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1 Introduction

In NR, the length of PO would be flexible and even longer than a frame in some cases according to beam number to be swept for paging. The supported PO density would be smaller than that in LTE.

In this contribution, we will evaluate the relation between PO density and paging capacity in NR considering the LTE paging capacity as baseline.
2 Discussion 
In NR, according LS R2-1803989 [1], a maximum of 3000 bits TB size is supported for paging in NR. The UE ID used in paging could be 5G-S-TMSI or I-RNTI. The size of I-RNTI has been agreed as 52 bits in last RAN2 meeting. The 5G-S-TMSI is 40 bits like in LTE, but there also has some discussion of the possibility to extend the 5G-S-TMSI to 48 bits. In this evaluation we assume the 5G-S-TMSI will still be 40bits. Thus the number of UEs per PO would be:
Number of UEs per PO in NR ≤ 57 - 75 UEs ( (3000/52( - (3000/40( )

Considering the overhead of the paging message, the maximum number of UEs in one paging message could be between 56 and 74 in NR.

Proposal 1: the maximum supported number of UE in one paging message is between 56 and 74 in NR depending on the UE identity used in paging message.
In LTE, a maximum of 4 POs per frame with a maximum of 16 paging recorders can be included in one paging message. Thus the paging capacity of LTE is:

Paging capacity of LTE = 4*16 UEs per 10ms.

In NR, depending on the paging UE ID used, the paging capacity may be different. The average paging capacity can be evaluated based on average number of UEs for different UE IDs as below:
Paging capacity of NR = PO number per radio frame * (56+74)/2 per 10ms.It can be seen that one PO per frame in NR would achieve the same maximum paging capacity of LTE. If larger paging capacity is required to be supported, then a larger PO density would be required. Table 1 illustrates the paging capacity of NR depending on the supported PO density:

Table 1 PO density and paging capacity

	Paging capacity in NR
	PO density
	Paging capacity Comparing with LTE

	65 UEs per 10ms
	1 PO per frame
	Same capacity as LTE

	130 UEs per 10ms
	2 PO per frame
	2x capacity of LTE

	260UEs per 10ms
	4 PO per frame
	4x capacity of LTE


Observation 1: to achieve a similar paging capacity as LTE, the required PO density in NR is one PO per radio frame.

Proposal 2:  NR should support a PO density of at least 1 PO per radio frame.
It has been agreed in last RAN2 meeting that “The length of one PO in case of beam sweeping is one period of beam sweeping”. If we assume that in each slot we will only transmit Paging DCI for 1 beam, then to support a density of one PO per radio frame would require a number of slots in a radio frame equal to the number of beams. For example, in the case of SCS 15 KHz and L=8, the length one PO would require 8 slots (8 msec.) In other words, one PO could encompass 80% of the slots in the radio frame.  
For TDD, there is a need to leave gaps in a PO for UL slots [2]. Then the actual PO length would be even longer. It can be seen that one PO per radio frame may not be possible for some NR numerologies, unless more than one PO is supported in one slot (more than 1 paging DCI can be transmitted in the same slot). 

Observation 2: one PO per frame is not guaranteed for all NR numerologies, if we assume 1 paging DCI (1 PO) per slot.
To achieve a paging capacity at least equal to that of LTE, for all NR numerologies, there is a need to support more than 1 PO in the same DL slot. For example, FDMed POs could be considered as proposed in [2].

Proposal 3: RAN2 should discuss how to achieve a paging capacity at least equal to that of LTE for al NR numerologies.
3 Conclusion
In this contribution, we evaluated the paging capacity in NR, and propose:
Observation 1: to achieve the similar paging capacity as LTE, the required PO density in NR is one PO per frame.

Observation 2: one PO per frame is not guaranteed for all NR numerologies, if we assume 1 paging DCI (1 PO) per slot.
Proposal 1: the maximum supported number of UE in one paging message is between 56 and 74 in NR depending on the used UE identity in paging message.
Proposal 2: NR should support a PO density of at least 1 PO per radio frame.

Proposal 3: RAN2 should discuss how to achieve a paging capacity at least equal to that of LTE for al NR numerologies.
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