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Introduction
	In RAN1 #87, on multi-Beam paging, the following agreements were reached [1][2]
Agreement:
· 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 have some observations and proposals on the NR paging design based on some agreements and working assumptions as in previous meetings.

Discussion
UE in idle mode should monitor paging on calculated paging occasions (PO/PF) during the DRX cycle in the cell it camped on in LTE system, and monitor the PDCCH of that PO masked with P-RNTI and further decode paging on data channel.
In NR, when high frequency bands are introduced, e.g. above 6GHz, beam sweeping, at least of synchronization and broadcast information for initial access, should be supported to improve the coverage as discussed in the previous meetings. For the beam formed SS block, the overhead and latency caused by sweeping is one of the important design aspects to study, so that only essential system information (the detail contents are FFS) can be included in the SS block. And in RAN1 #87 it was agreed that beam sweeping should be supported for paging in multi-beam operation and detail methods need further study. However, multiplexing paging with SS blocks or adding another round of beam sweeping for paging or even other alternatives are open for discussion so far in RAN1.
Since paging needs to be transmitted using the multiple transmission beams, the paging reception window length in time domain of UE and the overhead of SS block and the paging transmission resources should be discussed and considered in the NR paging design, note that the UEs in a cell may be in the order of magnitude more than that of LTE since massive MTC will be supported in NR.

Paging multiplexing with SS blocks
There are several methods to support beam sweeping for paging signal as discussed in the previous meeting, one option is that paging is multiplexed with the SS and SI in the SS block, anyway the PO configuration will depend on the multiplexing design of SS block and its beam sweeping period since UE could not chose the exact beam occasion without any guidance of gNB. 

If FDM of SS block multiplexing design for the analog beam sweeping of SS block is adopted, the overhead is the smallest and PO may be configured smaller in time domain. In addition, from UE power saving point of view, DL synchronization is often necessary with PO reception during a DRX cycle, so if paging block is transmitted with the SS signal in the SS block, the total waking time of the UE for synchronization and paging reception can be reduced and thus decreasing the power consumption especially for small DRX cycle configuration, and latency is the minimum as well. 
[bookmark: _GoBack]However, paging channel capacity may be a limitation considering that the block size of essential SI has not decided yet and the NR numerology scalability for SS block allows more than 60 kHz subcarrier spacing. So, paging indication only could be introduced to the paging physical channel design for beam sweeping and the beam transmission methods for paging message can be open for FFS, such as an extra paging beam sweeping resources after the SS block with a default configurable bands for some UEs while paging on demand for others, as in figure 1, and the bands of paging message beam can be flexible configured. The configuration that some paging message being included in the PI field for some very low latency UEs is not precluded.
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Fig1   Paging indication multiplexed in SS blocks

Proposal 1:  Paging indications multiplexed with the FDM design of SS block can be introduced for NR paging beam sweeping, the transmission method for related paging message is FFS.

Other alternative mechanisms
If paging is not multiplexed within the SS block, it means all the paging message should be beam sweeping for all the UEs. But in NR, the UE types and user scenarios are much different, some UE may not expect to receive the paging message immediately, which means beam sweeping of paging message is not necessarily for all cases.
Also, from the UE power saving aspect, the total waking time of the UE, in most cases for a PO reception, is no obviously shorter even for the TDM case of SS block multiplexing because UE need do DL synchronization  before PO reception as mentioned in the 2.1, although the configuration of PO seems shorter from the gNB side.
Proposal 2:  At least paging indication should be multiplexed with SS blocks.

Conclusions
In this contribution we provide our views on the NR paging design and we have the following proposals:
Proposal 1:  Paging indications multiplexed with the FDM design of SS block can be introduced for NR paging beam sweeping, the transmission method for related paging message is FFS.
Proposal 2:  At least paging indication should be multiplexed with SS blocks.
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