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1 Introduction

In R1 #102 e-meeting, some agreements for R17 power saving is,

Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:

· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 

· DCI-based indication, e.g., based on 

· Extending existing DCI format 1_0 or 2_6 

· New DCI format

· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS

· Sub-grouping for paging, based on 

· Legacy paging DCI

· Paging early indication

· Additional reception occasions in time/frequency domain

· Multiple P-RNTIs

· Cross-slot scheduling for paging PDSCH

· Other proposal is not precluded

In this contribution, we proposed another paging enhancement scheme to reduce paging search space and analyze the above candidate schemes.  
2 Discussion
2.1 Reducing paging search space
When paging search space is reusing the search space of RMSI(search space #0) and SSB/CORESET#0 multiplexing is pattern #0, paging search space is Type #0 PDCCH CSS, which is over two consecutive slots. That means a UE monitoring the PO should monitor two PDCCH monitoring occasions on two consecutive slots. If it can be restricted that paging search space is only in certain one slot among the two, paging reception can be reduced at UE side, to be more clear, if an idle UE is expecting a paging DCI, if it knows which slot its paging DCI is carried in, the UE can avoid to receive/buffer the PDCCH channel on the other slot. 
Observation 1: When SSB/CORESET#0 multiplexing is pattern #0, paging search space is Type #0 PDCCH CSS, which is over two consecutive slots, restrict paging search space to be in only certain one slot can reduce paging reception.
And then we can analyze the impact of the above paging search space reducing scheme on scheduling flexibility. We see that Type #0 PDCCH CSS can be used for schedule the DCIs for SIB1/OSI/RAR/paging, since those DCIs are basically broadcasted, they will have similar or even the same aggregation level. With that assumption, our understanding is that the following two cases won’t have different DCI blocking probabilities,

Case 1, to restrict paging DCI in certain one slot, and the other DCIs(for SIB1/OSI/RAR ) can choose either slot.

Case 2, to put the all the DCIs on either slot.
Observation 2: paging search space reducing scheme won’t cause impact on DCI blocking probabilities on Type #0 PDCCH CSS.
Proposal 1: Paging search space reducing scheme should be further studied.
2.2 Paging early indication
From last meeting discussion, we can see that the reason for introducing paging early indication, is that,

1) it can avoid unnecessary paging DCI reception, and more importantly

2) it can avoid unnecessary multiple SSB monitoring for AGC and time/frequency tracking before the PO.   
In R1 #102 e-meeting, two type of paging early indication methods are agreed, they are DCI-based indication and RS-based or sequence-based indication.
It has been proposed that, DCI-based indication can carry more information than sequence-based indication, and can also reuse legacy DCI format and DCI monitoring mechanism, thus has much less impacts/work load on spec than  sequence-based indication. We agree with the above views, but still have one doubt of the underlying assumption for DCI-based indication. From the contribution in last meeting, a typical use case for DCI-based indication is as Fig.1. Assuming UE need to wake up and monitor 3 SSBs to do synchronization before the PO to receive paging DCI. If UE detect a DCI indicate that there no paging message for itself, then the UE can stop monitoring the next two SSB 2/3 and the PO, so the UE can save power. But from our view, this use case is based on an unreasonable assumption, that is, UE can  achieve synchronization and successfully detect a DCI-based paging early indication by only monitoring 1 SSB but has to monitor 3 SSBs to achieve synchronization so as to detect paging DCI. A reasonable assumption is, if UE has to monitor N SSBs for AGC and time/frequency tracking before the PO, then UE also need to monitor N SSBs for AGC and time/frequency tracking before the DCI-based paging early indication, as shown in Fig.2. And if this assumption, which we think is reasonable, is adopted, DCI-based indication won’t be able to save power at all, since no matter how, UE has to monitor N SSBs. And when there is paging DCI in the PO, it even cause more power consumption because UE has to monitor more SSBs for both the DCI-based paging early indication and paging DCI.
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Fig.1 Usecase for paging early indication (with unreasonable assumption)
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Fig.2 Synchronization for DCI-based early indication
Observation 3: DCI-based indication won’t be able to save power at all with the assumption that if UE has to monitor N SSBs for AGC and time/frequency tracking before the PO, then UE also need to monitor N SSBs for AGC and time/frequency tracking before the DCI-based paging early indication.
For RS-based or sequence-based paging early indication, its receiving has much lower synchronization requirement than DCI. If UE has to monitor N SSBs for AGC and time/frequency tracking before the PO, then UE may need to only monitor M SSBs for AGC and time/frequency tracking before the RS-based or sequence-based paging early indication, where M <N and can even be 0.
Based on above analysis, we think the power saving effect of DCI-based indication should be reconsidered with a more reasonable assumption, and we prefer RS-based or sequence-based paging early indication method.

 Proposal 2: Power saving effect of DCI-based indication should be reconsidered with a more reasonable assumption, and RS-based or sequence-based paging early indication method is preferred.
2.3 Sub-grouping for paging
From last meeting discussion, four sub-grouping methods are proposed, legacy paging DCI, paging early indication, additional reception occasions in time/frequency domain, 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.

2) Paging early indication
As discussed in above section 2.2, DCI-based PEI is not a good choice and should be exclude from the discussion here. RS-based or sequence-based PEI can be further considered for sub-grouping. Compared to method 1), sub-grouping in PEI can additionally has the benefit of avoiding unnecessary SSB reception thus saving more power than method 1).

If sub-grouping function is to be introduced, the 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) RS-based or sequence-based paging early indication should be further studied. 
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Observation 1: When SSB/CORESET#0 multiplexing is pattern #0, paging search space is Type #0 PDCCH CSS, which is over two consecutive slots, restrict paging search space to be in only certain one slot can reduce paging reception.

Observation 2: paging search space reducing scheme won’t cause impact on DCI blocking probabilities on Type #0 PDCCH CSS.
Proposal 1: Paging search space reducing scheme should be further studied.
Observation 3: DCI-based indication won’t be able to save power at all with the assumption that if UE has to monitor N SSBs for AGC and time/frequency tracking before the PO, then UE also need to monitor N SSBs for AGC and time/frequency tracking before the DCI-based paging early indication.

Proposal 2: Power saving effect of DCI-based indication should be reconsidered with a more reasonable assumption, and RS-based or sequence-based paging early indication method is preferred.

Proposal 3: Sub-grouping methods by 1) reserved bits in legacy paging DCI and 2) RS-based or sequence-based paging early indication should be further studied. 
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