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1 Introduction

In RAN2 #101, mechanisms to derive PO were discussed and following agreement was made:

In this contribution we discuss how UE derives a reference frame and relative to that a paging occasion based on UE ID.
2 Discussion
2.1 Candidate POs based on Default Association

RAN1 has discussed the paging design and has agreed the following in the RAN1#AH_1801 regarding the monitoring occasions for paging.

According to the above agreements, by default the occasions for monitoring PDCCH containing a Paging DCI is same as the occasions for monitoring PDCCH scheduling RMSI. So, in order to determine the candidate locations of POs, it is important to understand the details of PDCCH monitoring occasions for RMSI. RAN1 has defined three patterns for multiplexing RMSI with SSB shown in Figure 1 below.
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Figure 1
· “Pattern 1” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET overlap

· “Pattern 2” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap

· “Pattern 3” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in the same time instance, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap
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Figure 2A RMSI is FDMed with SSB
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Figure 2B RMSI is not FDMed with SSB
Figure 2A and Figure 2B shows the PDCCH monitoring occasions for RMSI and SSBs for pattern 3 and pattern 1 respectively. Table 1 provides further details of RMSI PDCCH monitoring occasions for various patterns. Depending on the pattern, a set of PDCCH monitoring occasions for RMSI are located at in interval of 20ms or SS burst set period [3]. Note that there is one PDCCH monitoring occasion for RMSI corresponding to each TX beam (i.e. SSB). The length of one PDCCH monitoring occasion corresponding to a SSB can be one or 2 slots depending on the pattern. The SFN(s) in which PDCCH monitoring occasions are located also depends on the pattern. All the patterns are not supported on all the carrier frequencies. The pattern used is configured using parameter PDCCHConfigSIB1.
Table 1
	Patterns
	PDCCH Monitoring Ocassions Interval
	Length of PDCCH Monitoring Occasion per SSB
	SFN in which PDCCH Monitoring Occasions are located
	Carrier Frequency

	Pattern 1
	Every 20ms
	2 consecutive slots
	a) SFN mod 2 = 0 for all SSBs OR

b) SFN mod 2 = 0 for some SSBs and SFN mod 2 = 1 for others.
	FR1, FR2

	Pattern 2/3
	SS burst set period
(5, 10, 20, 40, 80, 160) ms
	1 slot
	SFN in which SS burst set is transmitted. (Note: SS burst set can be transmitted in any radio frame of SS burst set period. 

In case of SS burst set period of 5 ms, PDCCH monitoring occasions are located in both half frames of every radio frame
	FR2


Based on the default association between RMSI occasions and occasions for paging DCI and Table 1, we can observe the following:

Observation 1: PO can be located at every 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. 
Observation 2: Multiple POs (up to 2) can be there within one radio frame. 
Observation 3: All the radio frames in which PO(s) are located have same number of POs.
Observation 4: One PO can also span multiple radio frames. 
In addition to default association between RMSI occasions and occasions for paging DCI, RAN1 is also considering option where RMSI occasion and occasions for paging DCI can be different. However, which slots constitute a PO, starting slot corresponding to each SSB in PO, starting symbol corresponding to each SSB in PO is not defined yet. Given the current schedule, it may be better to focus on the design based on default association.
Observation 5: RAN1 is also considering option where RMSI monitoring occasions and occasions for paging DCI can be different. However, which slots constitute a PO, starting slot corresponding to each SSB in PO, starting symbol corresponding to each SSB in PO is not defined yet for this option.
2.2 Reference Radio Frame for PO Determination
UE first derive the reference frame i.e. the radio frame in which the first slot of the PO monitored by it is located. We can re-use the method used to determine PF in LTE (see appendix for LTE details) for determining the reference frame with slight modification. 

According to observation 1, PO can be located at every 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. So nB can be set to 2T, T, T/2, T/4, T/8, and T/16 respectively. For NB < T, the equation used in LTE always locates PO in even radio frames. However in NR, for the case when paging DCI is FDMed with SSB, the PO should be located in radio frame (odd or even) in which SS burst set is transmitted. For e.g. for SS burst set period of 20ms, network can transmit SS burst set in odd radio frame or in even radio frame. To allow the FDM of paging DCI and SSB, an offset needs to be introduced in the equation as shown below:
The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)

Where,   
Offset: 0 for nB >=T, 0...1 for nB =T/2; 0...3 for nB=T/4; 0...7 for nB = T/8; and 0…15 for nB = T/16
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)
UE_ID: IMSI mod 1024.
Proposal 1: The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)
Where, 

T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)

UE_ID: IMSI mod 1024.

Offset: 0 for nB >=2T, 0...1 for nB =T/2; 0...3 for nB=T/4; 0...7 for nB = T/8; and 0…15 for nB = T/16
Proposal 2: Parameters nB, length of default DRX Cycle and offset is signaled in system information.
2.3 PO Determination within the Reference Radio Frame 

According to observation 2, there can be one or two POs within a radio frame. PO is the set of PDCCH monitoring occasions for RMSI. For nB = 2T, there are two POs within a radio frame, one in first half frame of radio frame and another second half frame of radio frame. We can re-use the LTE method to determine the PO monitored by UE amongst the multiple POs in a radio frame. 

The UE monitors the PO pointed to by index i_s in Table 2, where i_s is derived from the following equation:
i_s = floor (UE_ID/N) mod Ns
where, Ns = max (1, nB/T);
Table 2

	Ns
	PO when i_s = 0
	PO when i_s = 1

	1
	PO is the set of PDCCH monitoring occasions for RMSI, where the first monitoring occasion starts in determined reference radio frame.
	N/A

	2
	PO is the set of PDCCH monitoring occasions for RMSI in 1st half frame of determined reference radio frame.
	PO is the set of PDCCH monitoring occasions for RMSI in 2nd half frame of determined reference radio frame.


Proposal 3: The UE monitors the PO pointed to by index i_s, where i_s is derived from the following equation:

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

For Ns = 1 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI, where the first monitoring occasion starts in determined reference frame;
For Ns = 2 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI in 1st half frame of determined reference frame;
For Ns = 2 and i_s = 1, PO is the set of PDCCH monitoring occasions for RMSI in 2nd half frame of determined reference frame;
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)
Where, 

T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)

UE_ID: IMSI mod 1024.

Offset: 0 for nB >=2T, 0...1 for nB =T/2; 0...3 for nB=T/4; 0...7 for nB = T/8; and 0…15 for nB = T/16
Proposal 2: Parameters nB, length of default DRX Cycle and offset is signaled in system information.
Proposal 3: The UE monitors the PO pointed to by index i_s, where i_s is derived from the following equation:

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

For Ns = 1 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI, where the first monitoring occasion starts in determined reference frame;

For Ns = 2 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI in 1st half frame of determined reference frame;

For Ns = 2 and i_s = 1, PO is the set of PDCCH monitoring occasions for RMSI in 2nd half frame of determined reference frame;
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5 Appendix

5.1 Paging in LTE (as specified in section 7.1 of 36.304)
In UE perspective, UE monitors a specific PO of a specific PF every DRX cycle.

-           PO is a subframe and carries DCI and PDSCH for paging message.
-           PF is a radio frame

-        UE derives the PF and the PO based on UE ID, DRX cycle and signaled value ‘nB’. The basic idea is to assign a PO/a PF to UEs with the equal probability when there are multiple POs/PFs per DRX cycle. 
In system perspective, the number of POs per default DRX cycle is controlled by nB 

-        nB = number of POs in a default DRX cycle
-           T = default DRX cycle

-           T and nB are broadcast in PCCH-config

-           N = min(T, nB), defines the number of PFs per DRX cycle

-           Ns = max(1, nB/T), defines the number of POs per PF

-           Based on UE ID, UEs are evenly distributed in the POs over a DRX cycle.

Table 1 below shows the distribution of PFs in variation of nBs (with default DRX cycle of 256). Integer in the rectangular is SFN.
Table 1

	T = 256, nB >=T
	0
	1
	2
	3
	4
	…
	…
	…
	253
	254
	255
	256
	257

	T=256, nB = T/2
	0
	1
	2
	3
	4
	…
	…
	…
	253
	254
	255
	256
	257

	T=256, nB = T/4
	0
	1
	2
	3
	4
	…
	…
	…
	253
	254
	255
	256
	257

	T=256, nB = T/16
	0
	…
	16
	…
	32
	…
	…
	…
	…
	240
	…
	256
	257

	T=256, nB = T/256
	0
	1
	2
	3
	4
	…
	…
	…
	253
	254
	255
	256
	257


The PF for UE is the radio frame for which: SFN mod T= (T div N)*(UE_ID mod N)
Table 2 below shows the distribution of POs in variation of Ns (in FDD). Integer in the rectangular is subframe number.
Table 2
	nB =< T, Ns = 1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	nB = 2T, Ns = 2
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	nB = 4T, Ns = 4
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9


UE monitors the ‘ith’ PO in PF where i = floor (UE_ID/N) mod Ns
RAN2 101 Agreement [1]


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





RAN1 #AH_1801 Agreement [2]


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. 





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.
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