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1 Introduction

In RAN1 #104-e meeting, some agreements of paging enhancements for R17 power saving are as following,

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 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:

a. Assumption of Behv-A/B
b. Required #REs from performance evaluations 

c. 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)

d. Whether and how coexistence with legacy UEs is considered 
e. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered

f. 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 RAN1 #10b4-e meeting, three observations are made in [1]:
Agreement:

Observation 1a:

For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
a) 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.

b) For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1

· For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  

· 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  

· For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability

· 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

The other two obsverations can be seen in [1] as well. 

In this contribution, we discuss on PEI design, subgrouping and cross slot based power saving scheme.  
2 Discussion
2.1 Power saving gain analysis for PEI
It was discussed and agreed in last meeting that the power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB. And as we have discussed in the email thread in last meeting, for DCI-based PEI, why it can save so much power mostly relies on the fact that PDCCH channel has lower synchronization requirement than PDSCH. Referred to [1], PDCCH requires 0.5ppm residual frequency error before the reception of PDCCH while PDSCH requires about 0.2ppm, which means under the same SINR, UE needs less number of SSBs to do synchronization for PDCCH decoding than for PDSCH decoding. For example, 3 SSBs are needed for PDSCH while only 1 SSB is needed for PDCCH, so that power consumption of monitoring 2 SSBs and the light sleep mode in between can be saved. 
For sequence-based PEI, the same reason for power saving exists, since sequence has less requirement on synchronization and even the sequence itself can has partial synchronization function, so when under the same SINR, UE needs less number of SSBs to do synchronization for sequence detection than for PDSCH decoding. For example, 3 SSBs are needed for PDSCH while only 1 SSB is needed for sequence detection, so that power consumption of monitoring 2 SSBs and the light sleep mode in between can be saved.
And considering the relative power consumption of PDCCH decoding and SSB/CSI-RS process are the same in our agreed power consumption model, it can be concluded that the DCI-based PEI and sequence-based PEI has similar power saving gain when the two forms of PEI have similar relative locations to the target PO. And this qualitative conclusion can be aligned with quantitative calculation results in [2]. And the ratio of power saving gain depends largely on the difference between the number of SSB needed for paging PDSCH decoding and the number of the number of SSB needed for PEI decoding(for DCI-based)/detection(for sequence-based).  
Observation 1: DCI-based PEI and sequence-based PEI has similar power saving gain when the two forms of PEI have similar relative locations to the target PO.
2.2 System impacts analysis for PEI
Several benefits of DCI-based PEI can be listed. An obvious one is, DCI-based indication can carry more information than sequence-based indication, since typically only very limited number of information can be carried in a sequence by shifting cyclic shift/ root sequence index/ time-frequency resources, while 2N kinds of information can be carried in DCI-based indication with N bit. And within DCI-based PEI, some other assisted information, such as subgrouping indication/ TRS/CSI-RS for idle UE indication/ paging type (such as RAN paging, CN paging) can also be easily conveyed. 

Observation 2: Compared to sequence-based PEI, DCI-based PEI can carry more information such as subgrouping indication/ TRS/CSI-RS for idle UE indication/ paging type.
And DCI-based PEI can reuse legacy DCI format and DCI monitoring mechanism, thus has much less impacts on current specification and also means much less work load on standardization than sequence-based PEI. For example, legacy DCI 1-0/2-6 can be considered for carrying PEI and legacy PDCCH search space/CORESET configuration can also be applied. Meanwhile, by using DCI-based PEI, gNB can flexibly select a suitable aggregation level to suit the channel condition/coverage requirement, for example, AL 16 for a large coverage requirement and AL 8 for a relatively smaller coverage. But sequence-based PEI can hardly provide such flexibility, since once designed/configured, for example, a 2-symbol TRS PEI, its coverage is fixed.

Observation 3: DCI-based PEI can reuse legacy DCI format and PDCCH search space/CORESET configuration while sequence-based PEI needs extra specification design.

Observation 4: DCI-based PEI can adjust its coverage flexibly by shifting AL while sequence-based PEI can hardly do.
To achieve required detection accuracy, sequence-based PEI may need to spread multiple PRBs in frequency domain, and TRS/CSI-RS may need even wider bandwidth than SSS, since the frequency density of TRS/CSI-RS is only 3RE/RB at maximum.  A wider frequency resource means the sequence-based PEI can easily encounter resource conflicting issue with legacy channels/signals. For SSS-based PEI, another shortcoming is that it may be considered as SSS for cell identification/synchronization by legacy UEs not supporting PEI function and cause disorder for legacy UEs. 
Observation 5: Sequence-based PEI, especially TRS/CSI-RS, can easily encounter resource conflicting issue with legacy channels/signals.

Observation 6: SSS-based PEI may be mistaken as SSS for cell identification/synchronization by legacy UEs. 
The observations agreed in last RAN1 meeting are similar as the above observations, so we think at least SSS-based PEI has more impact than the others from the coexistence with legacy PDSCH and UE aspects, and it carried the least information regardless of the Behv-A or B as in the second observation.
Proposal 1: Based on the above observations, DCI-based PEI and TRS/CSI-RS based PEI can be for further discussion based on each physical layer design details.
We prefer the DCI-based PEI and will have some detail solutions in the following chapters.
2.3 Resources to carry DCI-based PEI
Since PEI is for RRC-idle/inactive UE, it needs to be broadcasted and needs to be repeated by a beam sweeping way in a multi-beam deployment, so how to design the resources for PEI is very important to resource efficiency. For DCI-based PEI, it has to be transmitted within a broadcasted CORESET, it is possible to take advantage of the CORESET designed for paging DCI. For example, for a target UE group A, its DCI-based PEI corresponding to a certain PO of UE A can be transmitted within an earlier PO before the certain PO of UE A. Typically this earlier PO is a PO originally assigned for paging DCI of other UEs (denoted as UE group B) other than UE group A, but UE group A can still monitor this PO to get its own PEI.

A formula can illustrate the above more clearly. In current spec TS 38.304, UE determine its own PF/PO based on the following, 
PF index: (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

PO index: i_s = floor (UE_ID/N) mod Ns
By setting the monitoring frame for PEI by an integral number of PFs (denoted by L*(T div N) in the following) ahead of the PF for PO, we can find a paging occasion resource for PEI.
SFN index for PEI:  (SFN +L*(T div N)+ PF_offset) mod T = (T div N)*(UE_ID mod N)
PO index within the SFN for PEI:  i_s = floor (UE_ID/N) mod Ns
By such simple design, DCI-based PEI can reuse the CORESET for paging DCI, and the related spec impact/workload is quite small. 
Proposal 2: DCI-based PEI can be carried in paging search space.  For target UE group A’s PO for paging, its PEI can be located in another UE group B’s PO which is earlier in time domain.
2.4 Sub-grouping for paging
Four sub-grouping methods are proposed, legacy paging DCI, paging early indication, additional reception occasions in time/frequency domain, and multiple P-RNTIs. And we analyze each methods as follows,
1) Legacy paging DCI
There are several reserved bits in legacy paging DCI (DCI 1-0) that can be used to do sub-grouping for UE mapped in PO,
1, When the Short Message Indicator in DCI 1-0 shows there is no short message, but with paging message, all the 8 bit in Short Message field will be reserved.
2, No matter there is short message or not, the 4-8 bits of the 8bits of Short Message field are reserved. 
3, The last field (6 bits, or 8bits on unlicensed band) in DCI 1-0 is always reserved.

With N reserved bits, N sub-group can be classified in a PO thus can avoid some unnecessary paging PDSCH reception. And using reserved bits in legacy paging DCI has very little spec impact, legacy UE and new release DCI can still receiving the same paging DCI, and legacy UE can simply ignore the information in reserved bits. Method 1) also has the benefit of very limited spec impact.
2) Paging early indication
As discussed in above section 2.2, DCI-based PEI can be a good choice for carrying subgrouping information. And can save more power compared to methods 1), since sub-grouping in PEI can additionally has the benefit of avoiding unnecessary SSB reception and can indicate UE to fall into sleep before its PO comes. 
Grouping WUS mechanism in NB-IOT/MTC can be reused here. Multiple WUS Sequence are defined for multiple UE groups mapped in one PO and UE can only monitor its own WUS sequence to determine whether there is paging DCI  in the following PO. By this way, paging early indication and sub-grouping indication are combined to be one indication. But with multiple WUS sequence, more resources have to be consumed, and it has much more impact on current spec.  
3) Additional reception occasions in time/frequency domain
This is a very direct method by introducing more PO in a DRX paging cycle so that UE can be classified into more sub groups, thus reducing false alarm rate. However, a very obvious disadvantage is increasing PO in time/frequency domain is very resource consuming since it is transmitted in a beam sweeping way, and how to arrange the time/frequency resources for additional PO can be quite a lot of work.
4) Multiple P-RNTIs
Much more sub-groups can be classified than the above three methods since lots of un-used RNTI resources are available. But N different P-RNTI means if gNB needs to page UEs in N different sub-groups, gNB has to transmit N different paging DCIs for each sub-group separately, which is resource consuming and will also increase DCI blocking probability. Considering its benefit is only to avoid some unnecessary paging PDSCH reception, just the same as the method 1), we think multiple P-RNTIs method is an inferior one.
Proposal 3: Sub-grouping methods by 1) reserved bits in legacy paging DCI and 2) DCI-based PEI should be further studied. 
2.5 Cross-slot scheduling
From observations in last meeting, the power saving gain of cross slot scheduling with k0=1 compared to k0=0 is very small and even negligible. But when k0 is extended to k0=32, the power saving gain can be 6.3%. In fact, when k0 is big enough, such as k0=32 slot or even longer to the length of 2 or 3 SSB periodicity, the paging DCI itself can be regarded as PEI. UE can do a relatively coarse synchronization to decode this paging DCI, and then based on the information provided in this paging DCI, to decide whether to continue to do fine synchronization with the following 2/3 SSBs to receive paging PDSCH. So in this case, paging DCI has the exact function of PEI as we have discussed above.
However, this cross-slot scheduling with extended k0, which is not supported in current spec, would require some enhancements. One is the current default scheduling table for scheduling by DCI 1-0 in RRC idle state only support k0=0/1, so the table should be enhanced for extended k0. Another more troublesome one is, since legacy UE cannot support extended k0 cross-slot scheduling, the paging message for legacy UE and new release UE will have to be transmitted in two different PDSCHs corresponding to two k0 values, even if they can share one paging DCI in a PO. And considering the additional paging PDSCH is transmitted in a beam sweeping way, the resource overhead for this cross-slot scheduling is definitely much heavier than transiting a separate DCI-based PEI.

Proposal 4: Cross-slot scheduling with extended k0 is not supported.
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Observation 1: DCI-based PEI and sequence-based PEI has similar power saving gain when the two forms of PEI have similar relative locations to the target PO.
Observation 2: Compared to sequence-based PEI, DCI-based PEI can carry more information such as subgrouping indication/ TRS/CSI-RS for idle UE indication/ paging type.
Observation 3: DCI-based PEI can reuse legacy DCI format and PDCCH search space/CORESET configuration while sequence-based PEI needs extra specification design.

Observation 4: DCI-based PEI can adjust its coverage flexibly by shifting AL while sequence-based PEI can hardly do.
Observation 5: Sequence-based PEI, especially TRS/CSI-RS, can easily encounter resource conflicting issue with legacy channels/signals.

Observation 6: SSS-based PEI may be mistaken as SSS for cell identification/synchronization by legacy UEs. 
Proposal 1: Based on the above observations, DCI-based PEI and TRS/CSI-RS based PEI can be for further discussion based on each physical layer design details.
Proposal 2: DCI-based PEI can be carried in paging search space.  For target UE group A’s PO for paging, its PEI can be located in another UE group B’s PO which is earlier in time domain.
Proposal 3: Sub-grouping methods by 1) reserved bits in legacy paging DCI and 2) DCI-based PEI should be further studied. 

Proposal 4: Cross-slot scheduling with extended k0 is not supported. 
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