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Introduction
At the RAN1 #87 meeting, the following was agreed to on the topic of paging design[1].
· 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
At the RAN1 AH NR #1 meeting, the following was agreed on paging design[2].
· Companies are encouraged to compare the following options for channel design for paging, taking the necessity of beam sweeping into consideration
· Opt-1: Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH
· Opt-2: Paging message is transmitted in a non-scheduled physical channel 
· Where the paging indication may be carried by NR-PBCH or some other channel(s)
· Opt-3: Paging message is transmitted over PCH carried by NR-PDSCH without DCI. The resource is semi-statically configured
· Opt-4: Paging message (e.g., only for SI change indication) is transmitted over NR-PDCCH without NR-PDSCH
· Opt-5: Paging message is transmitted by PDSCH and paging indication is transmitted non-scheduled physical channel
· Companies are encouraged to provide their views on 
· Definitions of paging occasion and paging periodicity
· Content and payload of paging message
· RAN1 sends a LS to RAN2, asking about
· Paging payload and capacity requirement
In this contribution, we discuss paging design for NR with the above alternatives (i.e. Alt-1 & Alt-2) and options (i.e. Opt-1~5).

Paging Design for NR
[bookmark: _Ref471386577]The design on paging could be different for different purpose, e.g. paging on a coming call, SIB update, or warning message, which may require different latency for paging and different payload for paging messages. 
In LTE, paging is designed along with the DRx cycle; in NR, a cell may contain multiple TRPs which may transmit with multiple beams for service coverage. Therefore it needs to be considered for a NR system how to design the paging channel with both UE’s DRx cycle and TRP’s beam sweeping in considerations.
Paging Burst and Paging Occasion
At IDLE or INACTIVE mode, a UE waking up after DRx sleep mode for a relatively long time may not retain the beam pairs with the NR network and be forced to resync with the NR-PSS/NR-SSS before receiving the paging channel. Therefore, paging burst integrated within the SS burst is an efficient choice to reduce the overhead that a UE detects the beams for SS and paging and the overhead that the network sweeps beams for SS and paging, as shown in Figure 1(a) as Alt-1. 
In general, the SS burst period may vary based on the cell search or initial access latency, mobility management, network resource utilization, etc. However, the paging burst period may mainly depends on UEs’ DRx cycle for saving battery power, the quantity of paging messages to be delivered to UEs in the paging area, etc. Therefore, different paging burst separated from the SS burst may also be needed, as shown in Figure 1(b) as Alt-2. 


(a) Paging within SS Bursts


(b) Paging Bursts with Beam Sweeping
[bookmark: _Ref474185861]Figure 1 Examples of Paging Bursts
Proposal 1: Both Alt-1 and Alt-2 for paging burst should be studied for NR.
As shown in Figure 1, the paging sweeping may be constructed in multiple ways based on the paging latency requirement, UE DRx cycle, number of paging messages and the variable size of paging payloads, system resource allocation for paging, etc. Therefore the paging occasion may be designed with these in considerations. Figure 2 shows examples of paging occasion relative to the SS bursts with Alt-1 scenario.


[bookmark: _Ref474187525]Figure 2 Examples of Paging Occasion
At CONNECTED mode, a UE maintains the beam pairs with the NR network and needs to check the DL NR-PDCCH as directed by the NR network. Therefore, paging burst integrated within the NR-PDCCH/NR-PDSCH is more efficient comparing with the paging within the SS burst. In this case, the paging occasion may be based on the UE’s DRx in CONNECTED mode, similar to LTE.
Proposal 2: RAN1 needs to study paging occasion design options for different paging burst structure.
Paging Indication
As mentioned in section 1, RAN1 agreed on Opt-1 ~ Opt-5 for paging indication and we would like to discuss some of the options for paging indication.
· In the case of Opt-2: paging indication may be carried by NR-PBCH.
· If paging indication is carried by NR-PBCH, such indication may address all UEs or likely a very large group of UEs. However, only a limited number of paging records can practically be included in a paging occasion to a small number of UEs. In such case, many UEs will unnecessarily attempt to read the paging records in a paging occasion. 
· In the case of Option 3: paging message is transmitted over NR-PDSCH semi-statically configured.
· The semi-statically configured resources may be UE specific or specific to a group of UEs.
· In the case of Option 5: paging message is transmitted by PDSCH and paging indication is transmitted non-scheduled physical channel.
· Paging indication as oppose to be on PDCCH will be on non-scheduled channel. The non-schedule channel may be physical broadcast channel or physical multicast channel. 
Proposal 3: RAN1 needs to further study paging indication with different implementations.

Conclusion
In this contribution, we discussed design considerations for paging burst and paging occasion, as well as some of the paging indication options. We propose the following.
Proposal 1: Both Alt-1 and Alt-2 for paging burst should be studied for NR.
Proposal 2: RAN1 needs to study paging occasion design options for different paging burst structure.
Proposal 3: RAN1 needs to further study paging indication with different implementations.
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(a) Multiplexing of SS Blocks and Paging Blocks with Burst Period
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