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Introduction
[bookmark: _Ref129681832]In RAN1#87 & NR Ad Hoc & #88 meeting, the following were agreed [1][2][3]：
· 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
· 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 
· 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 provide our views on paging design for NR, targeting at but not limited to multi-beam operation.
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Paging periodicity and occasion
With multi-beam operation, for UEs in idle mode the stored beam pair links may be out-dated and no longer optimal. Without requiring beam reporting to update/establish beam pair links, gNB TX beam sweeping is needed for paging, with all beams used for SS burst set, targeting to cover the whole NR cell. For this reason, if the remaining resources beside the SS blocks are sufficient, Alt-1 captured in the agreements, i.e., multiplexing paging with SS blocks, appears to be the most promising approach for transmitting paging, which is addressed to the whole cell. This can save the overhead of another round of beam sweeping for paging. To facilitate this approach, the paging periodicity can be defined as an integer multiple of the periodicity of SS burst set. 
After wake-up from Idle mode, UE first acquires candidate beam pairs via listening to the periodic SS burst set. The amount of time UE needs to listen in advance depends on the number of beams UE needs to sweep and the periodicity of SS burst set. After that, a UE can receive DCI carried by NR-PDCCH at the expected paging occasion, which should be expressed in terms of indexed period of SS burst set, within one paging period. An example of paging periodicity/occasion defined based on SS burst set and multiplexing of paging with SS blocks is given in Figure 1. 
[image: ]
[bookmark: _Ref470683585]Figure 1 Illustration of paging periodicity/occasion defined based on SS burst set and multiplexing of paging with SS blocks
Based on the discussions above, we have the following proposals:
Proposal 1: Support multiplexing paging with SS blocks. 
Proposal 2: Support using an integer multiple of periodicity of SS burst set as paging periodicity.
Proposal 3: Support using indexed period of SS burst set as reference for defining paging occasion.
Paging channel design 
For RRC-IDLE mode user, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH. Efficient channel design to enable multiplexing of paging with SS blocks is given in Figure 2, where the DCI carried by PDCCH is multiplexed with the SS blocks. The PCH/PDSCH carrying paging message can be located either together with the SS blocks (left figure), or in subsequent slots (right figure). These two approaches may require different signalling in DCI/PDCCH indicating the resources carrying paging messages and hence should be further studied.
When the remaining resource around the SS blocks are insufficient to carry the DCI/PDCCH for paging, another round of beam sweeping, which is different from that for SS blocks, is needed for paging, as pointed out by Alt-2 in the agreements. This approach will induce a larger overhead for beam sweeping operation and limit the scheduling flexibility at those locations, requiring further study.
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[bookmark: _Ref470688815]Figure 2 Examples for channel design for enabling multiplexing of paging with SS blocks
Proposal 4: Support multiplexing the DCI, carried by NR-PDCCH for paging message scheduling, with SS block. 
To reduce the beam sweeping overhead, some paging message with very limited payloadse.g., cmas-Indication, etws-Indication, systemInfoModification, could be transmitted over NR-PDCCH without another round beam sweeping of NR-PDSCH, if they are supported in paging.
The paging indication or paging message being transmitted in a non-schedule physical channel or semi-statically configured resource need further study. The specific application scenario and the benefit should be exploited by considering overhead, UE power consumption and NW flexibility. For example, the paging message is not necessary all the time, if the paging indication is carried by NR-PBCH or some other non-scheduled physical channel, it will introduce additional overhead if the allocated resources are always on. Furthermore, it will also introduce additional complexity for UE decoding and NW transmission if such allocated resource is not always on, where the resources for the non-scheduled physical channel are adaptive.
Based on the previous discussion, we have following proposal
Proposal 5: Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH without NR-PDSCH, if they are supported in paging.
Summary of proposals
The proposals made in this paper are summarized as follows:
Proposal 1: Support multiplexing paging with SS blocks. 
Proposal 2: Support using an integer multiple of periodicity of SS burst set as paging periodicity.
Proposal 3: Support using indexed period of SS burst set as reference for defining paging occasion.
Proposal 4: Support multiplexing the DCI, carried by NR-PDCCH for paging message scheduling, with SS block. 
Proposal 5: Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH without NR-PDSCH, if they are supported in paging.
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