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1. Introduction
During previous RAN1 meetings [1-2], there were following agreements on paging. In this contribution, the design considerations of NR paging channel are discussed.
	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


	Agreements:
· 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


2. Paging Message Transmission in NR
In the candidate options for paging channel design, the general assumption is that the paging message at least includes some information (e.g., UE IDs) which needs to be delivered to one or more paged UEs, except for the case that a paging message may only include SI change indication in Opt-4. Therefore, we focus on the general case that the paging message includes some information (e.g., UE IDs) which needs to be delivered to one or more paged UEs.

In Opt-1, Opt-3, and Opt-5, the common assumption is that the paging message is transmitted by NR-PDSCH, and the difference is the pre-step and amount of information for NR-PDSCH reception, e.g., DCI, or resource pre-configuration, or pre-indication. It is expected that there are tradeoff of overhead and flexibility among the options, and the UE behaviors are different in different options. 
In Opt-2, the paging message is transmitted in a non-scheduled physical channel. It is expected that this may give significant restriction on flexibility of transmission parameters, e.g., time/frequency resources, the amount of resources, the used modulation and coding schemes, and payload size. 
Another important aspect of paging in NR is the beam sweeping operation in multi-beam system. In [3], the following is observed considering the beam sweeping operation in PDCCH/PDSCH based paging transmission and dedicated paging channel for paging transmission. It is noted here that PDCCH/PDSCH based paging transmission (e.g., LTE-like paging transmission) is considered in single beam system as reference for comparison. 
	
	PDCCH/PDSCH based
	Dedicated paging channel 

	Specification efforts
	· Re-using existing channels
· Common design with single beam operation case
	· New channel design required
· Different design from single beam operation case

	Flexibility of multiplexing with other signals/channels
	· Mandated specific beam(s) for paging 
· Scheduling restriction to other FDMed PDCCH/PDSCH
	· Mandated beam sweeping in the dedicated paging blocks

· Scheduling restriction to other FDMed signals/channels

	Expected duration for one  paging message 
	· Long

· TDD longer than FDD
	· Short

	Flexibility of TX parameters (#RBs, MCS, etc.)
	· Same as PDCCH/PDSCH
	· Limited (may depend on the final design)

	Variable payload size support
	· Same as PDCCH/PDSCH
	· Limited (Need special design to support variable payload size)


In summary, PDSCH based paging message transmission reuses existing channel design and requires less standardization efforts, and the longer paging delay is not critical considering the long DRX cycle. Therefore, PDSCH based paging message transmission is preferred and can be considered as the baseline, unless any critical issue is identified.
Proposal 1: Consider NR-PDSCH for paging message transmission. 
3. Paging Indication

In the paging channel design options, it is observed that some options consider paging indication before paging message transmission, e.g., in Opt-2 and Opt-5. During online/offline discussions in last RAN1 meeting, it was clarified that the paging indication may indicate the presence of the paging message transmission. This may enable UEs to skip receiving paging message in case that there is no paging message transmission. It is noted that this kind of paging indication can also be applied in other options, e.g., Opt-1 and Opt-3. However, this mandates UEs to always receive the channel (e.g., PBCH or other channels) carrying paging indication. It is doubtable about the necessity and benefit of receiving paging indication compared to for example receiving paging DCI considering that the payload size of PBCH/other channels is generally larger than a paging DCI. Therefore, it is not preferred to consider additional paging indication unless any benefit is identified.
Proposal 2: The necessity and benefit of paging indication need further clarification and more study. 

4. Paging Parameters

In previous RAN2 meetings [4], there were following agreements on 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.


In our view, the paging occasion can consists of a single time slot (TS) in single beam system, and multiple time slots in multiple beam system, where beam sweeping is operated for paging transmission. The examples are shown in Fig. 1 and Fig. 2 respectively.
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Figure 1: Paging operation in single beam system
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Figure 2: Paging operation in multiple beam system
Considering the possibility of multiplexing paging transmission with SS blocks, it is possible to consider DRX cycle as a functionality of the SS block periodicity. It is noted this does not guarantee that paging transmission is always possible to be multiplexed with SS block. This may further depend on the final design of SS block, minimum system BW, and required paging capacity, etc. 

Proposal 3: The DRX cycle can be a functionality of the SS block periodicity.

5. Conclusions
In this contribution, the design considerations of NR paging channel are discussed. In summary, the proposals are as follows:
Proposal 1: Consider NR-PDSCH for paging message transmission. 
Proposal 2: The necessity and benefit of paging indication need further clarification and more study. 

Proposal 3: The DRX cycle can be a functionality of the SS block periodicity.
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