEI can fully support coexistence with the legacy downlink physical layer channels/signals of legacy UE based on Rel-15 specifications.
Observation 2. Semi-statically configured rate matching pattern can be used to multiplex SSS-based PEI and PDSCH(s) of legacy UE.
Observation 3. Using dedicated CORESET for dynamic rate matching of SSS-based PEI restricts the legacy UE from using UE specific CORESET in connected mode in FR1, and restricts multi-beam operation of downlink traffic for FR2.
Observation 4. CORESET0 with additional search space set would be used for dynamic rate matching of SSS-based PEI, which may consume the whole CORESET0 resource if the SSS based PEI needs to be rate matched.
Observation 5. At most one aperiodic ZP-CSI-RS resource set can be utilized on legacy UE for rate matching purpose of PEI considering Rel-15 only supports up to 3 aperiodic ZP-CSI-RS resource sets per BWP.
Observation 6. The ZP-CSI-RS resources for the TRS-based PEI occasions associated with different sub-groups or different POs in the same SS burst period have to be configured within the same ZP-CSI-RS resource set.
Observation 7. It is common issue for all three PEI candidates to associate PEI transmission(s) near a SS burst to the different POs during a SS burst period after the PEI transmission.
Observation 8. One PEI associating with multiple POs can save the resource overhead for PEI and does not introduce additional paging delay or power saving consumption.
Observation 9. PDCCH-based PEI can support to indicate at least 8 sub-groups per PO, and the payload can be used for sub-group indication and associated with multiple POs flexibly. 
Observation 10. 8 FDMed or TDMed PEI resources for SSS based PEI or TRS based PEI are needed to support 8 sub-groups indication in PEI, according to the observations in RAN1#104bis.
Observation 11. PDCCH-based PEI carrying 8 sub-group indication can provide the most efficient resource utilization with comparable power saving gain compared to TRS based PEI.
Observation 12. PDCCH-based PEI carrying 8 sub-group indication can provide better power saving performance with smaller resource overhead compared to SSS based PEI.
Observation 13. PDCCH-based PEI can indicate the availability for assistance TRS.
Observation 14. Sequence-based PEI signals is not suitable to support the indication of short message.
Observation 15. Sequence-based PEI signals is not suitable to support other power related information, e.g. assistance TRS availability indication
Observation 16. DCI-based PEI can be flexibly configured to carry PEI indication, sub-group indication, short message and other power saving functionalities, e.g. the availability indication of assistance TRS.
Observation 17. The SSS-based PEI has impact on the legacy cell search procedure.
Observation 18. The false alarmed TRS-based PEI would introduce more time and frequency drift before the next paging cycle if TRS-based PEI is used for time and frequency tracking.
Observation 19. TRS based PEI cannot be used for time/frequency tracking for Behv-B.
Observation 20. Considering there are different UEs in a cell, there can be multiple PEI occasions indicating the same PO.
Observation 21. A monitoring window and a small offset between the SS burst and the monitoring window can be specified for the PEI design.
Observation 22. DCI format 2_6 with appropriate modification can be used to transmit PEI for idle/inactive mode UEs.

Proposal 1: Both Behv-A and Behv-B are supported by Rel-17, which can be configurable by the network.
Proposal 2: Adopt DCI carried by PDCCH as the physical layer channel for PEI indication in Rel-17.
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[bookmark: _Ref71205421]Appendix A. Paging enhancement agreements in RAN1#104bis-e
Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource

Observation 2a:
For the evaluation and comparison of PEI candidate designs, the following summarize the identified configurations of PEI candidate designs, including pairs of the minimum required resource and maximum UE (sub)group indication capacity per PEI, that can comply with the mandatory performance metrics agreed in RAN1 #104-e:
· If Behv-A is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capcity 
	Number of companies providing performance results

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 1 symbol)
	3 bits
	1 (IDCC)

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)

	
	
	
	3 bits
	1 (IDCC)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)

	
	
	
	6 bits
	1 (CATT) 

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(OPPO, QC)

	
	
	
	4 bits
	1 (MTK)

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits
	1 (Intel)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	4 bits
	1 (MTK)



· If Behv-B is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capcity
	Number of companies providing performance results

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	4 
(HW/HiSi, OPPO, ZTE, MTK)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 (vivo, ZTE)

	
	
	
	6 bits
	1 (CATT)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)

	 

	PDSCH: MCS0, TB scaling 0.5
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	3 
(OPPO, ZTE, MTK)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)



Observation 3a:
For the evaluation and comparison of PEI candidate designs, the following summarize average resource overheads per PO for PEI candidate designs, considering the configurations identified from performance observation.
· The average overhead results are based on PO settings without impact from UE sub-grouping indication within the PO.
· Note: For comparison purpose, single-beam transmission for PEI is assumed, and results with multi-beam transmission for PEI is scaled. This doesn’t preclude any beam-forming related design for PEI.
· If Behv-A is assumed:
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capacity 
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Resource sharing assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)
	17.2
	OPPO
	1 PEI for up to 12 PO's
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	17.2
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	17.6
	HW/HiSi
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	21.8
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)
	49.5
	vivo
	1 PEI for 4 PO
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	57.6
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 
	57.6
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	576.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 2 symbols)
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)
	25.4
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	25.4
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	26.4
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	288.0
	QC
	1 PEI for 1 PO
	

	
	
	
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)
	123.4
	HW/HiSi
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)
	21.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)
	28.8
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	28.8
	ZTE
	1 PEI for 1 PO
	

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	6 bits
	1 (CATT) 
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2
 (OPPO, QC)
	30.0
	OPPO
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	30.0
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	300.0
	QC
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's
	Dynamic rate-matching in PDSCH

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)
	34.4
	OPPO
	1 PEI for up to 12 PO's
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged

	
	
	
	
	
	43.6
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	
	
	
	57.6
	Intel
	1 PEI for 1 PO
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits 
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)
	21.6
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	30.0
	OPPO
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH



· If Behv-B is assumed:

	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capacity
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Coexistence assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	4 
(HW/HiSi, OPPO, ZTE, MTK)
	24.0
	HW/HiSi
	1 PEI for up to 12 PO's
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	24.0
	OPPO
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	24.0
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	51.0
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)
	518.4
	vivo
	1 PEI for 1 PO
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	518.4
	Samsung
	1 PEI for 1 PO;
PEI RE# scaled w.r.t. 1-beam
	

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)
	228.6
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	228.6
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO;
average over all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(vivo, ZTE)
	259.2
	ZTE
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	259.2
	vivo
	1 PEI for 1 PO
	

	
	
	
	6 bits
	1 (CATT)
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	279.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH

	 

	PDSCH: MCS0, TB scaling 0.5
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	3 
(OPPO, ZTE, MTK)
	48.0
	OPPO
	1 PEI for up to 12 POs
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	102.0
	MTK
	1 PEI for up to 12 POs
	

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO; 
RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	270.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH




[bookmark: _Ref68613471]
Appendix B. UE procedure for receiving control information [2]
	For monitoring of a PDCCH candidate in a slot
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
-	If the UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
-	If at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, the UE is not required to monitor the PDCCH candidate.



Appendix C. Layer-1 features related to rate matching [3]
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	5-27
	Dynamic rate-matching resource set configuration for DL
	Bitmap 1/2/3
	
	rateMatchingResrcSetDynamic
	Phy-ParametersCommon
	No
	No
	
	Optional with capability signalling

	5-27a
	Dynamic rate-matching control resource set for DL
	Dynamic rate-matching control resource set for DL
	
	rateMatchingCtrlResrcSetDynamic
	Phy-ParametersCommon
	No
	No
	
	Mandatory with capability signalling



Appendix D. Power consumption model
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)

	Inter-frequency RRM measurement (Pinter)
	· 150 (measurement only per freq. layer; Pinter, meas-only)
· 150 (neighbor cell search power per freq. layer; Pinter, search-only)
· Micro sleep power assumed for switch in/out a freq. layer
	· [60] (measurement only per freq. layer; Pinter, meas-only)
· [150] (neighbor cell search power per freq. layer; Pinter, search-only)
· Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.
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