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1 Introduction

RAN1 sent a LS on Paging Requirements in R2-1700700, asking RAN2 to clarify the following:

· The minimum content size for a single Paging message; and
· The requirement on the number of UEs that need to be able to be paged within a certain time period and the scenario.
In the following we provide some tentative answers to the RAN1 LS, as well as a few additional considerations, based on the agreements reached at RAN1/2 NR AdHoc:

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 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.
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

2 Discussion
Paging message payload

In LTE, one paging message may include multiple paging records (up to 16); each paging record refers to one UE-ID. The UE ID can be either the S-TMSI (40bits) or the IMSI (variable from 6 to 21 digits and typically 64bits). So, in LTE, the payload size for one paging message would range from a minimum of 40 bits to a maximum of:
· 16 S-TMSI: 16*40 = 640bits

· 16 IMSI: 16*64 = 1024bits
Considering also the size of the RRC message header, extension marker and the variable length indicator for IMSI, a few tens of bits need to be added to determine the overall size for one paging message.

Observation 1: The absolute minimum content size for a single paging message in NR is expected to be slightly higher than 40 bits. 
Paging capacity
In LTE, the paging capacity is decided by the parameter nB (broadcasted in SIB2):
	nB
	Paging occasion per frame
	Paging records per second 
(16 records within one PO)

	4T
	4
	6400

	2T
	2
	3200

	T
	1
	1600

	T/2
	½
	800

	T/4
	¼
	400

	T/8
	1/8
	200

	T/16
	1/16
	100

	T/32
	1/32
	50


The requirement on paging capacity can also be seen as a sort of network planning optimization issue. In fact there could be a trade-off between the frequency of tracking area updates and the paging capacity. As the coverage of a tracking area increases, the requirement on paging capacity also increases, while fewer TAUs will be triggered. On the contrary, as the coverage of a tracking area shrink, more relaxed requirements on paging capacity can be expected, while more frequent TAUs will be triggered by the UE.
In NR, considering the introduction of the RRC INACTIVE state, paging will be used to reach UEs in RRC_INACTIVE state as well. Based on the agreements made at the RAN2 NR AdHoc that “A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism used”, the RAN notification procedure should also be considered in the estimation of the paging capacity requirement. However, since the transition to RRC_INACTIVE state basically depends on the network implementation, at the moment is seems quite difficult to estimate the paging capacity requirements for RRC_INACTIVE state. 
With the considerations above, even if it is difficult to estimate the requirement on paging capacity precisely, we think that the paging capacity in NR should at least not be lower than the paging capacity in LTE.
Observation 2: The paging capacity in NR should at least not be lower than the paging capacity in LTE (i.e. up to 6400 paging records per second).
Solution for paging in NR
The specific solution for paging in NR is under discussion in RAN1, where at least the following options are currently being considered:

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
While the decision on the exact mechanism is up to RAN1, it is already clear that the impact of beam sweeping is one of the key aspects to take into account. If, as already agreed by RAN1, multiple narrow DL TX beams are used to transmit the paging in a beam sweeping fashion (where “paging” could also be a paging DCI or a paging indication, depending on the specific option [1]) multiple time slots per paging occasion will have to be considered (as already agreed by RAN2). The same applies also if multiple repetitions of a single wider DL TX beam will be considered by RAN1. 
Depending on the number of beams/repetitions this might greatly increase the paging overhead and delay and then needs to be considered in the RAN1 design. Regarding this, RAN1 is considering at least the following alternatives:

Alt-1: Multiplexing paging with SS blocks

Alt-2: Adding another round of beam sweeping for paging 
If Alt-1 will be adopted, the gNB will transmit the same paging in different SS blocks (e.g. towards different directions) during a SS burst set, i.e. a paging occasion can happen every SS burst set, which RAN1 currently thinks can assume the values [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]. This means that, with beam sweeping, the paging occasion might be quite sparse in NR, also implying that more UEs (than in LTE) might need to share the same paging occasions. And also if Alt-2 will be adopted (increasing the number of paging occasions in a SS burst set) still it is expected that the problem of sparser paging occasions (w.r.t. to LTE) cannot completely solved.
Observation 3: When beam sweeping is used, sparser paging occasions are expected in NR compared to LTE, and then more UEs sharing the same paging occasions.
This might imply that even more than 16 UEs might need to be paged in a single paging message.
Proposal 1: Study the possibility to include more than 16 paging records in a paging message.
3 Conclusion

The following observations and proposals were made. It is suggested to include them in a reply LS to RAN1 on Paging requirements.
Observation 1: The absolute minimum content size for a single paging message in NR is expected to be slightly higher than 40 bits. 
Observation 2: The paging capacity in NR should at least not be lower than the paging capacity in LTE (i.e. up to 6400 paging records per second).
Observation 3: When beam sweeping is used, sparser paging occasions are expected in NR compared to LTE, and then more UEs sharing the same paging occasions.
Proposal 1: Study the possibility to include more than 16 paging records in a paging message.
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