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1. [bookmark: _Toc120549591]Introduction
In RAN1#104-e meeting, some evaluation assumptions for PEI were agreed as the following [1].
Agreement:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 
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
Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
· Other multiplexing method with legacy channels/signals can be additionally reported with justification
Agreements:
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1: For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
a. When Behv-A is assumed: 
i. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
ii. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
b. When Behv-B is assumed: 
i. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
ii. The MDR of PEI should be no larger than [1%]
c. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
2. Companies to provide:
a. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
b. The required #REs to comply with the performance assumptions
c. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions
Alt 2: For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
a. When Behv-A is assumed: 
i. The MDR of PEI should be no larger than 0.1% 
ii. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
b. When Behv-B is assumed: 
i. The FAR of PEI should be no larger than 0.1%
ii. The MDR of PEI should be no larger than 1%
c. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
2. Companies to provide:
a. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
b. The required #REs to comply with the performance assumptions
c. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions
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 
Agreements:
Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.
In this contribution, paging early indication design with UE-subgroups will be discussed.
2. Paging early indication design
2.1 UE sub-grouping method
In last meeting, carrying UE subgroups information was agreed in the PEI design, but how to provide the sub-group information is FFS, the detailed UE sub-group indication method will be discussed in this section.
In RAN1#103 e-meeting, companies gave the evaluation results of power saving gain of sub-grouping carried in PEI/ or paging PDCCH, from the evaluation results we can see that the power saving gain of UE sub-grouping carried in PEI is much significant than UE sub-grouping carried in paging PDCCH. In addition, if we take the way that PEI + UE sub-grouping carried in paging PDCCH, some UEs may also consume unnecessary power on paging PDCCH monitoring if they are not be paged actually. Therefore, from the evaluation results and analysis, providing the indications for UE subgroups over PEI can achieve the most UE power saving gain, which should be supported.
Proposal 1. Support using PEI to provide the indications for UE subgroups.
Then we evaluate the power saving gain of different UE sub-group number. Assuming the group paging rate of one PO is , the paging rate of one sub-group is , where n is number of sub groups. Compared with PEI-only method, the UE power saving gain can be further increased due to the reduction of sub-group paging rate. Some evaluation results in different group paging rate and sub group numbers are in the Table 1.
Table 1. Power saving gain of PEI based UE sub-grouping
	
	Paging rate of one PO
	10%
	25%

	
	Sub groups number 
	2
	4
	8
	12
	2
	4
	8
	12

	Power saving gain
	low SINR
	21.75%
	22.35%
	22.65%
	22.75%
	20.70%
	22.27%
	23.08%
	23.35%

	
	high SINR
	11.39%
	11.73%
	11.90%
	11.96%
	10.69%
	11.58%
	12.04%
	12.20%



From the evaluation results, we can see that the power saving gain will increase with larger sub group number and the suitable UE sub group number range is 4 to 8, which can realize a balance between power saving gain and signalling indication overhead because if more sub groups are supported, the payload size of PDCCH based PEI or resources of RS based PEI will also be increased.
Proposal 2. The range of sub-group number of one PO is from 4 to 8.
After the discussion of UE sub group number, another issue needs to be discussed is how to divide UEs in one PO into these sub-groups. In order to achieve the largest UE power saving gain, the UE numbers in each sub groups should be the same. In current paging design, UE ID is used to calculate PF and PO to divide UEs into different POs, according to the formula in TS 38.304 as following, 
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The difference among UE_IDs which calculate the same PO is an integer multiple of N*Ns, i.e., UEs with UE_ID#1, UE_ID#1+N*Ns, UE_ID#1+2*N*Ns… monitoring the same PO. 
Assuming there is n sub-groups in one PO, as the difference among UE_IDs in one PO is an integer multiple of N*Ns, the sub-group index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n to realize the uniform distribution.
Proposal 3. If UE ID based sub-grouping is supported, the sub-group index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n, where n is the number of sub-groups in one PO.
2.2 Time domain resource allocation of PEI
2.2.1 Association between PEI and PO
In current paging configuration, the parameters of paging cycle, N and Ns have a large candidate values range, for example, the densest system PO periodicity is 5ms, the sparsest system PO density can be hundreds of milliseconds. As the discussion in section 2.1, the sub-grouping method can further improve the UE power saving due to one PO can be divided into multiple sub-groups, but this method is much suitable for low system PO density scenario, otherwise, the signalling overhead of PEI is too much.
In Rel-15 NB-IoT and eMTC, one WUS can associate one PO or multiple POs. The similar one-to-many association can also be introduced for NR PEI for high system PO density scenario to reduce PEI signalling overhead. But one difference from WUS is that multiple POs which have association with one PEI belong to different UEs in NR, but not the same UE. The association is illustrated in Figure 1, which 1(A) is the example of one PEI associate with two POs in one PF and 1(B) is the example of one PEI associate with four POs in two PFs.
[image: ][image: ]
(A)                       (B)
Figure 1. Illustration of association with PEI and POs
In a summary, the association between PEI and PO can be summarised as the following:
1) One PEI associate with multiple sub-groups of one PO 
2) One PEI associate with one/multiple POs of one/multiple PFs
For case 1), one PEI can provide the wake-up information of each sub-groups in one PO, which is much suitable for the low system PO density scenario. For case 2), one PEI can provide the wake-up information of one/multiple POs of one/multiple PFs, which is much suitable for high system PO density scenario.
Proposal 4. Support one-to-one and one-to-many mapping between PEI and PO.
2.2.2 PEI location
As the discussion in last few RAN1 meetings, 1 to 3 SS bursts for synchronization are needed for UE before PO reception. If PDCCH based PEI is supported, the PEI should be allocated around the first SS burst if more than 1 SS bursts are needed before PO reception to realize the biggest power saving gain. In addition, two issues are also needed to be considered in the PEI monitoring occasion. One is the beam sweeping of PEI which should have a one-to-one mapping with SSB similar as paging PDCCH. Another is the synchronization for PEI if PDCCH based PEI is used.
Considering these aspects, two PEI monitoring occasions are illustrated as in Figure 2, assuming 2 SS bursts are needed before PO reception. Figure 2 (A) is the case which the beam sweeping of PEIs are behind the first SS burst, and Figure 2 (B) is the case which the beam sweeping of PEIs are within the same slots with the first SS burst. Compared with case (A), case (B) can obtain more power saving gain, because the total power consumption of SSB and PEI can be reduced. A detailed illustration of case (B) is showed in Figure 3, which contains a case of 4 beams sweeping of SSB and two symbol PEI PDCCH for 15kHz in 5ms, the SSB and PEI with the same index has a QCL relationship.


Figure 2. Potential PDCCH based PEI time domain resource allocations



Figure 3. PDCCH based PEI time domain resource allocations when SSB and PEI are in the same slots

Proposal 5. If PDCCH based PEI is supported, PEI can be behind or within the slots of first SS burst.
In current search space #0 design, the first symbol index of PDCCH monitoring occasions is 0 and[image: ]when M=1/2. However, as the illustration in Figure 3, the first symbol index of PEI PDCCH monitoring accessions is 6 and 12 in this case, and if PDCCH based PEI is supported, the search space #0 cannot be re-used as the search space of PEI PDCCH, a new search space configuration similar as searchSpaceOtherSystemInformation and pagingSearchSpace can be defined for PEI PDCCH.
Proposal 6. If PDCCH based PEI is supported, a new search space can be defined for PEI monitoring.
3. Conclusions
In this contribution, paging early indication design are discussed, and the following observations and proposals are made.
Proposal 1. Support using PEI to provide the indications for UE subgroups.
Proposal 2. The range of sub-group number of one PO is from 4 to 8.
Proposal 3. If UE ID based sub-grouping is supported, the sub-group index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n, where n is the number of sub-groups in one PO.
Proposal 4. Support one-to-one and one-to-many mapping between PEI and PO.
Proposal 5. If PDCCH based PEI is supported, PEI can be behind or within the slots of first SS burst.
Proposal 6. If PDCCH based PEI is supported, a new search space can be defined for PEI monitoring.
4. References
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