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1. Introduction

At the RAN1#87 meeting and January RAN1 NR-adhoc meeting, paging design for NR was discussed and RAN1 made following agreements [1-4].
	Agreements (RAN1#87):
· 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 (RAN1 NR Ad-Hoc):
· 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



As argued in [2], in order to find UEs in IDLE or inactive states, beam sweeping is necessary for paging transmission since network would not be aware of appropriate Tx beam for each UE in IDLE/inactive states. In such case, we think that there are following possible problems on paging procedure in multi-beam based operation.
· If UE in IDLE or inactive state is not aware of the paging resource location which is transmitted by appropriate Tx beam for the UE, UE would need to keep waking up during the beam sweeping transmission of paging message or signaling and it would consume battery.
· Paging transmission overhead would be increased due to beam sweeping transmission, i.e., paging transmission on some beams will not reach the target UE.
In this contribution, we discuss further on paging design for NR, especially considering above possible problems in multi-beam based operation. In addition, we also discuss on channel design for paging.
2. Discussion on paging design for NR multi-beam based operation
2.1. Paging design in LTE
Paging design in LTE is as follows.

· 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.
· PO is a subframe which may carry PDCCH addressing the paging message.

· PF is a radio frame which may contain one or multiple PO.

· PO and PF are derived by UEID and NW configuration (DRX cycle and parameter nB).

· UE in IDLE mode wakes up once every {32, 64, 128, 256} radio frames.

· From NW perspective, different UEs can be distributed in different PO and PF.
· An example configuration of paging in LTE is shown in Figure 1.
· PDCCH scrambled by P-RNTI in C-SS is used for scheduling paging message.
· The same paging message is sent by all eNBs in a tracking area.
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Figure.1: Example configuration of paging in LTE

2.2. Paging design for NR
As well as in LTE, paging mechanism in NR system is necessary to allow UE to camp on the NR cell. In case of single-beam based operation, LTE paging mechanism can be considered as baseline. On the other hand, in case of multi-beam based operation, beam sweeping is necessary for paging transmission since network would not be aware of appropriate Tx beam for each UE in IDLE/inactive states. As described in Section 1, we think there are following possible problems on paging procedure in multi-beam based operation.
· If UE in IDLE or inactive state is not aware of the paging resource location which is transmitted by appropriate Tx beam for the UE, UE would need to keep waking up during the beam sweeping transmission of paging message or signaling and it would consume battery.
· Paging transmission overhead would be increased due to beam sweeping transmission, i.e., paging transmission on some beams will not reach the target UE.

Figure 2 shows an example of paging transmission design for multi-beam based operation. In this example, UE needs to keep waking up to monitor paging message during four slots/subframes with same color even though actually UE may be able to receive the paging message in only one slot/subframe transmitted by appropriate TRP Tx beam for the UE. So from NW perspective, paging transmission overhead is increased four times compared with that in case of the single-beam based operation.
Observation 1: There are following possible issues on paging procedure in multi-beam based operation.
· Increase of UE power consumption

· Increase of paging transmission overhead
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Figure.2: Possible paging transmission design for multi-beam based operation
Here we propose and discuss on possible solutions to relax above issues in multi-beam based operation.

For UE battery saving, it would be beneficial if UE can focus on specific paging timing corresponding to appropriate TRP Tx beam for the UE. Since UE in IDLE mode would monitor SS blocks for synchronization and cell reselection, it would be possible for UE in IDLE mode to identify appropriate TRP Tx beam based on detected SS block(s). Hence, association between detected SS block and control resource set for UE-group common NR-PDCCH which schedules paging message or resource for paging message itself can be used. As described in Section 1, RAN1 agreed to study two alternative methods for paging transmission with beam sweeping. In both methods, such association can help UE to focus on specific paging timing corresponding to detected SS block(s). If paging message or paging indication is multiplexed with SS block e.g., on the same symbol or within the same slot/subframe, the association can be identified by the UE implicitly. 
Proposal 1: Association between SS block and resource for C-SS scheduling paging message or for paging message itself should be defined so that UE in IDLE mode can focus on specific paging timing based on detected SS block(s) to save the battery.

For paging overhead reduction, following possible approaches can be considered.
· Paging transmission with beam sweeping on discontinuous resources as shown in Figure 3 can be considered. In this approach, if all target UEs for the paging message respond to the early paging message, e.g., on beam #0, following paging transmissions e.g., on beam #1-#3 can be cancelled and hence the paging transmission overhead can be reduced in some cases.
· UE feedback about detected TRP/beam during IDLE mode can also be considered. If NW can identify rough beam/TRP association with UE in IDLE mode, paging transmission for the UE can be performed only on specific resource(s) corresponding to the beam/TRP association and hence the paging transmission overhead can be significantly reduced. Efficient feedback mechanism for UE in IDLE mode, e.g., by using RACH preamble transmission, should be considered for this approach.
Proposal 2: Following mechanisms for paging overhead reduction in multi-beam based operation should be further studied.
· Paging transmission with beam sweeping on discontinuous resources

· UE feedback about detected TRP/beam during IDLE mode
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Figure.3: Paging transmission with beam sweeping on discontinuous resources
3. Discussion on channel design for paging in NR
Regarding the definitions of paging occasion (PO) and paging periodicity, we have following views.
· As in LTE, PO should be defined as resource(s) that UE needs to monitor for paging, and paging periodicity needs to be provided by network as periodicity for monitoring paging. Assuming that basically network is not aware of appropriate Tx beam for IDLE UE, PO will consist of multiple resources for beam sweep transmission of paging in case of multi-beam based operation. In addition, as in LTE, flexibility on paging periodicity and number of paging occasions within a paging periodicity should be supported.
· Multiplexing of paging indication and/or message within SS block has been discussed in RAN1. As argued in Section 2.2, we think identification of association between SS block and paging indication or paging message is beneficial for UE. Therefore, irrespective of multiplexing with SS block, we think paging periodicity can be same or multiple of SS burst set periodicity so that association between SS block and paging is well utilized.
Regarding channel design for paging in NR, similar to system information transmission discussed in our companion contribution [5], basically we prefer option 1(Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH). Paging message size varies and paging message resource configuration may need to be changed dynamically e.g., according to the presence of URLLC traffic. In addition, option 4(Paging message (e.g., only for SI change indication) is transmitted over NR-PDCCH without NR-PDSCH) may also be beneficial since paging message size for SI change indication is quite small.

Proposal 3: Paging occasion should be defined as resource(s) that UE needs to monitor for paging. 

· In case of multi-beam based operation, NW will configure PO which consists of multiple resources for beam sweeping.

· As in LTE, flexibility on paging periodicity and number of paging occasions within a paging periodicity should be supported.
Proposal 4: Following paging channel design should be considered as baseline.

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH.
4. Conclusion 

In this contribution, we discussed on paging design for NR, especially on possible problems in multi-beam based operation and channel design for paging. We made the following observations and proposals. 

Observation 1: There are following possible issues on paging procedure in multi-beam based operation.

· Increase of UE power consumption

· Increase of paging transmission overhead

Proposal 1: Association between SS block and resource for C-SS scheduling paging message or for paging message itself should be defined so that UE in IDLE mode can focus on specific paging timing based on detected SS block(s) to save the battery.

Proposal 2: Following mechanisms for paging overhead reduction in multi-beam based operation should be further studied.

· Paging transmission with beam sweeping on discontinuous resources

· UE feedback about detected TRP/beam during IDLE mode
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