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In RAN2#101 meeting, we made the following agreements.
	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



In RAN2#101bis, consider RAN1 suggestions on the multiplexing between synchronization signal block (SSB) and paging PDCCH monitoring window, we further made the following agreement.
	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.



In this contribution, we discuss the details of PF/PO calculation in NR based on the default association between SSB and monitoring window of PDCCH containing Paging DCI.
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General descriptions
1.1.1 Paging in LTE
The paging in LTE can be summarized as follows.
	PF is determined by: SFN mod T = (T div N)*(UE_ID mod N)
· T: DRX Cycle of the UE
· nB: Total number of POs in a DRX cycle
· N: Number of PFs in a DRX cycle = min (T, nB)
· UE ID: IMSI mod 1024
Then PO is determined by: i_s = floor (UE_ID/N) mod Ns
· Ns: Number of POs in a PF = max (1, nB/T)
· Mapping from i_s to subframe index in PF is pre-defined for each Ns value



Here are some design principles of paging in LTE:
· UEs are distributed across PFs and several POs in a PF, based on UE ID. 
· Several UEs can be mapped to same PO.
· Most to-be-paged UEs should receive paging message on monitored PO. A UE may not receive paging message due to Tx/Rx timing misalignment or insufficient paging capacity. In this case, the UE can monitor PO in next paging cycle.
1.1.2 Paging with beam sweeping in NR
In RAN1#AH_1801 meeting, the following agreements have been made regarding paging DCI monitoring.
	Agreement
· 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.





Fig. 1	SSB and RMSI multiplexing patterns
Based on the RAN1 agreement, the (default) paging PDCCH monitoring behavior can be summarized as follows.
Pattern 1 (TDM)
· Paging PDCCH monitoring occasion appears with interval of 20ms.	
· Length of PDCCH monitoring occasion per SSB: two consecutive slots.	
· The SFN of paging frame: either even SFN for all SSBs, or even SFN for some SSBs and odd SFN for others.
· Can be applied in FR1 or FR2.
An example of SSB and paging occasion in multiplexing Pattern 1 is illustrated below.


Fig. 2	SSB and paging occasion in Pattern 1
Pattern 2 & 3 (FDM)
· Paging PDCCH monitoring occasion appears with interval the same as SSB periodicity.
· Length of PDCCH monitoring occasion per SSB: one slot.
· SFN of paging frame: where SS burst set is transmitted.
· Can only be applied in FR2.
1.1.3 Paging and SS blocks in NR
According to RAN1 design, NR SS burst periodicity can be {5, 10, 20, 40, 80, or 160} ms, and the SS burst may be transmitted in the first or second half of a radio frame (indicated in MIB). The paging cycle in NR has not yet been confirmed. Moreover, since SS burst may not be available frame in NR, the NR paging cycle should be configured as multiples of SSB periodicity. In this way, we ensure that there is a SS burst for UE pre-synchronization before each paging cycle. In fact, the LTE value range of {32, 64, 128, 256} radio frames meets the requirement and can be considered as a baseline.
Proposal 1:	NR paging cycle should be configured as multiples of SSB periodicity. LTE paging cycle value range is considered as baseline.
Distance between SS burst and paging DCI
When paging message is transmitted with “another round of beam sweeping”, the paging DCI may be far from the previous SS block. When SS block periodicity is long, the pre-sync based on a SS block may not assist paging detection much. Also, UE power consumption may increase if it does not go to sleep between SS block and paging. Therefore, a reasonable design should locate paging DCI close enough to the SS block for pre-sync. This can be achieved by either (1) proper network configurations considering real-time conditions (e.g., QCL requirements), or (2) modifying PF formula with fixed duration between SS block and paging DCI. To reduce uncertainty and simplify UE design, the latter is preferred.
For short SS block periodicity (e.g., 5, 10, 20, or 40ms), pre-sync is not a problem since the density of SS bursts is high enough. For longer SS block periodicity (e.g., 80, 160ms), the UE may prefer that only a given number of frames after SS burst can be used as PF. In this case, some adjustment is needed for PF calculation.
Proposal 2:	The duration of PFs after each SSB should be limited. Only a given number of frames after SS burst can serve as PF. The LTE PF/PO calculation formula is modified accordingly.
Proposed PF/PO formula
1.1.4 Paging frame
Regarding PF/PO formula, RAN2 have agreed that “… the UEs derive a reference frame and relative to that a paging occasion based on UE ID.” In other words, a UE determines its PO to monitor in a two-step manner.
Pattern 1 (TDM)
In TDM case, paging DCI monitoring window appears in a 20ms (2 radio frames) interval. This seems to imply a maximum nB (number of paging occasions per DRX cycle) value of T/2 (i.e., one PO every two frames). However, since a paging DCI monitoring window consists of two consecutive slots, if the two slots can be treated as separated POs, we can have equivalently one PO every frame and maximum nB = T. In this case, the reference frame for UE to look for PO may be different from the calculated PF, and the details will be discussed in later sections.
Proposal 3:	In SSB/Paging DCI multiplexing Pattern 1, the two slots in paging PDCCH monitoring window are treated as separated POs, so as to allow maximum nB = T.
Moreover, in TDM case, PF can be any frame unless the frame is too far from previous SSB. We propose a PF calculation and adjustment method for long SSB periodicity by adding some offset to the LTE formula, as described by the following text.
	The PF is determined as radio frame which satisfies:
(SFN + offset) mod T= (T div N)*(UE_ID mod N)
where,   
offset: 0 if SSB periodicity ≤ [40] ms; 0..3 if SSB periodicity = 80 ms; 0..10 if SSB periodicity = 160 ms
nB: T, T/2, T/4, T/8, T/16
Other parameters are defined the same as in LTE.



Proposal 4:	For SSB/Paging DCI multiplexing Pattern 1, introduce an offset to the PF calculation formula for long SSB periodicity. The PF is determined as radio frame which satisfies:
(SFN + offset) mod T= (T div N)*(UE_ID mod N)
where,   
offset: 0 if SSB periodicity ≤ [40] ms; 0..3 if SSB periodicity=80 ms; 0..10 if SSB periodicity=160 ms
nB: T, T/2, T/4, T/8, T/16
Other parameters are defined the same as in LTE.
An example of the proposed method is given in Fig. 3. In this example, SSB periodicity is set as 8 radio frames, SSB offset is 1 frame, so SSB appears when SFN = 1, 9, 17 and so on. We set nB = T/2 so every second frames can be calculated PF using LTE formula. Four frames after the SSB-carrying frame are allowed as PF in each partition of 8 radio frames.


Fig. 3.	PF adjustment for longer SSB periodicity
As a summary, we propose that for SSB periodicity longer than a threshold, only a given number of frames after SS burst can serve as PF. The threshold for SSB periodicity and the number of allowed PFs may be determined by other WGs (RAN1 or RAN4).
Pattern 2 & 3 (FDM)
For Pattern 2 & 3, PO and SSB periodicity can be {5, 10, 20, 40, 80, or 160} ms, and nB can be set to {2T, T, T/2, T/4, T/8, or T/16}, respectively. For NB < T, the PF calculate using LTE equation may not be the SSB-carrying frame. To allow the FDM of paging DCI and SSB, we can also introduce an offset needs to be introduced as proposed in [1]:
	The PF is determined as 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
nB: 2T, T, T/2, T/4, T/8, T/16
  Other parameters are defined the same as in LTE



Proposal 5:	For SSB/Paging DCI multiplexing Pattern 2 and 3, introduce an offset to the PF calculation formula so as to align PF with the SSB-carry frame. The PF is determined as 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
nB: 2T, T, T/2, T/4, T/8, T/16
  Other parameters are defined the same as in LTE
1.1.5 Paging occasion
After locating its PF or aggregated PF, a UE further looks for its paging occasion (PO) in the PF, based on UE ID. For nB ≤T, there is one POs within a radio frame. For nB = 2T, there are two POs within a radio frame. 
Pattern 1 (TDM)
In Pattern 1, paging DCI monitoring window appears in a 20ms (2 radio frames) interval. The location of paging DCI monitoring window (in which radio frame), referred to as the reference frame, is determined by the SSB index and may be different from the calculated PF (with one frame offset). The UE should determine the reference frame first, and then determine the PO in reference frame based on the SFN of (originally) calculated PF. 
· For nB ≤T/2, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame.
· For nB = T: If SFN of calculated PF is odd, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame. If SFN of calculated PF is even, PO is determined as the second slot of RMSI/paging PDCCH monitoring window in the reference frame.
Pattern 2 & 3 (FDM)
· For nB ≤T (Ns=1, i_s=0): PO is determined as the (only) paging/RMSI PDCCH monitoring slot in the PF.
· For nB = 2T (Ns=2): If i_s = 0, PO is determined as the paging/RMSI PDCCH monitoring slot in the 1st half frame of the PF. If i_s = 1, PO is determined as the paging/RMSI PDCCH monitoring slot in the 2nd half frame of the PF.
Then we have some proposals.
Proposal 6:	For multiplexing Pattern 1, UE first determine the reference frame based on SSB index, and then the PO is determined in the reference frame based on the following rules:
· For nB ≤T/2, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame.
· For nB = T: If SFN of calculated PF is odd, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame. If SFN of calculated PF is even, PO is determined as the second slot of RMSI/paging PDCCH monitoring window in the reference frame.
Proposal 7:	For multiplexing Pattern 2 and 3, PO is determined in the PF based on the following rules:
· For nB ≤T (Ns=1, i_s=0): PO is determined as the (only) paging/RMSI PDCCH monitoring slot in the PF.
· For nB = 2T (Ns=2): If i_s = 0, PO is determined as the paging/RMSI PDCCH monitoring slot in the 1st half frame of the PF. If i_s = 1, PO is determined as the paging/RMSI PDCCH monitoring slot in the 2nd half frame of the PF.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	NR paging cycle should be configured as multiples of SSB periodicity. LTE paging cycle value range is considered as baseline.
Proposal 2:	The duration of PFs after each SSB should be limited. Only a given number of frames after SS burst can serve as PF. The LTE PF/PO calculation formula is modified accordingly.
Proposal 3:	In multiplexing Pattern 1, the two slots in paging PDCCH monitoring window are treated as separated POs, so as to allow maximum nB = T.
Proposal 5:	RAN2 to define PO pattern in each PF or aggregated PF. 
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