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1 Introduction

In RP #93 e-meeting, agreements for PEI in R17 power saving is,

Support PDCCH-based PEI as the only option

            •      Only essential function for PEI is support

            •      New DCI format

            •      Higher layer configuration, including SS

            •      Details of the procedures of PEI monitoring, and identification of MOs before PO

            •      Only Behv-A (per RAN1#104e agreement) is supported

            •      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats

            •      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 

In this contribution, we discuss details on PEI and cross slot based power saving scheme.  
2 Discussion
2.1 Search space configuration for 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, two alternatives can be considered,

Alt 1, reuse legacy CSS existing in RRC idle mode (Type #0/0-A/1/2 CSS).
Alt 2, define a new Type #X CSS to transmit PEI.
Alt 1 is a very direct and simple way to transmit PEI. Since legacy Type #0/0-A/1/2 CSS is already well defined, we don’t need even bother to tackle conflicting issue between PEI and other legacy channels. Alt 2 need extra design and also extra resource overhead but brings unclear benefit. So very obviously, Alt 1 should be supported.
And since PEI is an enhancement feature for paging, it is more suitable to let PEI transmitted in paging search space. 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 1: Paging search space should be reused to transmit PEI.
2.2 Content in PEI
A new DCI format will be used to transmit PEI, and as to the content of PEI, obviously subgrouping wake up information is essential. Previously it was agreed that maximum of 8 subgroups per PO is supported, so 8 bit of wake up information per PO, each corresponding to one subgroup should be contained in PEI. And if  a PEI can corresponds to multiple POs， denoted as M, then 8*M bits subgrouping information should be included. 
Proposal 2: If a PEI can corresponds to M POs, then 8*M bits subgrouping information, each 8 bits corresponding to one PO should be contained in PEI. 
Another noteworthy issue is, for each the 8 bit of wake up information per PO, what exactly does “wake up” means? From our understanding, it can mean two different cases,
Case 1, only paging message is expected

Case 2, short message and/or paging are expected

If case 1 is selected, gNB will not wake up UE if there is only short message (without paging) to be transmitted. Then there should be other ways to inform UE whether there is short message or not. Possible solutions would be adding short message (systemInfoModification and etwsAndCmasIndication, 2 bits) directly in PEI. Or, if PEI is transmitted in paging search space, UE can directly try to decode the paging DCI in the same PO carrying PEI, to get the short messages in the paging DCI. However, this may have a little change on UE behaviour since UE will try to decode paging DCI in a PO which is not its own corresponding PO. But the benefit is also clear, no additional short message bits need to be added in PEI. And since UE is already waking up to monitor and decoding PEI, it won’t cost UE much extra effort to decode paging DCI located in the same PO.
In case 1, with the solutions to inform short message, UE can acquire short message at the same time when it monitors PEI, and does not need to wake up to monitor paging DCI in its own corresponding PO if only short message is expected.
If case 2 is adopted, PEI will alert the UE to wake up to monitor paging DCI in its own PO, no matter it is because of short message or paging message or both. And if only short message is expected, besides waking up during the monitoring occasion of PEI, UE has to also wake up during the monitoring occasion of paging DCI, which is not power saving compared to case 1.
Proposal 3: PEI will alert the UE to wake up only when paging message is expected. Solutions to inform short messages in PEI monitoring occasion can be studied.
2.3 Cross-slot scheduling
From observations previous meetings, 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: Not to support cross-slot scheduling with extended k0.
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Proposal 1: Paging search space should be reused to transmit PEI.
Proposal 2: If a PEI can corresponds to M POs, then 8*M bits subgrouping information, each 8 bits corresponding to one PO should be contained in PEI.

Proposal 3: PEI will alert the UE to wake up only when paging message is expected. Solutions to inform short messages in PEI monitoring occasion can be studied.
Proposal 4: Not to support cross-slot scheduling with extended k0.
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