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1. Introduction
The SI proposal “New SID Proposal: Study on New Radio Access Technology” was approved in RAN plenary #71 [1].
Beam sweeping brings about new challenges in a multiplicity of respects, e.g. initial access, paging, RRM measurement, and etc. Regarding paging, following agreements were achieved in RAN1 NR Ad Hoc Meeting in January, 2017.
· 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)
In this document, paging related issues are discussed in detail, and potential enhancements are also presented.
2. Discussion
In LTE system, common channels and signals are carried by a single beam, without any precoding or beamforming. Paging is no exception. Given a UE, it just wakes up and detects the PDCCH at its paging occasion (PO), which is essentially a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH addressing the paging message.
For NR system, especially for those operating at high frequency, e.g. above 6 GHz, due to the extremely severe path loss in the propagation, irrespective of data channels or control and common channels, beamforming is widely adopted for coverage extension. For common and control channels, as a simple but feasible solution, beam sweeping is able to provide an efficient coverage for a given spatial area in a TDM way, and consequently has been the focus of the discussion since it was proposed.


For paging transmission, the challenge is how to successfully deliver each paging message to the desired UE(s) efficiently. To this end, a straightforward method is to broadcast each paging message using all the candidate beams, e.g. beam sweeping, regardless of the beam preference of the UE(s) to be paged. The Opt-2 in the agreement above can be identified as a typical embodiment of this method, in which the paging indication is carried by NR-PBCH. However, the method leads to limited capacity for paging, since the effective resources capable of carrying paging messages are actually reduced to , where  is the number of candidate beams in the beam sweeping. Clearly, the number of UE(s) which can be paged simultaneously is very limited. Accordingly, the missing UE(s) cannot update its knowledge of system information or response to the request from the network in time. Moreover, it is indeed a waste of resources to blindly broadcast each paging message using all the candidate beams. After all, a paging message is neither network-wide nor cell-specific information, but only dedicated to a limited number of UE(s) to be paged. In this sense, it is unnecessary to broadcast each paging message by beam sweeping.
Observation #1: Beam sweeping-based paging transmission will lead to limited capacity for paging, since the effective resources used for paging is greatly reduced due to the beam sweeping.
Observation #2: It is unnecessary to broadcast each paging message by beam sweeping.
In order to break the capacity limitation and improve the efficiency of paging transmission, another alternative is to transmit paging messages on NR-PDSCH, as in LTE systems. From a standardization perspective, transmitting paging on NR-PDSCH can reduce the specification effort and may help in the tight interworking between NR and LTE in the future. If a gNB is aware of the beam preference of each UE to be paged, the gNB can directly deliver the paging message to the target UE(s) in lieu of traversing all the candidate beams by beam sweeping. Therefore, mechanisms to make a gNB understand the beam preference of each paged UE should be explored and considered.
Proposal #1: Consider transmitting paging messages on NR-PDSCH.
Proposal #2: Consider and explore the mechanisms to allow a gNB to understand the beam preference of each UE.
On other hand, the duration of a PO depends on the granularity of the beam sweeping in the time domain. Considering the fact that different UE’s may have different beam preferences, the PO’s of UE’s with different beam preferences should be distinguished and multiplexed in the time domain, while the PO’s of UE’s with the same beam preference can share the same PO, i.e., the UE’s which prefer the same beam can be paged simultaneously. To this end, the beam preference of a given UE should be taken into account on top of its UE ID in its PO scheduling. Accordingly, the concept of PO can be extended from a subframe (in time domain) to a subframe-beam, i.e. a 2-dimension block (in time-spatial domain). Without loss of generality, in NR system, a PO can be redefined as a particularly beamformed subframe where there may be P-RNTI transmitted on NR-PDCCH addressing paging messages and the beamforming is dedicated to the UE’s to be paged. Namely, the length of each PO in the time domain equals the duration of each candidate beam.
Proposal #3: Consider the beam preference of a given UE on top of its UE ID in its PO scheduling.
Proposal #4: A PO can be redefined as a particular beamformed subframe where there may be P-RNTI transmitted on NR-PDCCH addressing paging messages and the beamforming is dedicated to the UE’s to be paged.
3. Conclusions
In this contribution, paging related issues were discussed in details. Based on the discussion, we have the following observations and proposals.
Observation #1: Beam sweeping-based paging transmission will lead to limited capacity for paging, since the effective resources used for paging is greatly reduced due to the beam sweeping.
Observation #2: It is unnecessary to broadcast each paging message by beam sweeping.
Proposal #1: Consider transmitting paging messages on NR-PDSCH.
Proposal #2: Consider and explore the mechanisms to allow a gNB to understand the beam preference of each UE.
Proposal #3: Consider the beam preference of a given UE on top of its UE ID in its PO scheduling.
Proposal #4: A PO can be redefined as a particular beamformed subframe where there may be P-RNTI transmitted on NR-PDCCH addressing paging messages and the beamforming is dedicated to the UE’s to be paged.
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