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1. Introduction
In RAN1#104b e-meeting [1], the following were agreed:

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: (Table omitted)
· If Behv-B is assumed: (Table omitted)

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: (Table omitted)
· If Behv-B is assumed: (Table omitted)

This contribution discusses two paging enhancement techniques and provides corresponding performance evaluations regarding power saving gain, reliability, and system impact. 

2. Paging Enhancement Technique #1: Paging Early Indication (PEI) 
It was agreed in RAN1#103-e to support paging early indication (PEI) for UE power saving in idle/inactive mode. The PEI is included in a L1 signal/channel to indicate whether or not the UE needs to wake up for paging PDCCH reception in a PO. In this section, we discuss L1 signal/channel design and some key configuration aspects for PEI.
2.1 L1 signal/channel design
According to the agreement made in RAN1#103-e, three potential solutions are considered regarding the L1 signal/channel design of PEI.
· Alt1: PDCCH based solution
· Alt2: SSS based solution
· Alt3: CSI-RS/TRS based solution

For PDCCH based solution, the PEI can be carried in the payload of a DCI format, for example a DCI format 1_0. A binary bit in DCI can indicate whether or not to monitor a PO. To avoid always-on transmission of PEI, UE behaviour regarding to the case when PEI is not detected should be specified. A DCI payload can be used to provide a large size of PEI to one or more UE sub-groups. However, channel resources will be wasted if the PEI is less than 12 bits since the minimum DCI payload size should be at least 12 bits to consider the requirement of Polar Coding for PDCCH. 

For Alt2 and Alt3, both SSS based and CSI-RS/TRS based PEI replies on detection of a RS. A RS of PEI can be transmitted by NW on demand to indicate existence or absence of paging PDCCH in a PO. If the RS based PEI indicates the existence of PO, a UE wakes up for paging PDCCH reception in the PO when the UE detects corresponding RS. 

For SSS based solution, a RS can be generated from two M-sequences. The RS has a fixed length and is mapped into 127 continuous REs in the frequency domain. To avoid impact to legacy synchronization performance, SSS based PEI should consider some modification on sequence generation, for example consider a cycle shift of the M-sequences.

For CSI-RS/TRS based solution, a RS is generated from a ZC sequence, where the RS has a flexible length according to a number of occupied RBs configured by higher layer. Any existing CSI-RS/TRS, including new CSI-RS/TRS introduced in Rel-17 can be considered as potential L1 signal design for PEI. A CSI-RS/TRS can be mapped into non-continuous REs across the allocated RBs in the frequency domain and 1/2/4 OFDM symbols in the time domain.  The RE mapping for CSI-RS/TRS based PEI can be determined based on a density in terms of a number of D REs per RB, and a number of N occupied OFDM symbols. 

For co-existence with legacy signal/channel, PEI can be configured to coexistence with either PDCCH or PDSCH. When coexistence with PDCCH, either PDCCH based PEI or RS based PEI can share resources dynamically with CORESET of Rel-15 UEs thanks to the nature of UE blindly decoding PDCCH in a CORESET. 

For dynamic resource sharing with PDSCH of Rel-15 UEs, CSI-RS/TRS based PEI has the best performance according to the agreement from last meeting. TRS/CSI-RS based PEI can achieve RE-level rate-matching patterns, while PDCCH based and SSS based PEI can only achieve CORESET-level and RB-symbol-level rate-matching, respectively. 

Observation 1: TRS/CSI-RS based PEI has best coexistence performance with legacy signal/channel of Rel-15 UEs due to RE-level rate matching pattern. 

2.2 Key configuration aspects

Configuration of PEI should be provided to UEs based on higher layer signaling. The content of configuration may vary depending on L1 signal/channel design. However, some configuration aspects are common regardless of the L1 signal/channel design. 

2.2.1 Monitoring occasion of PEI relative to an associated PO
Since PEI is used to indicate UE behavior regarding PDCCH reception in a PO, the MOs for corresponding PEI should be determined relative to the associated PO(s).

First of all, it’s essential to determine the number of associated PO(s) per PEI transmission. A PEI may be associated with more than one POs to reduce resource overhead for PEI transmission. However, NR already supports flexible UE grouping mechanism for paging reception. NW can configure the number of PF and the number of POs per PF by higher layers. A PEI associated with N>1 POs is equivalent to group UEs from the N>1 POs into a single PO and consider N UE subgroups within a PO. So, UE subgrouping within a PO is sufficient if further UEs grouping is needed. Also, when a PEI is associated with multiple POs, the time gap between PEI and PO will be different for UEs from different associated POs, thus lead to different power saving gain. This will increase the difficulty on NW side to configure more proper PEI MOs that are fair to the UEs associated with different POs. 

Observation 2: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient.

Therefore, we propose to support a PEI associated with a single PO. 

Proposal 1: Support 1:1 mapping between a PEI and associated PO.  

To determine the PEI MOs, a time offset, O, between the start of PEI and the start of an associated PO, should be provided to UE. The time offset, O, can be small as illustrated in Figure 1 (a), where the PEI MOs are allocated right before an associated PO. In this case, the UE only needs to wake up one time to process PEI and PO sequentially. But UE has to finish synchronization before PEI or during PEI reception as no additional RS resources are available before paging reception in the associated PO. Alternatively, a large time offset, O, can be considered to allow additional SSBs between PEI and PO as illustrated in Figure 1 (b). A UE may relax the synchronization requirement for PEI reception, and process SSBs for synchronization after PEI reception if the PEI indicate UE to wake up for paging reception. However, the large gap O may not be necessary for some UEs with good channel condition and will increase UE power consumption as the UE has to wake up multiple times for PEI reception and paging reception. Since UE grouping is based on UE ID, it’s difficult for NW to configure large time offset, O, preferable for all UEs within a PO. Also, additional SSBs are not needed if RS based PEI is considered. 
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(a) PEI allocated right before PO w/ small time offset, O
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(b) PEI w/ large time offset, O, and additional SSBs between PEI and associated PO

Figure 1: Illustration of PEI MOs and UE processing timeline in idle/inactive mode

Since a number of additional SSBs for synchronization after PEI reception are not necessary for UE with good channel condition or RS based PEI. We propose to support a time gap between start of PEI MOs and start of an associated PO without need for additional SSBs between the gap. 

Proposal 2: Support configuration of a time offset, O, between start of PEI monitoring occasions and start of an associated PO without need for additional SSBs between PEI and associated PO.

2.2.2 Multi-beam transmission in idle/inactive state
Another essential configuration aspect to determine regardless of L1 signal/channel design is multi-beam operation of PEI transmission. Same as other signal/channels transmitted in the idle/inactive mode, PEI should be transmitted over N>1 occasions, where each occasion can have a predetermined QCL information. Figure 2 illustrates an example of multi-beam transmissions of SSBs, PEI and PO in idle/inactive mode.


Figure 2: Illustration of multi-beam transmission of PEI

Proposal 3: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.

For PDCCH-based PEI, N >1 reception occasions can be QCLed SSBs, where the SSBs are used as QCL RS. Similar as paging PDCCH, the number of PEI reception occasions equals to the number of M transmitted SSBs per burst, such that N = M.

For RS-based PEI, there is more flexibility for multi-beam operation, considering the fact that the RS can be detected based on on-coherent detection methods. In one method, a TCI state can be provided to UE in the configuration from higher layer, similar as legacy TRS/CSI-RS resource. Alternatively, the RS of PEI can be used as QCL RS for paging PDCCH, where no explicit QCL information for the RS-based PEI are needed. NW can configure wider beams for RS-based PEI with smaller number of MOs than the number of transmitted SSBs per burst, i.e. N <= M. 

Observation 3: RS-based PEI based on non-coherent detection has more flexibility than PDCCH-based PEI in terms of the number of monitoring occasions needed for multi-beam transmission.  
2.3 Performance evaluation 
2.3.1 Power saving gain
To evaluate the power saving gain for different paging enhancement techniques, we consider UE power consumption for different UE activities in idle/inactive mode, including 
· (Re)synchronization and loop convergence 
· Paging PDCCH and/or paging PDSCH reception in PO
· Serving cell RRM measurements per DRX cycle
· Intra-frequency RRM measurement with a measurement gap (MG)

First of all, we evaluate average power consumption for the following four cases.
· Case #0: baseline without PEI
· Case #1: PDCCH-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 1(a).  
· Case #2: PDCCH-based PEI with monitoring occasions after first SSBs burst used for synchronization, where time offset between PEI and PO is large (8ms, 28ms, 48ms for N_SSBs = 1, 2, 3, respectively) as illustrated in Figure 1(b).  
· Case #3: RS-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 1(a). In this case, UE use SSBs for intra-frequency or inter-frequency RRM measurement only, while the RS-based PEI can be used for synchronization or loop convergence before PO.

The processing timeline is illustrated in Figure 1 in Section 2.2.1. For PDCCH-based PEI, we assume the duration of PEI MOs are same as PO, which is 4ms. For RS-based solution, the duration of PEI is assumed to be same as SSBs, which is 2ms. In practice, UE may monitor only partial configured MOs for paging PDCCH and PEI. So, we evaluate the power saving gain for two scenarios. One scenario is that UE monitors all configured MOs, while the other scenario UE only monitor one MO out from the multiple configured MOs for both paging PDCCH and PEI. The power saving gain for different L1 signal/channel design of PEI are computed relative to the baseline in Table 1. We consider different channel conditions, where a number of  =1, 2, and 3 SSB bursts are used for synchronization corresponds to high, medium, and low SINR, respectively.  

Table 1: Power saving gain for different L1 signal/channel design for PEI with group paging rate of 10%
	
	PEI configurations
	Power saving gain


	
	
	UE monitors all configured MOs for paging PDCCH/PEI
	UE monitors one MO for paging PDCCH/PEI

	High SINR
(N_SSBs = 1)
	Case #1
	8.95%
	7.94%

	
	Case #2
	8.95%
	7.94%

	
	Case #3
	15.40%
	10.91%

	Medium SINR
(N_SSBs = 2)
	Case #1
	2.16%
	1.29%

	
	Case #2
	15.64%
	15.52%

	
	Case #3
	20.49%
	18.71%

	Low SINR
(N_SSBs = 3)
	Case #1
	1.88%
	1.11%

	
	Case #2
	25.33%
	25.54%

	
	Case #3
	30.84%
	29.64%



According to the evaluation results in Table 1, the following are observed:

Observation 4: PDCCH based PEI achieves 1.11% to 25.54% power saving gain, which is very sensitive to the monitoring occasions of PEI. The high power saving gain comes at low SINR based on very large time gap between PEI and PO.

Observation 5: RS-based PEI achieves 10.91% to 30.84% power saving gain, and achieves about 3% to 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Therefore, we propose to prioritize RS based PEI over PDCCH based PEI for the benefit of higher and reliable power saving performance.

Proposal 4: Support RS-based PEI for better power saving performance. 

2.3.2 Resource overhead
Resource overhead for PEI will be impacted by determining factors, including
· required number of REs per PEI monitoring occasion to ensure no paging detection performance, 
· number of PEI reception occasions for multi-beam operation, and
· group paging rate or UE subgroup paging rate.

In RAN1-104e meeting, companies’ evaluations on resource overhead per PO for different PEI designs were captured based on the minimum required resource to achieve target reliability. However, the impact due to multi-beam operation and signalling methods for UE subgrouping indication are omitted. As we discussed in Section 2.2.2, different PEI designs may require different number of beams. Also, signalling method for UE subgrouping indication may result in different resource overhead. For example, UE subgrouping can be indicated based on cyclic shifts of assigned SCs in frequency domain, which could introduce additional resource overhead.

Proposal 5: Consider resource overhead on multi-beam operation and signalling methods for UE subgrouping indication for down-selection of L1 signal/channel design of PEI.  

In general, 1: N mapping between a PEI and POs can help reduce the averaged resource overhead per PO regardless of the L1 signal/channel design. However, there will be impact on both power saving gain and corresponding detection reliability due to the different sleep duration between the PEI and corresponding PO per UE. Also, there is no need to consider UE grouping based on PEI as legacy paging mechanism already supports flexible configuration of UE grouping for paging. Furthermore, PEI’s capability to indicate multiple information bits is also reported by companies for UE subgrouping associated with a single PO. The justification of reduced resource overhead based on 1 PEI for up to 12 POs is unacceptable when the capability is considered repeatedly for both PEI based UE subgrouping and UE grouping.

Therefore, resource overhead among different L1 signal/channel designs based on 1 PEI for 1 PO should be compared for potential down-selection. According to the observation in last meeting [1], the resource overhead for different PEI designs can be summarized in Table 2 and 3 below:

Table 2: Average resource overhead per PO (REs) for different PEI designs for Behav-A
	Alternatives
	Dynamic rate-matching
	Semi-static rate matching

	PDCCH-based
	28.8 -57.6
	288.0 – 576.0

	SSS-based
	25.4 - 34.0
	254.0 - 437.0

	TRS/CSI-RS based
	14.4 – 30.0
	168.0 - 300.0




Table 3: Average resource overhead per PO (REs) for different PEI designs for Behav-B
	Alternatives
	Dynamic rate-matching
	Semi-static rate matching

	PDCCH-based
	518.4 (always transmitted)

	SSS-based
	228.6 
	254.0 - 561.0

	TRS/CSI-RS based
	259.2 
	168.0 - 279.0



According to the summary in Table 2 and Table 3, we can observe the TRS/CSI-RS based PEI has the best performance, while PDCCH-based PEI has the worst performance regarding the resource overhead. 

Observation 6: The resource overhead for different PEI designs has the following order: 
· PDCCH based > SSS-based > TRS/CSI-RS based

Therefore, we propose to prioritize RS based PEI for the benefit of low resource overhead. 

Proposal 6: Support TRS/CSI-RS based PEI for low resource overhead.


3. Paging Enhancement Technique #2: UE-subgrouping for paging
In this section, we discuss detail design for indicating UE sub-groups in a PO, including
· Physical layer channel/signal: PEI-only,
· Specific design on how to map PEI bit/sequence/code-point to UE subgroup(s) in a PO, and
· Performance evaluation on resource overhead and UE power saving gain
3.1 Signaling methods
According to the agreement in RAN1#104-e, UE subgroup indication can be further studied over PEI and/or paging PDCCH. So, the following three types of signaling methods can be considered:
· Alt1: PEI only
· Alt2: PEI + paging PDCCH 
· Alt3: paging PDCCH only

In [2], RAN2 determined to support maximum number of UE subgroups per PO to be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signaling 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.

The power saving gain for UE subgrouping indication is determined by group paging rate per PO. The larger group paging rate, the higher power saving gain a UE can expect. However, when group paging rate is very large, for example RedCap use case with large connectivity, the resource overhead for transmitting PEI increases accordingly. gNB may not be able to configure or transmit PEI due to the large resource overhead in practice. In this case, the UE subgrouping indication based on paging PDCCH only is needed to achieve power saving gain without increasing resource overhead. Currently, there are 6 reserved bits in short message and additional 8 reserved bits DCI format 0_1 with CRC scrambled by P-RNTI. So the legacy paging PDCCH can support up to 14 UE subgroups per PO without increase of resource overhead and impact to legacy signal/channel and PEI reception. 

Observation 7: The reserved bits in legacy paging PDCCH support up to 14 UE subgroups per PO without additional resource overhead.

Proposal 7: Support at least paging PDCCH only for UE subgrouping indication without additional resource overhead. 
 
For Alt1, PEI is likely to be configured for power saving when the group paging rate is small, for example 10%. The power saving gain on top of PEI from UE-subgrouping is very small (up to 2.04%) according to the evaluation in Section 3.3.1. Therefore, there is no need to support large UE subgroup size for PEI only. 

For Alt2, a combination of PEI and paging PDCCH can be considered to support a large UE subgroup size while balance the resource overhead on PEI and paging PDCCH. Currently, there are 6 reserved bits in short message and additional 8 reserved bits DCI format 0_1 with CRC scrambled by P-RNTI. So the legacy paging PDCCH can support up to 14 bits UE subgroup indication without increase of resource overhead and impact to legacy signal/channel. When a large UE subgroup size is needed, for example, larger than 14, a combination of PEI and paging PDCCH can be considered. However, the cost is reduced power saving gain as UE may monitor both PEI and paging PDCCH to determine whether or not the UE is paged.  

The UE procedure for determining UE subgroup will become complicated for Alt2. A combination of PEI and paging PDCCH based indication could also require large efforts on coordination between RAN1 and RAN2. Therefore, we prefer to Alt3 paging PDCCH based UE subgroup indication for large UE subgroup size, while Alt1 PEI only based UE subgroup indication for small UE subgroup size.
3.2 Details for PEI based UE subgrouping indication
In this subsection, we discuss specific design on how to map PEI, for example bit/sequence/code-point, to UE subgroup(s) in a PO. 

For PDCCH based PEI, the payload of DCI format in terms of N>1 bits can be used to for UE subgroup indication. For example, a bitmap can be included in the DCI format, where each binary bit is associated with a UE subgroup to indicate whether or not to receive paging PDCCH for the corresponding UEs. 

For RS based PEI, there are many methods to indicate UE subgroups, such as
· Alt1: a pool of sequences with low correlations, where each sequence out from 2^N sequences is mapped to a state of wakeup/not wake-up for N UE subgroups.
· Alt2: CDM of multiple RS resources correspond to different UE subgroups 
· Alt3: FDM/TDM of multiple RS resources correspond to different UE subgroups, e.g. cyclic shift of allocated SCs  

For Alt1, a pool of multiple sequences with low correlation can be considered, such that a sequence pool in size of  can be used to indicate PEI for  UE subgroups. For example, different roots or cyclic shift of M-sequence can be considered to generate multiple sequences for SSS based PEI. In this case, the  UE subgroups share the same resources for PEI reception without resource overhead increased in the system. But, the UE may expect some detection performance degradation of the RS-based PEI. The capability for UE subgrouping indication is limited by the impact on detection reliability. 

For Alt2, CDM based on a cover code in time or frequency domain can be mapped into a UE subgroup. The capability for UE subgroup indication based on Alt2 depends on the design of the cover code. Table 4 illustrates a set of cover code in both time and frequency domain to support up to UE subgroup size of 8. It can be applied to CSI-RS based PEI with RE mapping within a RB as illustrated in Figure 3.

Table 4: Cover codes to support up to 8 UE subgroups per CDM group
	Index
	[wf(0) wf(1)]
	[wt(0) wt(1) wt(2) wt(3)]

	0
	[+1 +1]
	[+1 +1 +1 +1]

	1
	[+1  -1]
	[+1 +1 +1 +1]

	2
	[+1 +1]
	[+1  -1 +1  -1]

	3
	[+1  -1]
	[+1  -1 +1  -1]

	4
	[+1 +1]
	[+1 +1  -1  -1]

	5
	[+1  -1]
	[+1 +1  -1  -1]

	6
	[+1 +1]
	[+1  -1  -1 +1]

	7
	[+1  -1]
	[+1  -1  -1 +1]







Figure 3: RE mapping per RB for CSI-RS based PEI with UE subgroup indication based CDM8

For Alt3, orthogonal resource allocation for PEI can be considered to indicate UE subgrouping for paging. For example, a cyclic shift of SCs allocated for PEI transmission to indicate UE subgrouping based on PEI. The cost is additional resource overhead for PEI transmission when multiple UE subgroups are paged at the same time. But the overhead per PEI for RS based PEI is low, and the PEI is transmitted on demand.  The resource overhead doesn’t increase much for supporting multiple UE subgroups based on Alt3. 

Figure 4 illustrates an example for UE subgroup indication for CSI-RS based PEI to support 8 UE subgroups. 




Figure 4: RE mapping per RB for TRS based PEI with UE subgroup indication based FDM


A combination of more than one alternatives can also be considered for UE subgroup indications for RS based PEI. Similar as CSI-RS antenna port indication in NR Rel-15, a combination of CDM and FDM/TDM can be considered, such that more than one CDM groups based on FDM/TDM with orthogonal resource allocations are considered to support more UE subgroup size if needed. 

Proposal 8: Support CDM and/or FDM/TDM for UE subgroup indication based RS based PEI.

3.3 Performance Evaluation
3.3.1 Power saving gain
To evaluate power saving gain for UE subgrouping, power saving gain is evaluated relative to a baseline assumes UE paging rate , leads to group paging rate of 10.01% and 19.01% for UE group size of 32 and 64, respectively. The number of SSBs for (re)synchronization assumed is one, . The power saving gain for different number of UE subgroups, K, is provided in Table 5 and Table 6 corresponding to different UE group paging rate.
Table 5: Power saving gain for UE subgrouping w/ group paging rate = 10.01%
	Alternatives
	K=1
	K=4
	K=8
	K=16
	K=32

	PEI
	PDCCH based
	8.95%
	10.96%
	11.31%
	11.49%
	11.58%

	
	RS based
	15.40%
	17.68%
	18.08%
	18.28%
	18.38%

	Paging PDCCH
	0%
	0.86%
	1.02%
	1.09%
	1.13%


Note: Behav-A, UE monitors all MOs for PEI and paging PDCCH reception

Table 6: Power saving gain for UE subgrouping w/ group paging rate = 19.02%
	Alternatives
	K=1
	K=4
	K=8
	K=16
	K=32

	PEI
	PDCCH based
	7.48%
	11.21%
	11.89%
	12.24%
	12.41%

	
	RS based
	13.53%
	17.76%
	18.54%
	18.93%
	19.13%

	Paging PDCCH
	0%
	1.60%
	1.90%
	2.04%
	2.12%


Note: Behav-A, UE monitors all MOs for PEI and paging PDCCH reception

According to evaluation results in Table 5 and Table 6, we observe the following:

Observation 8: UE sub-grouping on paging PDCCH achieves small (up to 2.12%) power saving gain, where the gain depends on group paging rate. 

Observation 9: UE sub-grouping on PEI achieves up to 11.58% - 19.13% power saving gain, depending on group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 10: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 8.  

Proposal 9: Support UE subgroup size up to 8 for PEI only.

3.3.2 Reliability and minimum required resources 
In [3], we provided some evaluation results on the reliability for different PEI design to avoid impact on legacy paging PDCCH and PDSCH. We observed the minimum required SNR to achieve target BLER of 1% for paging PDSCH is -3dB with residual CFO of 0.1ppm.

For PDCCH based PEI, UE subgroups can be indicated by DCI payload. We observed that the minimum required resources for PDCCH based PEI to achieve target reliability based on Alt1 and Alt2 agreed in RAN1#104e are as follows:
· CCE AL= 8 (576REs) for PEI with up to 12 UE subgroups
· CCE AL = 16 (1152REs) for PEI with more than 12 UE subgroups

For SSS-based PEI indication, we prefer no modification on legacy SSS sequence to avoid impact on synchronization for Rel-15 UEs. Then only FDM/TDM based signalling can be considered for SSS based PEI for UE subgroup indication. The minimum required REs per PEI has been provided in [3]. We observed that MDR for SSS-based PEI with 2OS at SNR = -3dB is 0.045%, results in a MDR_joint_A of 0.84%, which satisfies the requirement based on both Alt1 and Alt2 agreed in RAN1#104e. 

For CSI-RS based PEI, we consider the following configurations based on the discussion in Section 3.2 to support up to 32 UE subgroups:
· Case 1: TRS with cyclic shift to support up to 4 UE subgroups
· Case 2:CSI-RS with CDM8-FD2-TD4 to support up to 8 UE subgroups
· Case 3: CSI-RS with CDM8-FD2-TD4 and 2 CDM groups to support up to 16 UE subgroups
· Case 4: CSI-RS with CDM8-FD2-TD4 and 4 CDM groups to support up to 32 UE subgroups 

We simulate MDR at target different false alarm rates (FARs). The false alarm rate corresponds to the rate the UE detects PEI, but NW doesn’t transmit QPSK modulated random data instead of PEI.  
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(a) FAR of 1%                                                           (b) FAR of 0.1%
Figure 5: MDR for CSI-RS/TRS based PEI 

According to the simulation results in Figure 5(a) for Behav-A, we observe that the MDR for TRS with 36 RBs at SNR of -3dB is 0.18%, results in a MDR_joint_A of 0.98%, which satisfies the requirement based on both Alt1 and Alt2. For CSI-RS with CDM8-FD2-TD4, the MDR with 21 RBs at SNR of -3dB is 0.07%, results in a MDR_joint_A of 0.90%. 

Observation 11: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-A are as follows:
· TRS only without CDM requires 36 RBs* 6REs/RB = 216 REs
· CSI-RS with CDM8-FD2-TD4 requires 21 RB*8REs/RB = 168 REs

According to the simulation results in Figure 5(b) for Behav-B, MDR_Joint_B = FRA_PEI + (1-PAR_PEI)*MDR_Paging_PDCCH = 0.9% when FAR_PEI = 0.1%. For TRS based PEI with 27RBs, MDR_PEI = 0.92% < 1%. For CSI-RS with CDM8-FD2-TD4, the MDR with 15RBs is 0.74% < 1%.

Observation 12: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-B are as follows:
· TRS only without CDM requires 27 RBs* 6REs/RB = 162 REs
· CSI-RS with CDM8-FD2-TD4 requires 15 RB*8REs/RB = 120 REs

3.3.3 Resource overhead
Resource overhead for PEI will be impacted by determining factors, including
· required number of REs per PEI monitoring occasion to ensure no paging detection performance, denoted as 
· number of PEI reception occasions for multi-beam operation, 
· group paging rate or UE subgroup paging rate,  

For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following two types of UE behaviours are can be considered based on agreement from RAN1#104e meeting:
· 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

For PEI based on Behv-A, NW transmits PEI only if UE is indicated to monitor PO. Therefore, if the same time or frequency resources are shared among K>=1 UE subgroups, the resource overhead,  can be estimated as


For PEI base don Behav-B, NW is required to transmit PEI to indicate no-wakeup for power saving if UE is not paged. Therefore, the resource overhead,  can be estimated as
.


When FDM/TDM is considered for PEI with UE subgroup indication, the resource overhead is determined based on UE subgroup paging rate, and can be calculated as below. 
, for Behav-A

, for Behav-B

The resource overhead for PEI with UE subgrouping indication are calculated in Table 7 and Table 8 below.

Table 7: Resource overhead (averaged RE) for PEI with UE subgrouping
(Behav-A, UE group paging rate = 10%)
	
	K=4
	K=8
	K=16
	K=32

	PDCCH-based
	per MO
	57.6
	57.6
	115.3
	115.3

	
	per PO
	460.8
	460.8
	922.4
	922.4

	CSI-RS/TRS-based
	Per MO
	22.5
(TRS)
	16.8
(CSI-RS)
	16.8
	17.3
	17.5

	
	Pre PO
	90
(TRS)
	67.2
(CSI-RS)
	67.2
	69.2
	70


Note: PDCCH-based PEI has 8 MOs, RS-based PEI has 4 MOs

Table 8: Resource overhead (averaged RE) for PEI with UE subgrouping
(Behav-B, UE group paging rate = 10%)
	
	K=4
	K=8
	K=16
	K=32

	PDCCH-based
	per MO
	518.4
	518.4
	1036.7
	1036.7

	
	per PO
	4147.2
	4147.2
	8293.6
	8293.6

	CSI-RS/TRS-based
	Per MO
	631.1
(TRS)
	108.0
(CSI-RS)
	108.0

	227.7
	467.5

	
	Pre PO
	2524.4
(TRS)
	432
(CSI-RS)
	432
	910.8
	1870


Note: PDCCH-based PEI has 8 MOs, RS-based PEI has 4 MOs

According to the evaluation results in Table 7 and Table 8, we can observe the following:

Observation 13: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Proposal 10: Support only Behav-A for PEI reception for the benefit of low resource overhead.

Observation 14: PDCCH-based PEI requires 3.4x to 6.6x more resource overheads than CSI-RS/TRS-based PEI for indicating UE subgroups for paging.

Therefore, we prefer CSI-RS/TRS based PEI for the benefit of low resource overhead regardless of UE subgroup size. 

5. Conclusion	
This contribution considered techniques of paging enhancement for power saving in idle/inactive mode. Following observations and proposals are made:

Observation 1: TRS/CSI-RS based PEI has best coexistence performance with legacy signal/channel of Rel-15 UEs due to RE-level rate matching pattern. 

Observation 2: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient.

Observation 3: RS-based PEI based on non-coherent detection has more flexibility than PDCCH-based PEI in terms of the number of monitoring occasions needed for multi-beam transmission.  

Observation 4: PDCCH based PEI achieves 1.11% to 25.54% power saving gain, which is very sensitive to the monitoring occasions of PEI. The high power saving gain comes at low SINR based on very large time gap between PEI and PO.
[bookmark: _GoBack]
Observation 5: RS-based PEI achieves 10.91% to 30.84% power saving gain, and achieves about 3% to 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Observation 6: The resource overhead for different PEI designs has the following order: 
· PDCCH based > SSS-based > TRS/CSI-RS based

Observation 7: The reserved bits in legacy paging PDCCH support up to 14 UE subgroups per PO without additional resource overhead.

Observation 8: UE sub-grouping on paging PDCCH achieves small (up to 2.12%) power saving gain, where the gain depends on group paging rate. 

Observation 9: UE sub-grouping on PEI achieves up to 11.58% - 19.13% power saving gain, depending on group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 10: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 4.  

Observation 11: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-A are as follows:
· TRS only without CDM requires 36 RBs* 6REs/RB = 216 REs
· CSI-RS with CDM8-FD2-TD4 requires 21 RB*8REs/RB = 168 REs

Observation 12: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-B are as follows:
· TRS only without CDM requires 27 RBs* 6REs/RB = 162 REs
· CSI-RS with CDM8-FD2-TD4 requires 15 RB*8REs/RB = 120 REs

Observation 13: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Observation 14: PDCCH-based PEI requires 3.4x to 6.6x more resource overheads than CSI-RS/TRS-based PEI for indicating UE subgroups for paging.

Proposal 1: Support 1:1 mapping between a PEI and associated PO.  

Proposal 2: Support configuration of a time offset, O, between start of PEI monitoring occasions and start of an associated PO without need for additional SSBs between PEI and associated PO.

Proposal 3: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.

Proposal 4: Support RS-based PEI for better power saving performance. 

Proposal 5: Consider resource overhead on multi-beam operation and signalling methods for UE subgrouping indication for down-selection of L1 signal/channel design of PEI.  

Proposal 6: Support TRS/CSI-RS based PEI for low resource overhead.

Proposal 7: Support at least paging PDCCH only for UE subgrouping indication without additional resource overhead. 

Proposal 8: Support CDM and/or FDM/TDM for UE subgroup indication based RS based PEI.

Proposal 9: Support UE subgroup size up to 8 for PEI only.

Proposal 10: Support only Behav-A for PEI reception for the benefit of low resource overhead.
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7. Appendix
. 
Table 9: LLS assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	SCS
	30KHz

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	1/2TX 

	Residual CFO
	0.1ppm

	Channels
	TDL-C 
300 ns delay spread
100 Hz Doppler shift

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
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