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Introduction
In the RAN1 #88bis meeting, the following was agreed to on the topic of paging and SS periodicity design 
· The search space of NR-PDCCH addressing the paging message can be configured by gNB
· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages

· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms
· List potential issues that companies raised concerns on 160ms into LS.
· Prepared draft LS to RAN4 within Wednesday in R1-1706576 – Daewon (Intel) 

In RNA 1 #88 meeting, the following were agreed 
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:
· Alt-1: Multiplexing paging with SS blocks
· FFS: Details of paging 
· Alt-2: Adding another round of beam sweeping for paging 
· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set
· Other alternatives are not precluded
· Companies report their assumption for paging

In this contribution, we discussion design considerations for Paging burst set design for multi-beam transmission.
Discussion on Paging burst set support for multi-beams transmission
In LTE, the paging cycle, i.e., Paging Frame (PF) and Paging Occasion (PO) is designed to allow UE to know the exact timing when UE needs to wake up to receive the paging message addressed to it. In addition, the UE uses DRX parameters broadcasted in the system information SIB2 to derive the PF and PO information. 
In NR, multi-beams operation is supported to improve the coverage for > 6 GHz frequency band, however frequent beam sweeping bursts may cause system overhead and affect scheduling flexibility. 
Paging burst set design
When a UE wakes up from DRx in idle mode, it searches for NR-SS bursts for synchronization and paging bursts for possible paging message. Therefore NR-SS bursts and paging bursts may be considered together for reducing UE’s searching time and thus saving the battery life.
There are two possible schemes for the design of PO bursts relative to the NR-SS bursts: 
· PO burst set and NR-SS burst set are aligned in time for covering a sweeping area as shown in Figure 1 (a), e.g. PO burst set has the same time allocation as the NR-SS burst set.
· PO burst set and NR-SS burst set are not aligned in time for covering a sweeping area as shown in Figure 1 (b), e.g. PO burst set has different time allocation from the NR-SS burst set.




(a) PO burst set is aligned with NR-SS burst set 




(b) PO burst set is not aligned with NR-SS burst set
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Observation 1: If PO burst set is aligned with NR-SS burst set, then the PO burst set can be designed jointly with NR-SS burst set.  
Observation 2: If PO burst set is not aligned with NR-SS bursts set, then it requires an independent PO burst set design besides the NR-SS burst set. 
In order to save system overhead for PO burst set, the design option that PO block is multiplexed with SS block is preferred. 
Proposal 1: NR needs to consider NR-SS burst while design PO burst structure in order to reduce the total UE searching time and thus to save power. 

1.1. Paging block design when multiplexing with SS block 
In this section, we discuss two possible way to multiplex PO burst block  with SS burst block if a PO burst set is aligned with a NR-SS burst set as illustrated in Figure 1 (a). 
As shown in Figure 2 (a), the PO burst block may be multiplexed with the NR-SS burst block in a TDM manner. In this case, the composition of NR-SS burst set may need to consider PO burst set design, e.g., time allocation in symbols within a subframe, numerology, DMRS and bandwidth, etc. 
Similarly, the PO burst block may also be multiplexed with the NR-SS burst block in a FDM manner as shown in Figure 2 (b). In this case, PO burst blocks need to be aligned with NR-SS burst  blocks in the symbols which contains NR-PSS, NR-SSS, NR-PBCH.  In this approach, the NR-SS burst set composition may have more impact on the PO burst set design.       




(a) Paging burst block is TDMed with NR-SS burst block





(b) Paging burst block is FDMed with NR-SS burst block
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Observation 3: Whether the PO burst block is TDMed or FDMed with NR-SS burst block, the PO burst block design is impacted by NR-SS burst set structure in terms of NR-PSS, NR-SSS and NR-PBCH placement in symbols. 
Proposal 2: The detailed design of PO burst block TDMed or FDMed with NR-SS burst block needs to be further studied.  

Conclusion 
In this contribution, we discussed several design options for paging burst set design consideration , which may be summarized as the following observations and proposals.
Observation 1: If PO burst set is aligned with NR-SS burst set, then the PO burst set can be designed jointly with NR-SS burst set.  
Observation 2: If PO burst set is not aligned with NR-SS bursts set, then it requires an independent PO burst set design besides the NR-SS burst set. 
Proposal 1: NR needs to consider NR-SS burst while design PO burst structure in order to reduce the total UE searching time and thus to save power. 
Observation 3: Whether the PO burst block is TDMed or FDMed with NR-SS burst block, the PO burst block design is impacted by NR-SS burst set structure in terms of NR-PSS, NR-SSS and NR-PBCH placement in symbols 
Proposal 2: The detailed design of PO burst block TDMed or FDMed with NR-SS burst block needs to be further studied.
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