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1. Introduction
RAN2#101 has discussed paging operation in Idle/Inactive mode for NR and made the following agreements [1]:
Agreements

1
RAN2 confirms RAN1 agreements that paging mechanisms similar to option2, 3 and 4 (as defined by RAN1) will not be supported in Rel-15 

2
Paging messages include the full UE id as in LTE 

FFS Whether truncated UE ID could optionally be used in the case of FR2

Agreements

1: 
The length of one PO in case of beam sweeping is one period of beam sweeping 

2: 
The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.

3:
The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)

4:
PO can be TDMed or FDMed with an SS block

Agreements

1
Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID

Even though it was agreed that the UE determines a paging time by deriving a paging frame (PF) and a paging occasion (PO), how this calculation is done has not been concluded. In this contribution, we propose a formula, based on LTE framework but with necessary adjustments for NR. 

2. Discussion
It was already agreed in RAN2#98 that an S-TMSI type identifier will be used for paging time determination by the UE in Idle/Inactive mode as follows:
1. Use the same paging occasion calculation mechanism for UEs in inactive as for UEs in idle.

2. The same input derived from CN UE ID and the same calculation equation is used to calculate the paging occasion for RAN-initiated paging and CN-initiated paging.

In the above agreements, it is not explicitly stated that the CN UE ID is 5G-S-TMSI so it would be good to confirm this first.
Proposal 1: The CN UE ID used as an input for paging occasion calculation in Idle/Inactive will be 5G-S-TMSI.

One of the differences between LTE and NR paging are regarding the allocation of subframes (or slots in NR) for paging and usage of multiple beams in NR. For the latter, RAN2 already agreed that the same paging message will be sent in all beams and a paging occasion will include all such beams.
In LTE, in a given frame, up to 4 subframes (subframe 0, 4, 5, and 9) can be allocated for paging. However, in NR, the locations are tied to the NR-SS (SSB) locations.

RAN1 has agreed that the association between SSB and monitoring window for PDCCH containing paging DCI can be conveyed via RMSI but the default association would be same as between SSB and RMSI. An LS was sent to RAN2 [2].
The association between SSB and RMSI (which would also be the default one for paging) as copied from TS 38.213 is shown in the Annex. The table here was produced by RAN1 without any RAN2 involvement. It is not clear how RAN2 can come up with a similar table and compare its benefits and cons to the default table without any RAN1 involvement. Therefore, using the existing default association seems to be the logical option, also considering the remaining time for the WI. An additional benefit of using the default association it not introducing any new signaling in RMSI. However, this does not mean that additional paging occasions can not be introduced in the future. Depending on the TBS size limitation for paging (to be determined by RAN1), if the paging capacity is deemed to be insufficient, RAN2 can work with RAN1 to allow more paging opportunities.

Proposal 2: 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).
Observation 1: RAN2 can work with RAN1 to increase paging capacity via more paging opportunities if necessary.
The different association patterns between SSB and RMSI in 38.213 are shown in Figure 1 below.
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Figure 1: Different association patterns between synchronization signal and RMSI
As shown here 1, RAN1 has defined three association patterns between SSB and RMSI monitoring window. In pattern 1, synchronization signal, RMSI CORESET and RMSI PDSCH are time division multiplexed. In pattern 2, synchronization signal and RMSI PDSCH are frequency division multiplexed but synchronization signal and RMSI CORESET are time division multiplexed. In pattern 3, synchronization signal is frequency division multiplexed with both RMSI CORESET and RMSI PDSCH.

Note that, pattern 2 and pattern 3 are only applicable for FR2. In other words, only pattern 1 can be configured in sub-6 GHz, whereas any of pattern 1, 2 and 3 can be configured for over-6 GHz [2]. In addition, pattern 3 is only applicable if SSB and RMSI use same numerology [2].

Observation 2: Only time division multiplexing between SSB and RMSI PDCCH monitoring window is allowed in sub-6 GHz. Both time and frequency division multiplexing of SSB and RMSI PDCCH monitoring window are allowed in over-6 GHz.

Observation 3: In over-6 GHz, multiplexing pattern 3, where SSB and RMSI PDCCH monitoring window occur in same time instance, can be configured only if SSB and RMSI PDCCH share same numerology.

Based on these, synchronization signals and paging PDCCH monitoring window can occur in same time instances only in over-6 GHz and only if SSB and paging PDCCH share same numerology. 

Proposal 3: Synchronization signals and monitoring window of PDCCH containing paging DCI can occur in same time instances only in over-6 GHz and only if SSB and paging PDCCH share same numerology.
For NR, the same PF and PO calculations used in LTE can be used as the basic framework. Since SSBs are sent with fixed periodicity and the time distance between SSB and paging DCI are different for FR1 and FR2, this can be done in two steps: first finding the SFN of the SSB which will be used for paging DCI reception and then adding the time distance to the DCI:
SFN_PF = SFN_ssb + delta_ssb_dci

SFN_ssb mod T= (T div N)*(UE_ID mod N)
T: DRX cycle of the UE. 
nB: number of total paging occasions in T
N: min(T,nB)

UE_ID: IMSI mod 1024, 
For pattern 2 and 3 multiplexing, delta_ssb_dci = 0. 
For pattern 1 multiplexing, delta_ssb_dci = [image: image3.png](02" + li-
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 based on the subcarrier spacing for PDCCH reception.

For PO calculation, the same idea of distributing the paging occasions in the PF as in LTE can be used. In LTE, depending on how many subframes are configured for paging, the index is given by the following table (copied from 36.304):
Paging occasion calculation in LTE

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Here Ns = max(1,nB/T) and i_s = floor(UE_ID/N) mod Ns.

In NR, since the PDCCH locations for paging DCI are linked to SSB, the number of paging occasions depends on the periodicity of the SSB. The allowed values for SSB periodicity are 5ms, 10ms, and 20ms. For  pattern 1 multiplexing, where SSB and RMSI PDSCH are TDM’ed, the periodicity of RMSI is 20 ms irrespective of SSB periodicity which would also be applicable to paging. For pattern 2 and 3, all periodicities are allowed.
Observation 4: The maximum value of nB is 2T, T, and T/2 for paging opportunity periodicities of 5ms, 10ms, and 20ms respectively. For pattern 1, paging opportunity periodicity can only be 20ms.

The minimum value of nB depends on the minimum value for T since there should be at least on paging occasion in every T. For example, if the same minimum value of 320ms of LTE is used in NR, then the minimum value of nB would be T/32.

For SSB periodicities of 10ms and 20ms, the SSB location is always at slot 0 of the frame. For periodicity of 5ms, it could be at either slot 0 or at 5ms location. The same formula of LTE where Ns = 1 or 2 can also be used for NR. Thus, the slot for paging DCI is given as follows:

slot_PO = i_s * (number of slots in 5ms)

i_s = floor(UE_ID/N) mod Ns
Ns = max(1,nB/T)

We note that slot_PO gives the starting slot for monitoring PDCCH and the UE shall monitor also slot_PO +1 as captured in 38.213.
3. Conclusion
In this contribution, we discussed how paging occasions can be calculated for NR in Idle/Inactive mode and propose the following:

Proposal 1: The CN UE ID used as an input for paging occasion calculation in Idle/Inactive will be 5G-S-TMSI.

Proposal 2: 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).

Observation 1: RAN2 can work with RAN1 to increase paging capacity via more paging opportunities if necessary.

Observation 2: Only time division multiplexing between SSB and RMSI PDCCH monitoring window is allowed in sub-6 GHz. Both time and frequency division multiplexing of SSB and RMSI PDCCH monitoring window are allowed in over-6 GHz.

Observation 3: In over-6 GHz, multiplexing pattern 3, where SSB and RMSI PDCCH monitoring window occur in same time instance, can be configured only if SSB and RMSI PDCCH share same numerology.

Proposal 3: Synchronization signals and monitoring window of PDCCH containing paging DCI can occur in same time instances only in over-6 GHz and only if SSB and paging PDCCH share same numerology.
Observation 4: The maximum value of nB is 2T, T, and T/2 for paging opportunity periodicities of 5ms, 10ms, and 20ms respectively. For pattern 1, paging opportunity periodicity can only be 20ms.

Proposal 4: Adopt the following calculation for SFN of PF and starting slot of PO:
SFN_PF = SFN_ssb + delta_ssb_dci

SFN_ssb mod T= (T div N)*(UE_ID mod N)
slot_PO = i_s * (number of slots in 5ms)

T: DRX cycle of the UE. 
nB: number of total paging occasions in T
N = min(T,nB)

UE_ID = 5G-S-TMSI mod 1024
i_s = floor(UE_ID/N) mod Ns
Ns = max(1,nB/T) 
delta_ssb_dci = 0 for FR2

delta_ssb_dci = [image: image8.png](02" + li-
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Annex

Association between Synchronization Signal and RMSI Monitoring Window for Multiplexing Pattern 1 

The association between synchronization signal and RMSI monitoring window containing PDCCH is defined in the following way in 38.213:

“For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots starting from slot 
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 are provided by Tables 13-11 and 13-12, and 
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 based on the subcarrier spacing for PDCCH receptions in the control resource set [4, TS 38.211]. The index for the first symbol of the control resource set in slot 
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 is the first symbol index provided by Tables 13-11 and 13-12.

Table 13-11 of 38.213: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
	Index
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	Number of search space sets per slot
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	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if 
[image: image27.wmf]i

 is even}, {
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 is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	{0, if 
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 is even}, {
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, if 
[image: image32.wmf]i
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	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if 
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 is even}, {
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	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	{0, if 
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	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2


Table 13-12 of 38.213: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 2
	Index
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	Number of search space sets per slot
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	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if 
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 is even}, {7, if 
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 is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if 
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 is even}, {7, if 
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 is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if 
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 is even}, {7, if 
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 is odd}

	6
	0
	2
	1/2
	 {0, if 
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 is even}, {
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 is odd}

	7
	2.5
	2
	1/2
	 {0, if 
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[image: image51.wmf]CORESET

symb

N

, if 
[image: image52.wmf]i
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	8
	5
	2
	1/2
	 {0, if 
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	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if 
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 is even}, {7, if 
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	11
	7.5
	2
	1/2
	 {0, if 
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 is even}, {
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	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved
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