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1 Introduction

In this contribution, beamforming impacts on the Paging Procedure are discussed. The limitations of the LTE paging procedure in the presence of a multi-beam system are identified and discussed.
Following agreements are made in RAN2 ad-hoc meeting [1],

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 signalling.

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.
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).
2 Beamforming Impacts on the NR Paging Procedure
2.1 Paging Occasions
In LTE, the UE calculates the timing for paging reception based on Paging Frame (PF) and Paging Occasion (PO), which are unambiguously determined using on cell level frame timing and sub-frame timing respectively.
Based on the  agreements from last meeting, in the presence of beam sweeping, it may be possible to have different configurations for paging occasion.

Option:1 One paging occasion consists of multiple consecutive time slots sufficient to sweep all the DL TX beams associated with a cell. 
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Figure 1 Option:1 Complete beam sweep within one paging occasion
Option:2 One paging occasion consists of multiple time slots sufficient to sweep subset of DL TX beams. Multiple paging occasions may be required to sweep all DL TX beams. 
[image: image2.png]<«——Paging cycle >< Paging cycle >< Paging cycle——————>

n = number of DL TX beams carrying paging




Figure 2 Option:2 Complete beam sweep in multiple paging occasions
Depending on the number of beams in the system, Option 1 may not be able to accommodate all beams to be transmitted in consecutive timeslots.  Option 2 would allow the network to spread the beams across multiple occasions.  For both options, to optimize battery consumption, the UE should be able to select one or more suitable DL TX beams to receive the paging occasion based on beam measurements.  The exact selection criteria should be left up to UE implementation.   In Option 1 the UE can monitor the timeslot within the PO that contains the corresponding DL TX beam and in Option 2 the UE would have to determine the PO that contains the corresponding DL TX beam.  This would require an association of a subset of DL TX beams to a PO.   
Proposal 1:
To receive beamformed paging in NR, UE monitors the paging occasion or part of the paging occasion associated to a subset of DL TX beam(s). 
2.2 Reducing paging overhead
Network cannot have a precise knowledge of UE location or best beam(s) particularly for IDLE and/or INACTIVE UEs. As a result, the paging message needs to be transmitted over a logical area covered by multiple cells, overall all beams. Transmission of paging message in a beam sweeping mode in multiple cells consumes significant radio resources. 

The overhead of beam sweeping can be reduced if network has a better knowledge of UE presence based on some form of UE assistance. For example, it can be beneficial for the network to determine various levels of UE beam occupancy associated with the DL TX beams (e.g. DL beams in which UEs can receive). UE assistance can be in the form of UL signal transmission and details can be left to stage 3.   
As a result of this assistance information the network can determine the DL beams in which at least one relevant UE is present and send the paging message only on a subset of beams.  Different granularity of UE assistance schemes can be studied, for example, 
1. Assistance to indicate presence of at least one UE, in a subset of DL TX beam(s)

2. Assistance to indicate presence of at least one UE among a predefined group of UEs, in a subset of DL TX beam(s) 
3. Assistance to indicate presence of a specific UE, in a subset of DL TX beam(s).
Proposal 2: UE assistance mechanisms should be supported in NR to reduce beam sweeping overhead for DL paging. The specific assistance mechanism can be left for WI phase.
The configuration associated with the UL resources to be used for transmission of UE assistance can be provided as a part of system information. It should be noted however the assistance schemes require UL resources and increases UE power consumption. 
Therefore, it would be beneficial to minimize the occurrences of this assistance information, by triggering UL transmissions only when necessary. For example, when the number of DL TX beams are very large and number of UEs are small, then the network can configure the UEs to provide assistance.  

Proposal 3: It should be possible for the network to dynamically activate/de-activate the UE assistance mechanisms. 

Furthermore, the UE UL transmissions should be triggered as a result of a DL paging indication from the network.  The details of the paging indication can be left up to RAN1.   Upon reception of such DL paging indication a UE can initiate an UL transmission to assist the network to determine the best set of DL TX beams.   
It should be noted that the reduction of overhead is a function of the number of UEs in the cell and the number of configured DL TX beams. Different granularity of UE assistance can help the network to reduce scope of paging message (e.g. number of beams that carry the paging message) and/or the size of paging message (e.g. number of paging records in each paging message). For example, to reduce size of the paging message, network should be able to query for the presence of UEs that belong to a specific group.  This can be achieved by the paging indication from the network can carry a group identity associated with the upcoming paging message. Only the UEs that belong to the group may transmit a UL signal using the assistance resources. Similarly, to reduce the scope of the paging message, network should be able to determine for the presence of UEs in a subset of DL TX beams, based on the reception of UE assistance. In addition to dynamically turning the UE assistance on/off, the network should also have a means to configure the granularity of UE assistance. 
Proposal 4: UL transmissions (UE assistance information) should be transmitted upon reception of a DL paging indication.  Details of the paging indication can be left up to RAN1

Proposal 5:  It should be possible for the network to configure and granularity of UE assistance. 
3 Conclusion

In this contribution: 
Proposal 1:
To receive beamformed paging in NR, UE monitors the paging occasion or part of the paging occasion associated to a subset of DL TX beam(s). 

Proposal 2: UE assistance mechanisms should be supported in NR to reduce beam sweeping overhead for DL paging. The specific assistance mechanism can be left for WI phase.
Proposal 3: It should be possible for the network to dynamically activate/de-activate the UE assistance mechanisms. 

Proposal 4:   UL transmissions (UE assistance information) should be transmitted upon reception of a DL paging  indication.  Details of the paging indication can be left up to RAN1

Proposal 5:   It should be possible for the network to configure and granularity of UE assistance. 
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