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1 Introduction

During the NR SI RAN2 has discussed paging operation. It was agreed [1] [2] that, 

Agreements
1:   UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2:   UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3:   The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.
4:   The number of paging occasions in the DRX cycle is configurable and provided in system information.
5:   If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6:    RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7:    Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8:   The number of time slots in a paging occasion is provided in system information.
In this contribution we discuss some additional aspects related to beamformed paging operation.
2 Discussion
2.1 Paging Transmission

RAN2 has agreed that paging occasion (PO) can consist of multiple time slots (e.g. subframe or OFDM symbol). Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition depending on RAN1 decision. RAN1 has discussed the paging transmission using multiple DL TX beams and has made the following agreements [3]:

Based on RAN1 and RAN2 agreements we observe that for paging in multi-beam operation, beam seeping is performed in PO. 

Observation 1: For paging in multi-beam operation beam sweeping is performed in paging occasion. 
Figure 1 illustrates transmission of paging using TX beam sweeping in a PO which comprises of multiple time slots. Time slots in PO where paging is transmitted may or may not be consecutive. Paging is transmitted in a time slot (designated for paging) using one or more TX beams. TX beam(s) used in each time slot (designated for paging) are distinct.
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Figure 1 Paging transmission using TX beam sweeping in PO
Figure 2 illustrates transmission of paging using TX beam sweeping and TX beam repetition in a PO which comprises of multiple time slots. Time slots in PO where paging is transmitted may or may not be consecutive. Paging is transmitted in each time slot (designated for paging) using one or more TX beams. Paging transmission using same TX beam(s) is repeated to enable RX beam sweeping at UE. 6 TX beams at gNB and 2 RX beams at UE are considered in Figure 2.
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Figure 2 Paging transmission using TX beam sweeping and TX beam repetition in PO
The advantage of repetition of paging transmission from each TX beam to enable RX beam sweeping is that UE does not need to wake up before the PO for RX beam sweeping. However, repetition of paging transmission from each TX beam to enable RX beam sweeping is very expensive in terms of paging overhead. Additionally different UEs may have different RX beam capability which may further complicate the design of PO (e.g. POs with different number of time slots, mapping of POs to UEs depending on UE RX beam capability, etc). So it is preferred that for paging in multi-beam operation only TX beam sweeping is performed in PO.

Observation 2: Repetition of paging transmission from each TX beam to enable RX beam sweeping leads to increase signaling overhead.
Observation 3: Each UE can have different RX beam capability. This may complicate the design of PO (e.g. POs with different number of time slots, mapping of POs to UEs depending on UE RX beam capability, etc) if  paging transmission from each TX beam is repeated to enable RX beam sweeping.
Proposal 1: For paging in multi-beam operation, TX beam sweeping is performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.
2.2 Paging Reception

In order to receive the paging message transmitted using beam sweeping, UE has to monitor increased number of time slots for paging as PO consists of several time slots for TX beam sweeping. This leads to increased UE’s power consumption. 
Observation 4: Monitoring multiple time slots in PO leads to increased UE’s power consumption.

UE power consumption can be reduced if UE can determine the best/suitable DL TX beam (or SS block) using the broadcast signals such NR-PSS/SSS/PBCH and then monitors the time slot in PO corresponding to the best/suitable DL TX beam (or SS block). Note that UE anyways have to monitor the broadcast signals such as NR-PSS/SSS to check if UE is in same cell or not. So, determining the best/suitable DL TX beam (or SS block) does not lead to any additional complexity at UE. 

In order to determine the time slot corresponding to best/suitable DL TX beam (SS block), UE needs to know the mapping between one or more DL TX beams (or SS blocks) and time slots in PO. 
·  Implicit Signaling: The mapping between one or more DL TX beams (or SS bocks) and time slots in PO can be implicit. The order in which DL TX beams are used for transmission of NR-PSS/SSS/BCH is same as order in which DL TX beams are used for transmission of paging message in PO. This is shown in Figure 3. For example, if best/suitable DL TX beam is TX5, then UE monitors only time slot S4 for receiving paging.
· Explicit Signaling: The mapping between one or more DL TX beams (or SS blocks) and time slots in PO can be explicit signaled in system information.
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Figure 3

Proposal 2:   UE does not need to monitor all time slots in paging occasion for receiving paging message. UE may only monitor the time slot in PO corresponding to its best/suitable DL TX beam (or SS block). 

Proposal 3: Determination of best/suitable DL TX beam (or SS block) using the broadcast signals such as NR-PSS/SSS/BCH can be left to UE implementation.

Proposal 4: Mapping between the time slots in paging occasion and DL TX beams (or SS blocks) can be explicitly or implicitly signaled to UE. The details are FFS.

In a beamformed system UE may or may not support RX beamforming. If UE supports multiple RX beams then UE has to determine the RX beam for receiving paging in PO. If UE has N RX beams and paging is transmitted using a TX beam only once then UE can wake up in advance before the PO to monitor the broadcast signals such as NR-PSS/SSS/BCH, perform RX beam sweeping and determine the best/suitable RX beam. UE then uses this RX beam to receive paging in PO. This operation can be left to implementation.
Proposal 5: Determination of RX beam (if UE supports multiple RX beams) for receiving paging is up to UE implementation.

3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: For paging in multi-beam operation TX beam sweeping is performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.
Proposal 2:   UE does not need to monitor all time slots in paging occasion for receiving paging message. UE may only monitor the time slot in PO corresponding to its best/suitable DL TX beam (or SS block). 

Proposal 3:  Determination of best/suitable DL TX beam (or SS block) using the broadcast signals such as NR-PSS/SSS/BCH can be left to UE implementation.

Proposal 4: Mapping between the time slots in paging occasion and DL TX beams (or SS block) can be explicitly or implicitly signaled to UE. The details are FFS.

Proposal 5: Determination of RX beam (if UE supports multiple RX beams) for receiving paging is up to UE implementation.

4 References

[1] RAN2 Adhoc Chairman Notes

[2] TR 38.804 v 14.0.0, “Study on New Radio Access Technology, Radio Protocol Aspects”

[3] TR 38.802 v 14.0.0, “Study on New Radio Access Technology, Physical Layer Aspects”
RAN 1 Agreement:


For paging in multi-beam operation, beam sweeping is supported for paging. 


For the paging channel design at least for RRC idle mode, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH.
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