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1. Introduction

In RAN1#87 and RAN1#88 meeting, agreements about NR paging were made:

	Agreements from RAN1#87
· 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

Agreements from RAN1#88
· Support the paging channel design at least for RRC idle mode as follows:

· Paging is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting  (if supported)  

· Opt-1: paging indication is in DCI 

· Opt-2: paging indication is in non-scheduled physical channel 

· How to indicate SI update if it is supported in paging 


In RAN2 Ad hoc # 1 meeting, agreements about NR paging were made:
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.

According to these agreements, beam sweeping is supported for paging in multi-beam operation:

· From RAN2 perspective, FFS the content of paging transmitted via beam sweeping: paging indicator or paging message.
In this contribution, we discuss the content of paging transmitted via beam sweeping.

2. Discussion
Adopting PI for paging in beam sweeping aims to reduce the radio resource overhead, the DL resource overhead is reduced as PIs is transmitted in beam sweeping instead of the complete paging record list. 

All UEs with a same PI are required to perform uplink access if the corresponding PI is indicated. The PI can be a PGID or a specific bit position corresponding to a PG in a bitmap or a truncation of the UE ID. A same PI can be utilized by different UEs based on a certain mechanism. With given number of UEs in a cell, if the number of PIs is larger, the number of UEs with same PI will be smaller, which can reduce the number of false-alert UEs and reduce the UL resource waste and access conflict. 
Observation1: DL resource overhead is reduced as PIs is transmitted in beam sweeping instead of the complete paging record list. UL resource waste and access conflict can be reduced by configuring large number of PIs. 
If a UE determines its PI based on its IMSI or S-TMSI, the number of UEs of each PI may vary. Moreover, the number of UEs with same PI dynamically changes in a cell, because of UE’s status transition and mobility, i.e., UEs can transit from CONNECTED to IDLE/INACTIVE or vice versa, and UEs can move to another cell. 
As discussed above, it is difficult to balance the number of UEs for each PI due to the randomness of UE ID as well as UE’s mobility and status transition.
Consequently, a variety number of UEs of each PI could reduce the efficiency of radio resources and increase more power consumption and access collision. Specifically, for a PI utilized by a large number of UEs, all UEs should perform uplink access if the PI is indicated, lead to a waste of uplink resource and an increase of access conflict as false-alert UEs are not paged in fact.
Observation2: It is difficult to balance the number of UEs for each PI due to the randomness of UE ID as well as UE’s mobility and status transition. As a result, the efficiency of radio resources is reduced while power consumption and access collision are increased.

 As discussed in [2], there are two options for PI implementations:
· Option 1: the UE identity (UE ID) is sent to the network and the paging check is done by the network.
· Option 2: the paged UE IDs are sent to UEs by the network and paging check is done by the UE.
For option 1, it is not necessary to broadcast the paging record list where UE IDs of paged UEs are contained. 
A UE ID is sent to the network in Msg1 for 2-step RACH or in Msg3 for 4-step RACH, the network checks whether the received UE ID matches one of the UE IDs in paging message received from CN. If matched, the paged UE can complete the connection setup in Msg2/Msg4 for receiving the incoming call or data transfer; if not, the UE can be informed as a false-alert UE to end the access procedure. 
There are some concerns for this option:
· UL resource for Msg3 and power consumption are wasted due that false-alert UEs are not paged in fact.

· The probability of competition to transmit Msg3 is increased, which may cause a failure of paged UE contention resolution. 
· Meanwhile, the contention solution procedure requires to be re-designed to support to inform the false-alert UE and thus more specification work is needed.
Observation3: For the case that paging check is done by the NW, more UL resources and UE power consumption are wasted caused by false-alert UEs, the probability of competition for Msg3 is increased, and thus, more specification work is required to design new contention solution format to inform the false-alert UE.
For option 2, the network need to broadcast the paged UE IDs in Msg2 (RAR or a new message instead of a regular RAR) only on the specific beam associated to Msg1.
UE checks whether its UE ID matches one of the UE IDs in Msg2. If matched, the UE is paged, it will continue the RACH procedure, and otherwise, it should end RACH procedure. In this option, a special preamble or paging group based preamble is used for this PI-triggered RACH procedure [2]. Correspondingly, the Msg2 should contain the full paged UE IDs or each Msg2 (corresponding to the special PG-based preamble) would contain only the paged UE IDs in the paging group. 
There are also some concerns for this option:
· As false-alert UEs also perform uplink access procedure, access collision is increased and power consumption is wasted.
· The network need to send the paged UE IDs via Msg2 in these beams associated with Msg1. If there exist too many beams sending Mg2, the DL overhead reduction is not obvious. The worst case is that, if at least one UE sends the preamble in each beam, the network will send Msg2 in all beams. Therefore the DL overhead is not reduced exactly, and has no difference with the case of using paging message for beam sweeping. 
· A new RAR format requires to be designed to carry the paged UE IDs, which increases specification work.
· More important, if the PRACH resource used in this procedure is shared, for UEs on the same beam, as long as they use different PRACH resources even if they are in the same paging group, network repeatedly send the same message (which contains the full paged UE IDs or the PG-based paged UE IDs), causing an increase of DL overhead.
· At the time that the network transmits msg2, a UE may have already moved to another beam and miss the transmitted msg2. Hence, this approach is not reliable.
Observation4: For the case that paging check is done by the UE, more preambles are reserved, which requires specification work to design a new RAR format to carry the paged UE ID. Moreover, DL overhead for broadcast paged UE-ID can be increased if different PRACH resources are used.

For the PI mechanism, DL resource overhead is reduced as PIs is transmitted in beam sweeping instead of the complete paging record list. However, it can cause other serious problems, such as UL resource overhead, UE power consumption, access conflict and more specification work and so on. 
Considering only the paged UE is triggered to perform uplink access procedure in paging using paging message,  it is simpler, more reliable, no additional UL resource waste and no additional power consumption, compared with paging using PI. UE may only monitor the time slot in PO corresponding to its best/suitable DL TX beam.
According to the problem discussed above, if a new mechanism can be designed to carry paging content via beam sweeping, we prefer to use paging message rather than paging indicator in NR. The paging indication mechanism requires further evaluation and can be considered in the future.
Proposal: Paging message rather than paging indicator is transmitted via beam sweeping.
3. Conclusion

Based on the above analysis, RAN2 is requested to discuss and agree on the following proposals:
Observation1: DL resource overhead is reduced as PIs is transmitted in beam sweeping instead of the complete paging record list. UL resource waste and access conflict can be reduced by configuring large number of PIs.

Observation2: It is difficult to balance the number of UEs for each PI due to the randomness of UE ID as well as UE’s mobility and status transition. As a result, the efficiency of radio resources is reduced while power consumption and access collision are increased.
Observation3: For the case that paging check is done by the NW, more UL resources and UE power consumption are wasted caused by false-alert UEs, the probability of competition for Msg3 is increased, and thus, more specification work is required to design new contention solution format to inform the false-alert UE.
Observation4: For the case that paging check is done by the UE, more preambles are reserved, which requires specification work to design a new RAR format to carry the paged UE ID. Moreover, DL overhead for broadcast paged UE-ID can be increased if different PRACH resources are used.
Proposal: Paging message rather than paging indicator is transmitted using beam sweeping.
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