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1. Introduction
During the last meeting, RAN1 agreed that the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI can be conveyed via RMSI. RAN1 also agreed that the default association between SSB index and monitoring window of PDCCH containing a paging DCI is same as that between SSB index and its RMSI monitoring window.
	Agreements:[1]
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.




This article focuses on how network can configure paging frame and occasion to ensure default association between SSB index and monitoring window of PDCCH containing a paging DCI.

2. Paging Configuration for default association between SSB Index and monitoring window of PDCCH containing paging DCI
2.1 Association patterns between Synchronization Signal and RMSI Monitoring Window

RAN1 has define three association patterns between SSB and RMSI monitoring window. Figure 1 shows these three association patterns. 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.
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Figure 1: Different association patterns between synchronization signal and RMSI
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]. Besides, pattern 3 is only applicable if SSB and RMSI use same numerology [2].
Observation 1: 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 2: 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 1: 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.
2.2 General guidelines for default association between SSB and monitoring window of PDCCH containing paging DCI

Figure 2 shows default association between SSB and monitoring window of PDCCH containing paging DCI for different multiplexing patterns between SSB and RMSI monitoring window. Due to the RAN1 agreement mentioned before, this association should be same as that between SSB and RMSI monitoring window for both patterns.
Note that, the periodicity of SSB to RMSI monitoring window association also influence the configuration of paging frame and occasion. For example, with SSB to RMSI monitoring window multiplexing pattern 1, association between SSB and monitoring window containing RMSI PDCCH gets repeated after 20 ms. Hence, during default association between SSB and monitoring window of PDCCH containing paging DCI with this multiplexing pattern, network can support at most one paging occasion in every two radio frames. 
On the other hand, with SSB to RMSI monitoring window multiplexing pattern 2 and 3, association between SSB and monitoring window containing RMSI PDCCH gets repeated after every SSB periodicity. Note that, SSB periodicity can be 5, 10 or 20 ms in stand-alone mode. Hence, during default association between SSB and monitoring window of PDCCH containing paging DCI with these multiplexing patterns, network can support at most (20/SSB_periodicity) paging occasions in every two radio frames.
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Figure 2: Default association between synchronization signal and monitoring window containing of PDCCH containing paging DCI for different multiplexing patterns between SSB and RMSI monitoring windw

Observation 3: For pattern 1, Association between SSB and monitoring window containing RMSI PDCCH gets repeated after 20 ms.
Observation 4: For both pattern 2 and 3, association between SSB and monitoring window containing RMSI PDCCH get repeated after every SSB periodicity.
· SSB periodicity can be 5, 10 or 20 ms in stand-alone mode.
Proposal 2: For default association between SSB index and monitoring window of PDCCH containing paging DCI, network configures paging frame and occasions according to the RMSI monitoring window pattern.
· e.g. In pattern 1, network supports at most one paging occasion in every two radio frames
· In pattern 2 and 3, network supports at most (20/SSB_periodicity) paging occasions in every two radio frames.

2.3. Specific Example of Default Association between Synchronization Signal and Monitoring Window of PDCCH containing Paging DCI 




2.3.1. Association between Synchronization Signal and RMSI Monitoring Window for Multiplexing Pattern 1 and FR2 Band

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 . For SS/PBCH block with index , the UE determines an index of slot  as  located in a frame with system frame number (SFN)  satisfying  if  or in a frame with SFN satisfying  if .  and  are provided by Tables 13-11 and 13-12, and  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  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
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	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
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	

{0, if  is even}, {7, if  is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	

{0, if  is even}, {7, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	

{0, if  is even}, {7, if  is odd}

	6
	0
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	7
	2.5
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	8
	5
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	

 {0, if  is even}, {7, if  is odd}

	11
	7.5
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved


“
2.3.2. Paging Frame and Occasion Configuration in LTE

In LTE, the paging frame and occasion are given by the following equation [3]:
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to the paging occasion (PO) from subframe pattern defined in Table 1 is derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
where
T: DRX cycle of the UE. 
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256,.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	UE_ID: IMSI mod 1024, 
				
Table 3: 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



2.3.3 Default Association between Synchronization Signal and Monitoring Window of PDCCH Containing Paging DCI for multiplexing pattern 1

Proposal 3: Default association between synchronization signal block with index i and monitoring window of PDCCH containing paging DCI for multiplexing pattern 1 is given below:
· Paging frame is given by following equation:
· SFN = SFNBar + 
· Where, SFNBar mod T= (T div N)*(UE_ID mod N)
· Default i_s pointing to paging occasion is 0.
· The slot containing monitoring window within the paging occasion can be derived from following calculation:
· 
· 


 and  are provided by Tables 13-11 and 13-12 of 38.213, and  based on the subcarrier spacing for PDCCH receptions in the control resource s
· T: DRX cycle of the UE. 

· nB: T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256,

· Unlike LTE, nB = T, 2T and 4T are not used for default association with multiplexing pattern 1. This ensures that there is only one paging occasion within every two radio frames

· N: min(T,nB), Ns: max(1,nB/T), UE_ID: IMSI mod 1024.

3. Conclusion
Observation 1: 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 2: 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.
Observation 3: For pattern 1, Association between SSB and monitoring window containing RMSI PDCCH gets repeated after 20 ms.
Observation 4: For both pattern 2 and 3, association between SSB and monitoring window containing RMSI PDCCH get repeated after every SSB periodicity.
· SSB periodicity can be 5, 10 or 20 ms in stand-alone mode.

Proposal 1: 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 2: For default association between SSB index and monitoring window of PDCCH containing paging DCI, network configures paging frame and occasions according to the RMSI monitoring window pattern.
· e.g. In pattern 1, network supports at most one paging occasion in every two radio frames
· In pattern 2 and 3, network supports at most (20/SSB_periodicity) paging occasions in every two radio frames.
Proposal 3: Default association between synchronization signal block with index i and monitoring window of PDCCH containing paging DCI for multiplexing pattern 1 is given below:
· Paging frame is given by following equation:
· SFN = SFNBar + 
· Where, SFNBar mod T= (T div N)*(UE_ID mod N)
· Default i_s pointing to paging occasion is 0.
· The slot containing monitoring window within the paging occasion can be derived from following calculation:
· 
· 


 and  are provided by Tables 13-11 and 13-12 of 38.213, and  based on the subcarrier spacing for PDCCH receptions in the control resource s
· T: DRX cycle of the UE. 

· nB: T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256,


· Unlike LTE, nB = T, 2T and 4T are not used for default association with multiplexing pattern 1. This ensures that there is only one paging occasion within every two radio frames.

· N: min(T,nB), Ns: max(1,nB/T), UE_ID: IMSI mod 1024.
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