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1	Introduction
In RAN1#88, the following agreements were made pertaining to paging channel design [1]:
Agreements:
· 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 sent also a reply LS in [2]:
RAN2 would like to thank RAN1 for the LS on paging requirements. RAN2 has discussed the questions asked by RAN1 and would like to provide the following RAN2 inputs:

Q1: The minimum content size for a single paging message? 
A1: In LTE, the minimum content size for a single paging message is about 48bits with octet alignment when single UE is paged with S-TMSI. Note in LTE, multiple UEs (up to 16) can be paged within the same message. If paging is used for other purpose only (e.g. notification of system information modification without paging any specific UE), it can be about 8bits with octet alignment. 

Q2: The requirement on the number of UEs that need to be able to be paged within a certain time period and the scenario?
A2: In LTE, the number of UEs that can be paged per paging DRX cycle can be configured by the network. With the most aggressive network configuration, the number of UEs that can be paged per second is up to 6400. 

RAN2 assumes that the above information based on LTE could be used for initial NR design but the design is not finalized for NR and some new aspects (need to support paging for the UE in inactive state, UE ID size to be decided by SA/CT WGs, or size of e.g. modification notifications, etc.) might impact the numbers above. 

In this contribution we discuss the paging concept for NR.
2	Discussion
2.1	Content size of paging message
Considering some example calculations for the number of symbols required to convey certain paging message size, Table 1 provides examples for above 6GHz case. The Table 1 depicts, the required number of symbols in time domain for certain sized paging messages with QPSK modulation with coding rates of 1/6 and 1/12 when system BW of 80MHz and SCS 120kHz is used.
Table 1: Number of OFDM symbols required per paging message size
	Paging message bits/CR
	“1/6”
	“1/12”

	8 bits (SI change/PWS indication)
	1 symbol
	1 symbol

	160 bits / ~4 UEs
	2 symbols
	3 symbols

	400 bits / ~10 UEs
	3 symbols
	5 symbols



As can be seen from Table 1, the required number of time domain symbols for paging message (assuming the full BW is used) varies in the function of paging message size and used coding rate. Hence, it would be beneficial to be able to adapt the time domain length of the paging message flexibly. Indeed, this could be beneficial with multi-beam system as the same paging content needs to be swept to each direction.
Observation 1: Multi-beam system would benefit of being able to adapt flexibly the time domain length of the paging message.
2.2	Paging design in multi-beam cells
For multi-beam cells where not all the beam directions can be served simultaneously, beam sweeping needs to be applied for the PCH (Paging Channel). Considering the requirements on the paging channel bitrate and possible payload sizes of single paging message defined above, it is beneficial to be able to adapt the paging message size. Using normal slot lengths, however, to sweep through all the beams in a cell would take unnecessary amount of time and resources and is hence not feasible in practice.
One possibility is to use the concept of mini-slots for paging transmissions and hence shorten the sweep considerably if the paging message size was not too large as presented above. This could be applied in conjunction of the solution for single beam cells when the number of beams in a cell is fairly low and the mini-slot “sweep” length would hence fit within the defined PO limits (e.g., within a slot). However, when there is bigger number of beams in the cell, such option might considerably increase the power consumption of the UEs listening to PCH (Paging Channel) as the sweep length would not be deterministic – when the paging message size is large, the paging sweep will last longer spanning over multiple slots than when the paging message size is small, or even when it is non-existing. 
Thus, generally for the multi-beam system, the scheduling information provisioning for the PCH should at least be made deterministic based on which the UE could determine the corresponding PCH transmission resource on the NR-PDSCH. For this purpose, a separate scheduling block sweep with NR-PDCCH could be introduced for the purpose of paging where a DCI is carried scheduling the PCH on NR-PDSCH after the scheduling sweep. Each scheduling block in the sweep could have association to an SS-block in the cell and hence the UE could determine the scheduling block and its transmission timing based on the SS-block timing in the SS sweep and the given paging configuration in the system information. On the other hand, in principle there does not need to be dependency between SS-block and scheduling block and should be discussed whether any advantages can be achieved. For the PCH sweep carried over NR-PDSCH, mini-slot concept could be exploited to accommodate also the fairly small paging message sizes not wasting system resources in time domain with overly long sweep (e.g., by applying always a full slot for each direction). Together this sweep control channel with NR-PDCCH and PCH sweep over NR-PDSCH would form a single PO.
Generally, the sweep control channel as well as the PCH sweep should be able to be combined from block to block to ensure maximal reception reliability by the UEs.
This is illustrated in the Figure 1.

 
Figure 1. Paging in multi-beam cell with multiple PO sweep bursts within one PO.
As can be seen from Figure 1, the PCH sweep for the PO #2 is longer than for PO #0 as there could be more UE IDs to be paged matching the PO #2. However, the control channel sweep is of the same size and thus deterministic for the UE to receive with maximal power saving. It should be noted there may not be anything to be carried in the paging message, in that case the NW should be allowed to schedule normal UL/DL slot allocation to replace both, the control channel sweep as well as PCH sweep.
[bookmark: _Ref474146337]Proposal 1: Separate sweep control channel carrying DCI is defined to schedule variable sized PCH sweep.
[bookmark: _Ref474146342]Proposal 2: Sweep control channel as well as PCH sweep shall be able to be combined from block to block in the receiver.
As in LTE, system information – rather minimum system information – can be used to configure the UEs to listen to the paging through sweep control channel/PCH sweep as well as how frequently such sweep POs exist. Such information is not required before the full minimum system information is determined by the UE, hence, the PBCH/MIB does not need to convey any information pertaining to paging reception.
[bookmark: _Ref474146348]Proposal 3: PBCH does not carry information pertaining to paging reception by the UEs.
As proposed in, e.g., [2], the sweep control channel could be considered to be multiplexed with the SS-block in FDM manner to save additional overhead. However, the overhead reduction would primarily be needed for the systems operating with narrow carrier bandwidths but most likely the FD multiplexing with SS-block is not possible there. Also, the minimum UE bandwidth aspects need also to be taken into account when such optimization is discussed. Furthermore, with such scheme the number of POs would be limited by the SS burst set periodicity which might not always suffice for the amount of paging load in the cell. Thus, for simplicity, RAN1 should primarily consider the separate sweep to be used for the sweep control channel before considering possible optimization by multiplexing with SS-blocks for systems operating with enough wide carrier bandwidths. In any case, NW should have means to configure the sweep control channel to a separate sweep or to the SS-sweep (or even both).
[bookmark: _Ref474146355]Proposal 4: Primarily, separate sweep in time domain is considered for the sweep control channel design in RAN1 and the configurable multiplexing with SS-block can be considered to be used if notable performance gain can be achieved.
On the other hand, one option to consider is also whether to align the POs with the system information transmissions as they need also to be swept over all the beams in the cell. This approach might better exploit the multiplexing gain in frequency and time domain (as muxing with SS-block) as both the paging message and system information message scheduling can be adapted flexibly.
Proposal 5: Discuss whether to align POs with system information transmissions when such is possible.
3	Conclusions 
In this contribution we discussed the paging design for NR system operating with single/sector beam or multi-beam modes. Based on the discussion, we made the following observations and proposals:
Observation 1: Multi-beam system would benefit of being able to adapt flexibly the time domain length of the paging message.
Proposal 1: Separate sweep control channel carrying DCI is defined to schedule variable sized PCH sweep.
Proposal 2: Sweep control channel as well as PCH sweep shall be able to be combined from block to block in the receiver.
Proposal 3: PBCH does not carry information pertaining to paging reception by the UEs.
Proposal 4: Primarily, separate sweep in time domain is considered for the sweep control channel design in RAN1 and the configurable multiplexing with SS-block can be considered to be used if notable performance gain can be achieved.
Proposal 5: Discuss whether to align POs with system information transmissions when such is possible.
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