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1 Introduction 

Paging in multi-beam operation is agreed to supported in RAN1 and RAN2. There are several contributions discussed about the overhead of paging in multi-beam scenario. This contribution provides our views on overhead reduction for paging in multi-beam operation.  

2 Discussions

2.1 Signalling overhead for paging in multi-beam scenario
In the RAN1 #87 meeting, there were agreements on paging in multi-beam operation. Beam sweeping agreed to be supported for paging in multi-beam scenario. And in RAN2 ad hoc meeting, RAN2 also agrees that paging can be transmitted at least using beam sweeping. However, if whole paging record list as paging message is transmitted with beam sweeping, then the down-link radio resources are consumed excessively for paging. As shown in [1], the more paging record list to be paged to the UE, the more down-link radio resource overhead for NR. Therefore, it is necessary to use new paging mechanism in NR to mitigate this issue. 
Observation 1: Paging overhead issue in multi-beam need to be mitigated.

2.2 Response-trigger approaches

Several approaches based on response -trigger has been provides in several contributions. The main procedure can be captured in the figure 1 below [2].
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Figure 1:Paging Response-driven operation

Step 1: gNB sends DCI of paging message 

Similar in LTE, during UE’s Paging occasion, NR gNB sends DCI for paging message in beam sweep mode. The DCI schedule the resource for UE ‘s paging message in each down-link beams.
Step 2: gNB sends paging message to UEs

gNB sends paging message in the scheduled resource. The paging message is transmitted by beam sweeping or Quasi-omnidirectional way depends on RAN1’s progress.

The paging indication which may stand for each group of UE is transmitted in the Paging message.

 Step 3: UE begins response-driven operation

After receiving the paging indication, the group of UE shall trigger paging response -driven operation.

Based on different approaches , UE may carry UE ID in MSG1 or in MSG 3 and gNB may carry UE ID in MSG2.
2.2  Trigger mode paging approach  

Meanwhile, RAN1 got some progress on paging. The detail agreement is copied below for reference. In the RAN1 #87 meeting, there were agreements on paging in multi-beam operation During the RAN1 #88 meeting, some conclusions for paging design were agreed as shown below.
	Agreements-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

Agreements-2:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH 
· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 


The paging indication triggers UE beam reporting is also useful to reduce paging overhead in multi-beam scenario. The detail tiger mode  paging approach is captured in the figure 2 and corresponding description below. 
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Figure 2: Trigger mode paging procedure 

Step 1:gNB configure the PI with beam sweeping
In LTE, UE in IDLE mode periodically wakes up and monitors PDCCH at Paging Occasion (PO) in Paging Frame (PF) in order to check the presence of paging message. Similar as LTE, NR UE in IDLE mode wakes up to monitor Paging indicator in Paging Occasion. Based on the RAN1 ‘s agreement, the paging indicator can be carried in DCI or carried in non-scheduled physical channel. 

The paging indication may represent group of UE. The motivation of different paging indication is to reduce false alarm for UE. If UE find out paging indicator in the same paging group, the UE shall start response to the network. 
Step 2: UE responses to gNB in MSG1
UE begins paging trigger mode operation after the step1. In the operation, UE reuses MSG1to indicate gNB. With the uplink beam where UE response to the network, gNB is able to identify down link beam where the paging group is located. In order to help gNB isolates paging trigger mode MSG1 from normal random access MSG1, special preamble should be selected based on UE’s group and carried in the MSG1. The special preamble also help gNB to identify UE or UE group.  

If UE is not in the desired group , then the UE shall not send MSG1 to the gNB.

Step 3: gNB sends Paging DCI and Paging message to UEs
By information of special preamble and which beams UE remain , the gNB can selects right down-link beams to sends the Paging DCI and Paging message. If no response can be received in the uplink beams, then gNB would not send Paging message on those corresponding down-link  beams to the UE. In other words, gNB only sends Paging message in down-link beams with response UE.  In this way, paging overhead in multi-beam scenario can be alleviated. 

Observation 2: paging overhead in multi-beam scenario can be alleviated by paging trigger mode operation.
Trigger paging mode approach stems from RAN1’s progress. Although RAN1 has not decided to use Paging indication trigger yet, it also useful for RAN2 to consider this approach with compare to the response-driven approach. Otherwise, if the Paging indication trigger mode is accepted by RAN1 and response-driven approach is accepted by RAN2, then it seems duplication functions / procedures take place in NR for paging.  
Proposal 1:  RAN2 to consider Trigger paging mode approach in multiple beam operation.

3 Conclusion 

Based on all the analysis above, we give our proposals as:

Observation 1: Paging overhead issue in multi-beam need to be mitigated.
Observation 2: Paging overhead in multi-beam scenario can be alleviated by paging trigger mode operation.

Proposal 1:  RAN2 to consider Trigger paging mode approach in multiple beam operation.
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