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Introduction
RAN1#87 made the following agreements on paging:
· 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 discuss further paging delivery in NR.
Wide beams vs. beam sweeping
In low frequency bands, omnidirectional or wide beam transmission will be used for paging delivery. In higher frequencies, sweeping of narrow beams may be used, but has the disadvantages of large overhead and increased active/wake time for the UE to monitor the paging channel since the UE does not know which beam(s) in the sweep it can receive. Hence, use of omnidirectional or wide beam transmission with repetition to allow accumulation of multiple receptions for UEs at the cell edge should also be supported also in this case. The number of repetitions needed to provide coverage at the cell edge depend on the deployment density and the applied modulation and coding. Since paging is typically performed over larger areas, single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell is possible and improving the link budget further. 
[bookmark: _Toc470174584][bookmark: _Toc470174680][bookmark: _Toc470941439][bookmark: _Toc470941820][bookmark: _Toc471404974][bookmark: _Toc471473153][bookmark: _Toc471514690]NR should support at least three different delivery mechanisms for paging
· Omnidirectional or wide beam (e.g. sector) transmission
· Sweeping of narrow beams
· Single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell.
Self-contained paging
In LTE paging is delivered like any downlink data using the PDCCH and the PDSCH, where the paging message, which is transmitted on the PDSCH, is allocated transmission resources by a scheduling assignment on the PDCCH addressed to the P-RNTI (which is shared by all UEs). The delivery channel is cell specific, since both the reference signals (CRS) and the scrambling are derived from the PCI. 
The same principle, i.e. delivering paging on a physical channel where the information needed to demodulate the physical channel can be derived from the PCI may be used in NR too, except for the case where the paging message is transmitted in an SFN manner where a common configuration for the TRPs transmitting paging is needed. 
For demodulation, dedicated DMRS for paging are included in the paging transmission and with sparse NR-PSS/NR-SSS transmissions, it may be beneficial to include a synchronization component in the reference signal for the paging delivery. This to prevent that UEs waking up after having been in DRX sleep mode for a relatively long time are forced to resync with the NR-PSS/NR-SSS before receiving the paging channel. With such a design of the paging channel, the channel can be said to be self-contained, i.e. the paging occasion contains all the signals needed for demodulation the signal. 
The paging channel should be self-contained containing all the signals needed to decode the paging channel within the paging occasion.
By default, the information needed to demodulate the paging channel, like DMRS and scrambling phase, can be derived from the PCI. Additionally, the network can configure different settings to allow SFN transmission of the paging from multiple cells 
Physical channel format
The following (non)agreements were made on paging at the RAN1 NR adhoc:
Agreements:
· 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
· Prepare draft LS to RAN2 within Thursday in R1-1701495 – Teck (Huawei)


While waiting for the reply from RAN2, it should be noted that in LTE even the payload when paging a single UE can vary due to the following reason:
· The UE IDs used for paging are of variable size
· Paging of multiple UEs in a paging occasions needs to be supported to allow long network DTX
Based on this and to ease the UE decoding(avoid blind decodes), the following observation can be made: 
A variable payload needs to be supported for paging messages in NR
With this observation, a short analysis of the different options is performed. The assumption on terminology here is that a paging indication only indicating that a page is happing in the paging occasion with no information on which UE(s) are being paged. Also, a non-scheduled channel has a fixed resource allocation, payload and MCS. 
[bookmark: _GoBack]In options 2, 3 and 5 the paging message is on a non-scheduled channel not supporting flexible payload and can be excluded. Options 4 seems to be only related to paging for update of system information. This can be considered at some stage based on RAN2 input on paging for system information update. All in all, the proposal is to use a “two-channel” structure similar to the PDCCH+PDSCH approach in LTE, i.e. option 2.
Use a two channel structure for paging in NR similar to PDCCH+PDSCH in LTE
With paging channel as defined above, it may be considered to use this channel for delivery of other data to UEs in idle mode or the “new state”. Such data could e.g. be on demand triggered broadcast of other system information (i.e. system information that is not included in the periodically broadcast minimum system information). This would make it a generic channel for delivery of control information to UEs in idle mode or the “new state”.
The channel for delivering paging could be a generic channel for delivery of control information to UEs in idle mode or the “new state” that could for example be used for transmission of on demand system information. It may have a “two-channel” structure with a principle similar to the PDCCH+PDSCH approach of LTE. 
Conclusion
Based on the discussion above we make the following proposals:
1. NR should support at least three different delivery mechanisms for paging
· Omnidirectional or wide beam (e.g. sector) transmission
· Sweeping of narrow beams
· Single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell.
The paging channel should be self-contained containing all the signals needed to decode the channel within the paging occasion.
By default, the information needed to demodulate the paging channel, like DMRS and scrambling phase, can be derived from the PCI. Additionally, the network can configure different settings to allow SFN transmission of the paging from multiple cells 
Use a two channel structure for paging in NR similar to PDCCH+PDSCH in LTE
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