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1. Introduction
During previous RAN1/RAN2 meetings, the following was agreed with respect to paging [1-3]. This contribution discusses further details of paging channel design.
	RAN1 Agreements:
· 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

· Support the paging channel design at least for RRC idle mode as follows:

· Paging message 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


	RAN2 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.


2. Discussions
Paging Transmission in Single-beam Operation 

It was agreed that paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH, as in LTE. The paging occasion (PO) can be one slot instead of a subframe, as shown in Figure 1. 
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Figure 1
Paging Transmission in Multi-beam Operation 

In multiple-beam operation, a PO consists of multiple slots, and in each slot a same paging message is transmitted by NR-PDCCH/NR-PDSCH, with one or multiple distinct TX beams, as shown in Figure 2. Depending on the number of antenna panels and supported beams, one or more antenna panels may be dedicated for paging transmissions in a slot. Assuming that there is one antenna panel dedicated for paging transmissions in a slot, the time to finish one paging transmission with N-beam sweeping is N slots. By increasing the number of antenna panels dedicated for paging transmissions in a slot, the time to finish a paging message transmission can be reduced. 
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Figure 2
In addition to TX beam sweeping, one may also think about TX beam repetition to enable RX beam sweeping at the UE side. However, paging transmission with additional TX beam repetition is very expensive in terms of paging overhead, increased by the number of repetitions. Furthermore, different UEs may have different RX beam capability which may further complicate the design of PO (e.g. POs with different number of slots, mapping of POs to UEs depending on UE RX beam capability, etc.). Therefore, it is preferred that the transmit beams are not repeated. 
Proposal 1: For paging transmission in multi-beam operation, support TX beam sweeping for both NR-PDCCH and NR-PDSCH in the PO. TX beam repetition is not required.
Paging Reception in Multi-beam Operation
In order to receive the beamformed paging, UE needs to monitor increased number of slots for paging as PO consists of multiple slots for TX beam sweeping, which leads to increased power consumption. This can be reduced if the UE is able to determine the best DL TX beam and then monitor the slot corresponding to the best DL TX beam. For example, the UE can measure the signals/channels in SS block to determine a best DL TX beam. In order to determine the time slot corresponding to best DL TX beam, UE needs to know the mapping between the DL TX beams and slots in PO. The order of DL TX beams used in PO slots can be explicitly signaled in system information or can be the same as that used in SS block. 
In addition, UE may also be able to perform RX beamforming. UE can wake up in advance before the PO slots to monitor the signals/channels in SS block, perform RX beam sweeping and determine the best RX beam. UE then uses this RX beam to receive paging in PO slots. 

Proposal 2: UE is not required to continuously perform beam tracking for paging reception. NR paging design supports that UE can select one DL TX beam using the signals/channels in SS block and then monitors the PO slot corresponding to the selected DL TX beam.
3. Conclusions
In this contribution, the design considerations of NR paging channel are discussed. In summary, the proposals are as follows:
Proposal 1: For paging transmission in multi-beam operation, support TX beam sweeping for both NR-PDCCH and NR-PDSCH in the PO. TX beam repetition is not required.
Proposal 2: UE is not required to continuously perform beam tracking for paging reception. NR paging design supports that UE can select one DL TX beam using the signals/channels in SS block and then monitors the PO slot corresponding to the selected DL TX beam.
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