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Introduction
The following paging design related agreements have been made in RAN2#102 [1]: 
1. (SFN mod T) = (T div N)*(UE_ID mod N) to derive a “first reference point” 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: number of total paging occasions in T
N: min(T,nB)
UE_ID: IMSI mod 1024
Parameters nB and length of default DRX Cycle are signaled in SIB1.
2. PF = “first reference point” + offset
The offset is signalled in SIB1.
3. Let i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T). 

It was also noted that the default association Ns is either 1 or 2. For Ns = 1, PO is the set of RMSI monitoring occasions in the PF. For Ns = 2, PO is the set of RMSI monitoring occasions in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF. Additional agreements from RAN2 AH 1807 meeting [2] are as follows:
0	Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.
1	For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.
2	For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.
3	Support to configure Ns and N value instead of nB.
In this contribution, we will discuss the above agreements and its implication to RAN1 specifications.

Discussion
In agreement 3 above, N is the number of PFs in the DRX cycle of the UE and Ns is the number of POs for one PF. These were determined, similar to LTE, based on the parameter nB which is the number of total POs in the DRX cycle of the UE. 
The PF is calculated by the following formulae:
1. PF = “first reference point” + offset
2. “first reference point” = SFN mod T = (T div N)*(UE_ID mod N) 
3. Offset is signaled in the SIB and UE_ID is IMSI mod 1024

The start of the PO in the first half frame or second half frame, is indicated by i_s  with 0 and 1, respectively.  Specifically, i_s is given by:
· i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T).

Paging Frame
RAN2 agreement stated that the offset is signaled in SIB1. These offset is motivated by the support of FDM of the PF and the SS/PBCK blocks and/or SMTC window frame. In this section, we consider the possible values of these offset. So the offset value should take into consideration the SS/PBCH frame and SMTC window frame. 
Both the SS/PBCH periodicity and SMTC window periodicity can be configured from 5ms, 10ms, 20ms, 40ms, 80ms and 160ms, separately. One approach is such that the configurable values of offset is bounded by the maximum value of SS/PBCH periodicity T1 and SMTC window periodicity T2 i.e.  offset can be configured with  the following number of frames: {0, 1, …, max(T1,T2)-1}.
· e.g. For SS/PBCH periodicity of 20ms and SMTC window periodicity of 40ms, the offset value can be configured from {0, 1, 2, 3}. When both T1 and T2 are smaller than 1, offset can be set to 0.
Proposal 1: The configurable values of  ‘offset’ are {0, 1, …, max(T1,T2)-1}, where T1 and T2 are the SS/PBCH block and SMTC  periodicities, respectively, in the unit  of frames.
Paging PDCCH Monitoring Occasion
From RAN2 agreement above, it was noted that a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbol should be defined. In our view, the paging message transmission should consider the various DL/UL periodicity and various DL slots number in each DL/UL periodicity.
In NR paging, beam sweeping method is used for paging message transmission. Furthermore, Maximum number of the SS/PBCH block QCLed with paging message is 64 for above 6GHz, 8 for 3~6GHz and 4 for below 6GHz. Hence, each PO may occupy a long consecutive time resource. For 15KHz, the DL/UL periodicity duration may be 0.5, 1, 2, 5,10 slots; For 30 KHz, the DL/UL periodicity duration may be 1, 2, 4,5,10,20 slots; For 60 KHz, the DL/UL periodicity duration may be 2,4,5,8,10,20,40; For 120 KHz, the DL/UL periodicity duration may be 4,5,8,10,16,20,40,80. Slot type order of each periodicity can be DL-Unknown-UL. So the paging message transmission should consider the various DL/UL periodicities and various DL slots number in each DL/UL periodicity. Furthermore, the DL/UL periodicity is configured by RMSI.

 
Figure 1: Configured PO Position
Considered the multiple SS/PBCH blocks which present multiple beams, the paging messages of each PO may occupy multiple frames. For SS/PBCH block with index i, the first slot of paging PDCCH monitor window can be denoted as Oi. 
There are X DL and flexible slots between the start of slot Oi-1 and the start of slot Oi where X denotes the slot number of paging PDCCH monitor window configured by RMSI. For SS/PBCH block with index i, a UE monitors PDCCH in the paging PDCCH common search space over X continuous DL and flexible slots starting from slot Oi. 

Proposal 2: For SS/PBCH block with index , the UE determines the start of slot Oi given by:
· O0 is the first PDCCH monitor occasion slot configured by higher layer parameter;
· Oi is the slot index such that there are X DL and flexible slots between the start of slot Oi-1 and the start of slot Oi.
A UE monitors PDCCH in the paging PDCCH common search space over X continuous DL and flexible slots starting from slot Oi.
Adopt the text proposal in Appendix A.

On signal generation for SSB
As discussed in [4], there is an issue that the generated SSB signal may not match the actual transmission position for SSB for some cases, e.g., {SSB SCS, RMSI SCS}={30, 15}kHz and kSSB is odd. The reason is that a common baseband signal generation is utilized for all downlink signals, and the corresponding formula is based on the resource grid defined for PDCCH and PDSCH, not for SSB. When SSB and common resource block are not aligned in subcarrier level, the frequency offset from SSB boundary to common resource block grid cannot be achieved via current signal generation formula. To tackle the problem, a simple solution is to generate SSB signal according to the resource grid used for SSB. Current signal generation formula can be reused, only with the following clarifications:
· ;
·  denotes the number of RB in one SSB;
· f0 is the centre frequency of SSB.
Note that, the centre frequency of SSB is on the sync raster which is defined in Table 5.4.3.2-1 of TS38.101-1 as following. 
Table 5.4.3.2-1: Synchronization raster to SS block resource element mapping
	
Resource element index 
	0

	
Physical resource block number  of the SS block

	



There is no need to modify the signal generation formula. Then we give the following proposal:
Proposal 3: For SSB, reuse the signal generation formula with ,  denoting the number of RB in one SSB, and f0 is the centre frequency of SSB.
Adopt the text proposal in Appendix B.

Conclusions
Proposal 1: The configurable values of  ‘offset’ are {0, 1, …, max(T1,T2)-1}, where T1 and T2 are the SS/PBCH block and SMTC  periodicities, respectively, in the unit  of frames.

Proposal 2: For SS/PBCH block with index , the UE determines the start of slot Oi given by:
· O0 is the first PDCCH monitor occasion slot configured by higher layer parameter;
· Oi is the slot index such that there are X DL and flexible slots between the start of slot Oi-1 and the start of slot Oi.
A UE monitors PDCCH in the paging PDCCH common search space over X continuous DL and flexible slots starting from slot Oi.
Adopt the text proposal in Appendix A.
Proposal 3: For SSB, reuse the signal generation formula with ,  denoting the number of RB in one SSB, and f0 is the centre frequency of SSB. 
[bookmark: _GoBack]Adopt the text proposal in Appendix B.
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Appendix A: TP of search space for Paging (TS 38.213)
------------------------------------------ Start of Text Proposal ----------------------------------------------
[bookmark: _Ref500334477][bookmark: _Toc517265081]13	UE procedure for monitoring Type0-PDCCH common search space 
---------------------------------------- Unchanged parts omitted --------------------------------------------
Table 13-15: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 3 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)

	0
	


 
	4, 8, 2, 6 in




, , , 

	1
	Reserved

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



If a UE is provided higher layer parameter pagingSearchSpace for Type2-PDCCH common search space set, a UE should monitors PDCCH in the Type2-PDCCH common search space configured by pagingSearchSpace. For actually transmitted SS/PBCH block configured by ssb-PositionsInBurst with index i, the UE determines the start of slot Oi given by: O0 is the first PDCCH monitor occasion slot configured by higher layer parameter; Oi is the slot index such that there are M DL and flexible slots between the start of slot Oi-1 and the start of slot Oi. A UE monitors PDCCH in the paging PDCCH common search space over M continuous DL and flexible slots starting from slot Oi, where M is configured by pagingSearchSpace.






If a UE detects a first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE may determine the nearest (in the corresponding frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space as .  is the GSCN of the first SS/PBCH block and  is a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If the UE detects the second SS/PBCH block and the second SS/PBCH block does not provide a control resource set for Type0-PDCCH common search space, as described in Subclause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block locations for performing cell search.
---------------------------------------- Unchanged parts omitted --------------------------------------------
-------------------------------------------- End of Text Proposal ---------------------------------------------
Appendix B: TP for signal generation of SSB in TS 38.211
------------------------------------------ Start of Text Proposal ----------------------------------------------
[bookmark: _Toc516767266]5.3	OFDM baseband signal generation
[bookmark: _Toc516767267]5.3.1	OFDM baseband signal generation for all channels except PRACH




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

where  is the time within the subframe, 






[bookmark: _Hlk515533636] is given by clause 4.2,  is the subcarrier spacing configuration, and  is the largest  value among the subcarrier spacing configurations provided to the UE for this carrer. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by


For SS/PBCH block,  and .

---------------------------------------- Unchanged parts omitted --------------------------------------------
[bookmark: _Toc516767269]5.4	Modulation and upconversion





Modulation and upconversion to the carrier frequency  of the complex-valued OFDM baseband signal for antenna port , subcarrier spacing configuration , and OFDM symbol  in a subframe assumed to start at  is given by 

	
for all channels and signals except PRACH and by

	
for PRACH.
For SS/PBCH block, f0 is the centre frequency of the SS/PBCH block. 

-------------------------------------------- End of Text Proposal ---------------------------------------------
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