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Introduction
In RAN1 105-e meeting [1], it was discussed and agreed to study further the mapping design of PDCCH based PEI, SSS based PEI and TRS based PEI to the UE’s subgroups in a PO as given below.

	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span



Based on the above agreements, in this contribution we provide our views on the mapping design of PDCCH based PEI, SSS based PEI and TRS based PEI to the UE’s subgroups for paging indication. 
PDCCH based PEI mapping 
For PDCCH based PEI, code-points based mapping can be considered to indicate the UE’s subgroups in a PO for paging.  The number of codepoints and its payload size can be expressed as , where is the number of bits used in the payload design. The payload size of each code-point to indicate 8 subgroups in a PO can be design according to the number of configured PO in a PF. For instance, when the number of POs configured in a PF is one, the corresponding payload size of codepoints can be N= 3 bits. Similarly, when the number of POs configured in a PF are 2 or 4, the corresponding payload size of codepoints can be N = 4 bits or N= 5 bits.  Therefore, the code-points based mapping design of 8 subgroups according to the configured number of PO in a PF can be illustrated as given in table 1.
Table 1 Codepoints mapping to 8 UE's subgroups according to configured PO per PF 
	Configured PO in a PF
	Codepoints payload size
	Total number of codepoints =  
	UE subgroups Mapping in a PO

	1
	N=3
	8
	Subgroup 0 to 7 at target PO

	2
	N=4
	16
	8 codepoints in  set1
	Subgroup 0 to 7 in PO1

	
	
	
	8 codepoints in  set2
	Subgroup 0 to 7 in PO2

	4
	N=5
	32
	8 codepoints in  set1
	Subgroup 0 to 7 in PO1

	
	
	
	8 codepoints in  set2
	Subgroup 0 to 7 in PO2

	
	
	
	8 codepoints in  set3
	Subgroup 0 to 7 in PO3

	
	
	
	8 codepoints in  set4
	Subgroup 0 to 7 in PO4



In table 1, for {1, 2, 4} PO in a PF, the value of N (payload size of codepoints) can be considered in the range of 3 ≤ N ≥ 5, to effectively utilize the number of codepoints. When using a value of N lower than the prescribed range  of 3 ≤ N ≥ 5( e.g. N = 2), the number of codepoints available for paging indication will be () 4, which is not enough to cover 8 subgroups of UEs.  Similarly, using a value of N higher  than the prescribed range, e.g. N =6, the number of codepoints available for paging indication will be ( 64, which increase the payload size of codepoints and the number of extra codepoints will be wasted. 
Proposal 1: In PDCCH based PEI, code-points can also be utilized to map subgroups in a PO. The payload size of code-points can be design according to the number of PO configured in a PF. 
SSS based PEI mapping 
In SSS based PEI, for 8 UE’s subgroups at a PO, one to one mapping design can be used, where 8 sequences of SSS based PEI can be generated to map 8 UE’s subgroups in a PO. Similarly, a common sequence can also be used in the case when all of the eight subgroups of UEs need paging.  One to one sequence mapping to subgroups have the advantage of avoiding unnecessary paging and thus could save the UE power. Common sequence mapping to all subgroups may save the physical resources and avoid the interference, which can occur due simultaneous transmission of many sequences in one to one type mapping. 
Proposal 2: For SSS based PEI, one to one sequence mapping and/or a common sequence mapping to 8 subgroups of UEs in a PO can be considered.
TRS based PEI mapping 
For TRS based PEI, one TRS sequence with orthogonal covers can be used, where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups. The orthogonal cover sequences used to indicate 8 UE’s subgroups for paging can be define by CDM groups of size 8. For this purpose, different CDM types of group size 8 can be define e.g. cdm8-FD2-TD4, cdm8-FD4-TD2, cdm-FD8-TD and cdm-FD-TD8.
cdm8-FD2-TD4: 
A cdm8-FD2-TD4 as defined in [TS 38.211] can be used to indicate 8 subgroups of UEs per PO. The numerical orthogonal covers sequences for cdm8-FD2-TD4 is shown in table 2. The orthogonal cover of cdm8-FD2-TD4 can be applied to TRS based PEI in order to create indication-codes for 8 subgroups as illustrated in table 3. In table 3, each combination of the orthogonal cover sequences of cdm8-FD2-TD4 can create a unique indication-code, which can be mapped to the UE’s subgroups from subgroup 0 to 7 as illustrated in table 3. 
Table 2 Numerical orthogonal cover sequences for cdm-Type 'cdm8-FD2-TD4'
	Index
	
	

	0
	

	


	1
	

	


	2
	

	


	3
	

	


	4
	

	


	5
	

	


	6
	

	


	7
	

	





Table 3 Sequence combination of orthogonal cover to support 8 subgroups per 'cdm8-FD2-TD4'
	Index J
	Indication-codes of orthogonal cover sequence combination
	UE subgroup mapping

	0
	
	Subgroup 0

	1
	
	Subgroup 1

	2
	
	Subgroup 2

	3
	
	Subgroup 3

	4
	
	Subgroup 4

	5
	
	Subgroup 5

	6
	
	Subgroup 6

	7
	
	Subgroup 7


cdm8-FD8-TD:
Similar to cdm8-FD2-TD4, a cdm8-FD8-TD can also be defined to indicate 8 subgroups of UEs per PO. The numerical orthogonal covers sequences for cdm8-FD8-TD is shown in table 4. The orthogonal cover of cdm8-FD8-TD can be applied to TRS based PEI in order to create indication-codes for 8 UEs subgroup as illustrated in table 5. In table 5, each combination of the orthogonal cover sequences of cdm8-FD8-TD can create a unique indication-code, which can be mapped to the UE’s subgroups from subgroup 0 to 7 as illustrated in table 5. 
Table 4 Numerical orthogonal cover sequences 'cdm8-FD8-TD'
	Index J
	[]
	

	0
	[+1 +1   +1   +1   +1   +1   +1  +1]
	

	1
	[ +1  -1   +1   -1    +1   -1   +1   -1]
	1

	2
	[ +1  +1    -1   -1   +1   +1   -1  - 1]
	1

	3
	[+1   +1   +1   -1    -1   -1   +1  +1]
	1

	4
	[ +1    +1   +1   +1   -1   -1    -1  -1]
	1

	5
	[-1   -1   +1   +1    -1    -1   +1  +1]
	1

	6
	[-1     +1   -1   +1    -1   +1   -1  +1]
	1

	7
	[-1    -1   -1   -1   +1   +1   +1   +1]
	1



	
	
	
	

	
	
	
	

	Table 5 Sequence combination of orthogonal cover to support 8 subgroups per 'cdm8-FD8-TD'
	Index J
	Indication-codes of orthogonal cover sequence combination
	UE subgroup mapping

	0
	
	Subgroup 0

	1
	
	Subgroup 1

	2
	
	Subgroup 2

	3
	
	Subgroup 3

	4
	
	Subgroup 4

	5
	
	Subgroup 5

	6
	
	Subgroup 6

	7
	
	Subgroup 7



	

	Observation 1: Different cdm types of size 8, i.e.  cdm8-FD2-TD4, cdm8-FD4-TD2, cdm-FD8-TD and cdm-FD-TD8, and its orthogonal covers may create diverse unique indication codes for each subgroup indication in a PO. 
	
	
	

	Proposal 3: For TRS based PEI, subgroups in a PO can be indicated by One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups.
Conclusions
In this contribution, we discussed the mapping design of UE’s subgroups for paging indication and made the following observations and proposals.
Observation 1: Different cdm types of size 8, i.e.  cdm8-FD2-TD4, cdm8-FD4-TD2, cdm-FD8-TD and cdm-FD-TD8, and its orthogonal covers may create diverse unique indication codes for each subgroup indication in a PO.
Proposal 1: In PDCCH based PEI, code-points can also be utilized to map subgroups in a PO. The payload size of code-points can be design according to the number of PO configured in a PF. 
Proposal 2: For SSS based PEI, one to one sequence mapping and/or a common sequence mapping to 8 subgroups of UEs in a PO can be considered.
Proposal 3: For TRS based PEI, subgroups in a PO can be indicated by One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups.
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