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Introduction
In RAN#88 meeting, the objectives of paging enhancement for idle/inactive mode UE power saving were agreed as follows [1]:  
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting


According to the discussion in RAN1-#106e meeting, the conclusions of PEI design can be found as below [2].
	Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI

Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but can not be accepted by 3 companies, i.e., Intel, CATT, Sony.



In this contribution, the candidate of PEI (paging early indication) design and the TU for RAN3 are discussed.
Discussion on paging enhancement
In RRC idle/inactive mode, UE needs to monitor paging occasions (PO) to detect the potential system information change notifications and paging message. Furthermore, the UE should perform SSB processing to adjust AGC, correct time/frequency offset, and perform intra/inter-frequency measurement. According to the contribution in [3], NR idle-mode power consumption can be 75% higher than that of LTE, which is shown in Figure 1.
[image: ]
Figure 1 Idle-mode power consumption comparison between LTE and NR 

[bookmark: _Toc10534][bookmark: _Toc3460]Based on the comparison of idle-mode power consumption between NR and LTE, it is necessary to enhance paging reception for idle/inactive mode UE power saving in NR. 
The main contributor to the power consumption of NR idle/inactive mode UE is the unnecessary PO reception and SSB processing when UE is not paged. Therefore, PEI and paging sub-grouping were agreed to reduce the unnecessary PO reception and SSB processing. The corresponding RAN1 agreements are copied as below.
	Agreements in RAN1#103: 
For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact

	Agreements in RAN1-#105:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


[bookmark: _Toc9983][bookmark: _Toc3051]It has been agreed in RAN1 to introduce PEI and paging sub-grouping for paging enhancement. If PEI is not introduced, RAN1 agreements will be reverted.
Moreover, if PEI is not supported, sub-grouping information can be only carried by paging DCI. However, according to the following observation of power saving gain summarized in RAN1#103-e meeting [4], the power saving gain of UE sub-grouping indication via paging DCI is marginal.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.


[bookmark: _Toc31382][bookmark: _Toc25775]Without PEI, the power saving gain of paging sub-grouping only is marginal.
To sum up, the agreed PEI physical layer design is the most effective solution to reduce the power consumption of NR UE idle/inactive mode. Therefore, the introduction of PEI is necessary.
[bookmark: _Toc30100][bookmark: _Toc29795][bookmark: _Toc16566]Based on power saving gain and RAN1 agreements, the introduction of PEI is necessary.

Discussion on PEI candidate 
Regarding the candidate PEI design, the following conclusions were reached in RAN1-106e.
	Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI

Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but can not be accepted by 3 companies, i.e., Intel, CATT, Sony.


From the conclusion it can be seen that the majority companies support PDCCH-based PEI. This is because PDCCH-based PEI has comparable or better performance in terms of power saving gain, MDR performance, co-existence with other signal/channels, resource overhead and standardization workload.
· Power saving gain
In RAN1-105-e, the observations about power saving gain from the PEI candidates were agreed [5]. Furthermore, according to the analysis in [6], the power saving gain from PEI candidates depends on the PEI location. With a proper configuration of PEI location, the power saving gain from both PDCCH-based PEI and SSS-based PEI are comparable.
[bookmark: _Toc8984][bookmark: _Toc11586]The power saving gain of PDCCH-based PEI and SSS-based PEI is the comparable.

· MDR performance
According to the RAN1 agreements, both PDCCH-based PEI and SSS-based PEI are verified to satisfy the mandatory joint MDR performance criterion. 
For SSS-like PEI, non-coherent detection can be used. While for PDCCH-based PEI, the ML decoding can be adopted with a small payload size. When ML decoding is adopted for PDCCH-based PEI, the PEI detection performance can be greatly improved. 
[bookmark: _Toc11932][bookmark: _Toc22067][bookmark: _Toc18164][bookmark: _Toc26120][bookmark: _Toc24494][bookmark: _Toc11682][bookmark: _Toc20726][bookmark: _Toc23139][bookmark: _Toc30665][bookmark: _Toc3967][bookmark: _Toc12334][bookmark: _Toc28703]Both PDCCH-based PEI and SSS-based PEI are verified to satisfy the mandatory joint MDR performance criterion. When the information bits of the PDCCH-based PEI are reduced, the MDR performance of PDCCH-based PEI is further improved with ML decoding. 
What’s more, compared with SSS-based PEI, PDCCH-based PEI has higher flexibility due to the configurable aggregation level. For the UE with reduced receiving antenna, it can obtain better detection performance with PDCCH based PEI with higher aggregation level. While SSS-based PEI cannot flexibly adjust its resource occupation to ensure the detection performance for the UE with reduced receiving antenna. 
[bookmark: _Toc26572][bookmark: _Toc32668]PDCCH-based PEI has better link adaption compared with SSS-based PEI.

· Coexistence
For PDCCH-based PEI, it can dynamically coexist with legacy PDSCH scheduled by non-fall back DCI per mandatory UE capability. And it can also dynamically share resource with legacy PDCCH within CORESET at a finer granularity, which has less impact on PDCCH blocking.
[bookmark: _Toc8478]However, according to the RAN1 discussion, dynamic resource sharing between PDSCH and SSS-like PEI is implemented by configuring a dedicated CORESET emulating the SSS-based PEI. However, supporting more than 2 CORESETs is an optional UE capability according to TS 38.306. 
What’s more, if the resource of SSS-based PEI overlaps with an interleaved CORESET, only CORESET-level resource sharing can be achieved, which implies that only one of the SSS-based PEI and legacy PDCCH can be transmitted. It will increase the PDCCH blocking rate if SSS-based PEI is prioritized or increase the paging latency if legacy PDCCH is prioritized.
For the coexistence of SSS-based PEI and SSB, there is no definition of coexistence between sequence-based PEI and SSB.
[bookmark: _Toc13631]PDCCH-based PEI has better coexistence performance with legacy PDSCH, PDCCH, and other reference signals.
In addition, if the SSS-based PEI is transmitted in the same frequency band as the SSS in SSB, the PEI may be falsely taken as an SSS by other UEs, which will impact the initial access procedure and neighbor cell measurement of legacy UEs. Hence, how to ensure that the functionality of existing SSS is not affected by the SSS-like PEI is a problem that cannot be ignored. 
[bookmark: _Toc3676][bookmark: _Toc32048]SSS-based PEI may impact the initial access procedure and neighbour cell measurement of legacy UEs. 

· Resource overhead
According to the analysis above, due to the co-existence issue of SSS-based PEI, network may need to always reserve the resources for SSS-based PEI via semi-static rate matching. Hence, the resources of SSS-based PEI will be always occupied. 
Besides, to carry other information, such as sub-grouping, multiple POs, TRS availability indication (WA), the design of PEI should be considered. If CDM-ed PEI is used, the performance of SSS-based PEI will be deteriorated with the increased blind detection. Therefore, the TDMed/FDMed SSS-based PEI can be used, which will further increase the resource overhead. 
PDCCH-based PEI can coexist with legacy signals/channels dynamically and has more bits to carry information, therefore, PDCCH-based PEI has less resource overhead.
[bookmark: _Toc12144][bookmark: _Toc31189]PDCCH-based PEI has less resource overhead.

· Workload
For PDCCH-based PEI, a DCI format similar to DCI format 2-6 can be considered. Regarding the design of search space set and CORESET, the resources of legacy DCI format can be reused. 
While for SSS-based PEI, the PEI needs two or more symbols to fulfil the performance requirement. Compared with the legacy SSS mapping, new pattern is needed. Moreover, a careful design of sequence generation and resource mapping for SSS-like PEI is needed to avoid impact on initial access, RRM measurement, and neighbour cell interference. It is clear that the workload of the design of SSS-based PEI is much heavier. 
What’s more, sub-grouping is an important power saving scheme for idle/inactive UE which can be used to reduce the paging false alarming rate. According to the previous agreements, the maximum number of subgroups per PO is 8. According to the above analysis, it is clear that the sub-grouping should be carried by PEI. For PDCCH-based PEI, it is straightforward to carry sub-group information via the DCI bits, which has been agreed in RAN1-#105. 
	Agreement in RAN1#105:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
1. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs




However, for SSS-like PEI, how to carry sub-grouping information is FFS, more workload is required.
Therefore, compared with SSS-based PEI, PDCCH-based PEI requires less standardization workload. Note the workload is an important aspect considering there are only two RAN1 meetings left.
[bookmark: _Toc27048][bookmark: _Toc27913]PDCCH-based PEI requires less standardization workload.
Based on the above analysis, PDCCH-based PEI has more advantages than SSS-based PEI in all aspects, so PDCCH-based PEI should be supported.
[bookmark: _Toc6127][bookmark: _Toc17153][bookmark: _Toc23246]Adopt PDCCH-based PEI in Rel-17 UE power saving enhancement.
TU for RAN3
In addition, there is an LS from RAN3 to request the TU for discussion sub-grouping, the details can be seen as below [7]:
	RAN3 has discussed at RAN3#113 meeting the potential impacts of the ongoing work item on UE Power Saving Enhancements. 

RAN3 identified that the following objective of the work item would impact the following RAN3 specifications TS 38.413, TS 38.423, TS 38.473 and involves discussions on handling several RAN3 procedures for RAN/CN and gNB-CU/gNB-DU coordination.

2) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
RAN3 would like to kindly request RAN to update the work item and allocate to RAN3 proper TU(s) for RAN3 to complete the work on UE Power Saving Enhancements, taking into account the schedule capacity of RAN3 in the remaining meetings of Rel-17.



Considering power saving gain of the sub-grouping paging can be maximized when cooperating with the PEI, if proposal 2 is agreed, we suggest to update the WID to allocate RAN3 TU for the work on paging sub-grouping.
[bookmark: _Toc28720]Update the WID to allocate proper TU(s) to RAN3 for paging sub-grouping conveyed by PDCCH based PEI
Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1: Based on the comparison of idle-mode power consumption between NR and LTE, it is necessary to enhance paging reception for idle/inactive mode UE power saving in NR.
Observation 2: It has been agreed in RAN1 to introduce PEI and paging sub-grouping for paging enhancement. If PEI is not introduced, RAN1 agreements will be reverted.
Observation 3: Without PEI, the power saving gain of paging sub-grouping only is marginal.
Observation 4: The power saving gain of PDCCH-based PEI and SSS-based PEI is the comparable.
Observation 5: Both PDCCH-based PEI and SSS-based PEI are verified to satisfy the mandatory joint MDR performance criterion. When the information bits of the DCI based PEI are reduced, the MDR performance of DCI based PEI is further improved with ML decoding.
Observation 6: PDCCH-based PEI has better link adaption compared with SSS-based PEI.
Observation 7: PDCCH-based PEI has better coexistence performance with legacy PDSCH, PDCCH, and other reference signals.
Observation 8: SSS-based PEI may impact the initial access procedure and neighbour cell measurement of legacy UEs.
Observation 9: PDCCH-based PEI has less resource overhead.
Observation 10: PDCCH-based PEI requires less standardization workload.

Proposal 1: Based on power saving gain and RAN1 agreements, the introduction of PEI is necessary.
Proposal 2: Adopt PDCCH-based PEI in Rel-17 UE power saving enhancement.
Proposal 3: Update the WID to allocate proper TU(s) to RAN3 for paging sub-grouping conveyed by PDCCH based PEI
[bookmark: _GoBack]
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