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Introduction
In the last meeting, following agreements regarding paging have been made:   
Agreements of PO/PF calculation:
1	As a baseline, the association between SSB and monitoring window of PDCCH containing Paging DCI will be same as that between SSB index and its RMSI monitoring window (as defined in TS 38.213). It means the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window.

This contribution provides considerations on NR paging capacity assuming default association.
Discussion on issue of paging PDCCH and PDSCH limitation 
 Paging PDCCH Capacity
Based on the agreement of PDCCH monitoring of RMSI and paging that made in RAN1 and RAN2, there is possible collision of PDCCH of RMSI and PDCCH for paging, since RMSI and paging message share the same CORESET configuration defined in the initial active DL BWP. 
Table 1 is the maximum number of PDCCH candidates per CCE aggregation level for common search space sets configured by searchSpace-SIB1, defined in TS38.213 [1].
Table 1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for common search space sets configured by searchSpace-SIB1
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



According to the RMSI CORESET resource set candidates (in {RBs, symbol}) described in TS38.213 [1] and PDCCH candidate limitation in Table 1, the possible number of candidates for RMSI and Paging in the same CORESET as defined for RMSI can be calculated  as shown in Table 2.
Table 2: Number of Candidates（RMSI，Paging）per CCE aggregation level per CORESET associated with RMSI
	[bookmark: _Hlk513737217]CCE Aggregation Level
	CORESET{RBs, symbol}

	
	{24,2}
	{24,3}
	{48,1}
	{48,2}
	{48,3}
	{96,1}
	{96,2}
	{96,3}

	
	Number of Candidates（RMSI,Paging）

	4
	（1,1）
	（1,2）
	（1,1）
	（1,3）
	（2,4）
	（1,3）
	（4,4）
	（4,4）

	8
	（1,0）
	（1,0）
	（1,0）
	（1,1）
	（1,2）
	（1,1）
	（2,2）
	（2,2）

	16
	（0,0）
	（0,0）
	（0,0）
	（1,0）
	（1,0）
	（1,0）
	（1,1）
	（1,1）



It can be seen that with high CCE aggregation level, especially when the aggregation level is 16, majority CORESET configurations cannot support simultaneous transmission of PDCCH for both RMSI and paging. It means that under many configurations, if keep the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window, there is no space in CORESET for paging PDCCH transmission.
Observation 1: With high CCE aggregation level, especially when the level is 16, if keep the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window, there is no space in CORESET for paging PDCCH transmission.
Paging PDSCH capacity 
In this section, the paging PDSCH capacity is defined as the number of UEs which can be paged in a certain time interval, and at first we need to determine the number of UEs which can be paged in one PO, which is related to the maximum TB size for this message.
The maximum TB size is determined by resource allocation for PDSCH, modulation order and code rate. TB size can be calculated as below (note that the overhead for reference signaling is not taken into account yet, if the overhead is counted in considering practical transmission, the TBS is even smaller):
TB size for paging=RE number* Modulation Order*code rate – RMSI TB size= RB number*subcarrier number*symbol number* Modulation Order*code rate – RMSI TB size
Resource allocation for PDSCH scheduled using CORESET #0 and different pattern has been agreed in RAN1#92bis meeting [2], as shown in Table 3, Table 4 and Table 5.
[bookmark: OLE_LINK5]Table 3: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 1
	L
	DL-DMRS-typeA-pos
	PDSCH mapping type
	K0
	S
	L

	0
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	1
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	2
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	3
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	4
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	5
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	6
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	7
	x
	Type B
	0
	5
	7

	8
	x
	Type B
	0
	5
	2

	9
	x
	Type B
	0
	9
	2

	10
	x
	Type B
	0
	12
	2

	11
	x
	Type A
	0
	1
	13

	12
	x
	Type A
	0
	1
	6

	13
	x
	Type A
	0
	2
	4

	14
	x
	Type B
	0
	4
	7

	15
	x
	Type B
	0
	8
	4



Table 4: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 2
	I
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	2
	2

	1
	Type B
	0
	4
	2

	2
	Type B
	0
	6
	2

	3
	Type B
	0
	8
	2

	4
	Type B
	0
	10
	2

	5
	Type B
	1
	2
	2

	6
	Type B
	1
	4
	2


Table 5: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 3
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	4
	2

	1
	Type B
	0
	6
	2

	2
	Type B
	0
	8
	2

	3
	Type B
	0
	10
	2



Here, K0 is the slot offset from PDCCH to PDSCH. When K0=1, it means cross-slot scheduling is supported. From the resource allocation tables, it is observed that cross-slot scheduling is only supported in Pattern 2. S is the starting symbol relative to the start of the slot, and L means the number of consecutive symbols counting from the symbol S. 
1． When K0=0 
Assuming that RMSI bandwidth is 30 KHz, since it is a typical configuration, the maximum number of CORESET RB is 48. Considering the requirement of coverage, here we use the lowest code rate. Then we can get the maximum TB size (when Pattern 1 is used):
TS size=48 *12*13*2*0.1171875=1755 bits
Meanwhile, RAN1 has agreed that the minimum TB size for RMSI is 1700 bits in RAN1#92bis meeting, but it is calculated assuming that RMSI is transmitted for 8 times repetition in a TTI, that is to say, only 1700/8=213 bits are transmitted per each TTI. Thus, the maximum TB size left for Paging is 1755-213=1542 bits.
In NG-RAN, the paging could be CN or RAN initiated. For CN initiated paging, the UE identity will be 5G-S-TMSI which was agreed to be 48 bits. For RAN initiated paging, the UE identity will be I-RNTI which is 52 bits. If these two cases are the same in NR, the maximum number of UEs can be paged in one PO of NR is 1542/48=32 or 1542/52=29. For Pattern 1, the SSB periodicity is 20ms, it is to say only 32/29 UEs can be paged per 20ms.
In LTE, it is possible to configure up to 4 POs in one frame, and maxPageRec included in the paging message for Idle mode UEs is 16. Therefore, up to 128 UEs can be paged in 20ms, which is much larger than NR.
2． K0=1
Only in Pattern 2, K0 can be 1. According to Table 1, when CORESET configuration is {96,2}, there could be two PDCCH candidates for paging, one is used for scheduling PDSCH in the same slot, and the other is used for scheduling PDSCH in the next slot.
Therefore, the maximum number of UEs should be ((96*12*2*2*0.1171875)*2-213)/48=18 or ((96*12*2*2*0.1171875)*2-213)/52=16.
For Pattern 2, even when SSB periodicity is configured to 5ms, 2 POs are configured in a frame, NR capacity is still worse than LTE capacity.
Observation 2: Paging capacity for NR is worse than paging capacity for LTE.
The default association of SSB and paging monitoring windows limits the number of PO, and further limits the paging capacity. Therefore, more PO should be considered.
Proposal      1: If only support the default association of SSB and paging monitoring windows, NR paging capacity is worse than that of LTE. It is necessary to support the PF/PO design to associate with the paging PDCCH search space configured in RMSI.
Conclusions
In summary, our considerations and recommendations are list below:
Observation 1: With high CCE aggregation level, especially when the level is 16, if keep the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window, there is no space in CORESET for paging PDCCH transmission.
Observation 2: Paging capacity for NR is worse than paging capacity for LTE.
Proposal      1: If only support the default association of SSB and paging monitoring windows, NR paging capacity is worse than that of LTE. It is necessary to support the PF/PO design to associate with the paging PDCCH search space configured in RMSI.
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