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1 Introduction

In RAN1#110bis e-meeting [1], the following conclusions and agreements were made for increased number of orthogonal DMRS ports.

Conclusion

· For discussion purpose, definition of Rel.15 DMRS ports and Rel-18 DMRS ports are:

· Rel.15 Type 1/Type 2 DMRS ports: DMRS ports with FD-OCC length =2.

· Rel.18 eType 1/eType 2 DMRS ports: DMRS ports with FD-OCC length >2.

· Following figure as an example shows difference between Rel.15 Type 1 DMRS ports and Rel.18 eType 1 DMRS ports.
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Agreement

For more than 4 layers SU-MIMO PUSCH, support

· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 

· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.

· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.

· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.

Agreement

For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support

· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group

Agreement

Confirm the working assumption in RAN1#110 withI the following update: 
To increase the number of DMRS ports for PDSCH/PUSCH, support at least Opt.1 (introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6)). 
· FFS: FD-OCC length for Rel.18 DMRS type 1 and type 2. 
· FFS: Whether it is needed to handle potential performance issues of Opt 1. For example, study if there is performance loss in case of large delay spread scenario. If needed, how (e.g. additionally support other options). 
Agreement

For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 


Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 


Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.
Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not. 

In this contribution, we share our views on increasing number of orthogonal DMRS ports and DMRS enhancement for 8 TX UL transmission.
2 Larger number of DMRS ports for MU-MIMO

2.1 Switching between Rel-18 DMRS port(s) and Rel-15 DMRS port(s) 
In RAN1#110bis e-meeting, we have discussed whether to support DCI-based switching between Rel-18 DMRS port(s) and Rel-15 DMRS port(s). The advantages of dynamic switching between Rel-18 DMRS port(s) and Rel-15 DMRS port(s) include the following aspects.
· For MU-MIMO, it enables scheduling Rel-15 DMRS port(s) and Rel-18 DMRS port(s) within the same CDM group to enhance the multiplexing capability.
· For SU-MIMO, it enables dynamically indicating DMRS with length-2 FD-OCC to achieve better performance in case of large delay spread.

The motivation for Rel-18 DMRS enhancement is to provide the doubled number of orthogonal DMRS ports. In our view, it is beneficial to schedule the Rel-15 DMRS port(s) and Rel-18 DMRS port(s) within the same DCM group if the orthogonality can be kept. For example, assuming the cover codes for length-4 FD-OCC are [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 -1 -1], [+1 -1 -1 +1]. For Rel-15 DMRS ports, the cover codes are [+1 +1], [+1 -1]. If DMRS port with cover code [+1 +1] is used by the Rel-15 UE, the Rel-18 DMRS port with cover code [+1 -1 +1 -1] or [+1 -1 -1 +1] within the same group can be used to support MU-MIMO. But the Rel-18 DMRS port with cover code [+1 +1 -1 -1] will cause interference to Rel-15 DMRS port with cover code [+1 +1] within the same CDM group, and such kind of scheduling should be avoided for MU-MIMO. For SU-MIMO, since length-4 FD-OCC is more sensitive to the frequency selectivity fading, it is better to use length-2 FD-OCC for channel estimation under large delay spread scenario.
Proposal 1: For increased DMRS ports for enhanced FD-OCC, support DCI based dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.
2.2 Rel-18 DMRS ports indication 

In RAN1#110bis e-meeting, how to indicate Rel-18 DMRS ports for PDSCH was discussed. The following schemes have been proposed for down-selection. 
FL proposal: 

· Down select one of the following on how to enhance TS38.212 to indicate Rel.18 DMRS ports for PDSCH. 
· Scheme A: Specify new antenna ports tables similar to Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212. The maximum size of antenna ports field is increased by M (M>=0) bit(s). 
· For M>= 1, existing rows in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 are partially/fully copied to the new tables except for “Reserved” row.  
· FFS for other rows in the new tables. 
· FFS: The sizes of antenna port field and its mapping to antenna port tables.
· Scheme B: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new M(M>=1)-bit DCI field of “DMRS port(s) offset indicator” to indicate Rel.18 DMRS ports. 
· At least M=1 is supported. For M=1,
· If “DMRS port(s) offset indicator” field is set “0”, DMRS port(s) are the same as indicated by antenna ports field in DCI format 1_1/1_2. 
· If “DMRS port(s) offset indicator” field is set “1”, DMRS port(s) are incremented with X from the indicated DMRS port(s) by antenna ports field in DCI format 1_1/1_2. 
· Value of X is 8 for Rel.18 eType 1 DMRS and X is 12 for Rel.18 eType 2 DMRS. 
· FFS: Whether/how to enhance the reserved field in antenna ports tables under different values of “DMRS port(s) offset indicator”.
· FFS: Whether to support M>1 and its DMRS port combinations under different values of “DMRS port(s) offset indicator”.
· Scheme C: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new table to indicate Rel.18 DMRS ports including full 8/16 or 12/24 ports.  
· TDRA entry configured includes a entry indicate what DMRS ports is used for scheduling.  
· Scheme D: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new tables to indicate Rel.18 DMRS ports with new DMRS port index. 
· At least one Rel-18 DMRS port with the new port index p is included in each row 
· FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row 
· FFS: MU restrictions with the determined tables for DMRS ports indications. 
· FFS: How to enhance antenna ports tables in TS38.212 to indicate Rel.18 DMRS ports for PUSCH for rank = 1,2,3,4.
For Scheme A, a new table for antenna ports will be defined. For example, the number of rows in the table can be doubled when comparing with Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212, and whether the entire table or the subset of the table (e.g, some rows of the table) shall be used can be indicated to UE. For Scheme B, an indication offset will be introduced. The offset can be 0, 8, or 12. One drawback of Scheme B is that it is not possible to indicate 3 or 4 DMRS ports within a CDM group for 1 symbol eType1 DMRS. We think this indication should be allowed to reduce the DMRS overhead. For Scheme C, in addition to the legacy antenna ports tables in TS 38.212, a new table will be defined, and whether the new table or legacy table shall be used can be indicated to UE by TDRA entry. For Scheme D, also a new antenna ports table will be designed and at least one DMRS port with new port index should be included in each row of the new table. 
In our view, Scheme A can provide more flexibility than Scheme B/C/D. The functionality of Scheme B/C/D can be realized via Scheme A by specifying some port combination rules. For Scheme A, the indication signaling for whether the entire table or the subset of the table shall be used is up to whether dynamic switching between Rel-18 DMRS port(s) and Rel-15 DMRS port(s) is supported. If supported, DCI-based indication can be used.
Proposal 2: On Rel-18 DMRS ports indication for PDSCH, specify new antenna ports tables similar to Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212. The maximum size of antenna ports field is increased by M (M>=0) bit(s). For M>= 1, existing rows in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 are partially/fully copied to the new tables except for “Reserved” row.
3 DMRS enhancement for 8 TX UL transmission
3.1 Antenna port indication table for >4 layers PUSCH
In RAN1#110bis e-meeting [1], antenna ports tables for rank = 5,6,7,8 have been discussed with the following FL proposal, which has not been agreed.
	FL proposal#3.4b: 
· For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are down selected from the following: 
· Alt.1-1: Same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused at least for full or non-coherent UL codebook.
· FFS: whether all or some/one of the current DMRS port combination(s) are reused. 
· Alt.1-2: New DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· For Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.


To enable 8 TX UL operation to support up to 8 layers UL transmission, DMRS port combinations for rank=5,6,7,8 should be supported. In Rel-15, maximum 8 DMRS antenna ports indication has been supported for DL, which can be used as a starting point for UL DMRS antenna ports indication design. In Rel-15, the available DMRS port combinations for DL are summarized in Table 1, which can be reused for UL. It is noted that for dmrs-Type=1and dmrs-Type=2, maxLength=1, only one DMRS ports combination is available for each rank. In other words, if the rank derived from TPMI is larger than 4, there is no need to additionally indicate the antenna ports. Then, the bits for antenna ports indication can be reused for other purpose, such as MCS, RV and NDI for second codeword. For dmrs-Type=2, maxLength=2, since two DMRS ports combinations are available for rank 5 and rank 6, one bit is needed for antenna ports indication, and the other bits can be reused for other purpose. 
Table 1. DMRS port combinations for rank = 5,6,7,8 for PDSCH in Rel-15
	Rank
	dmrs-Type=1, maxLength=2
	dmrs-Type=2, maxLength=1
	dmrs-Type=2, maxLength=2

	5 layers
	0-4
	0-4
	0-4

	
	
	
	0,1,2,3,6

	6 layers
	0,1,2,3,4,6
	0-5
	0-5

	
	
	
	0,1,2,3,6,8

	7 layers
	0,1,2,3,4,5,6
	
	0,1,2,3,6,7,8

	8 layers
	0,1,2,3,4,5,6,7
	
	0,1,2,3,6,7,8,9


Proposal 3: For larger than 4 layers UL transmission with Type 1/Type 2 Rel.15 DMRS ports, same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused.

Proposal 4: For larger than 4 layers UL transmission with Type 1/Type 2 Rel.15 DMRS ports, the reserved bits for antenna ports indication can be reused for other purpose, such as MCS, RV and NDI for second codeword.

3.2 PTRS-DMRS association

In Rel-15, if a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one. For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1. For codebook or non-codebook UL transmission scheduled by DCI format 0_1, the association between UL PT-RS port(s) and DM-RS port(s) is signalled by PTRS-DMRS association field in DCI format 0_1. In Rel-17, for M-TRP PUSCH repetition, when maxRank=2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PT-RS port and DMRS port for two TRPs. When maxRank>2, a second PTRS-DMRS association field (similar to the existing field) is added in DCI format 0_1, and each field separately indicating the association between PT-RS port and DMRS port for two TRPs.
To support up to 8 layers UL transmission, PTRS-DMRS association should be enhanced to indicate the PT-RS port association with up to 8 DMRS ports. 

· For full-coherent UE, the UE shall expect the number of UL PT-RS ports to be configured as one. As shown in Table 2, 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 

· For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, where each group comprises coherent antennas, and across groups, antennas are non-coherent, the maximal PT-RS ports to be configured is 4. For codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1004 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1005 in indicated TPMI share PT-RS port 1, PUSCH antenna port 1002 and 1006 in indicated TPMI share PT-RS port 2, and PUSCH antenna port 1003 and 1007 in indicated TPMI share PT-RS port 3. As shown in Table 3, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. If two antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 2, and the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000, 1002, 1004 and 1006 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001, 1003, 1005 and 1007 in indicated TPMI share PT-RS port 1. As shown in Table 4, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s) in DCI format 0_1 or higher layer parameter sri-ResourceIndicator in rrc-ConfiguredUplinkGrant.

Table 2: PTRS-DMRS association for UL PTRS port 0

	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port


Table 3: PTRS-DMRS association for UL PTRS ports 0, 1, 2 and 3

	Value of lowest bit
	DMRS port
	
	Value of the third bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	Value of second
	DMRS port
	
	Value of first bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1


Table 4: PTRS-DMRS association for UL PTRS ports 0 and 1

	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	
	3
	4th DMRS port which shares PTRS port 1


For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0, for PUSCH corresponding to a configured grant Type 1 transmission, Rel-15 procedure can be reused without further enhancement.

Proposal 5: For full-coherent UE, the PT-RS ports to be configured is 1, and 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 

Proposal 6: For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 4, and if two antenna groups are assumed, the maximal PT-RS ports to be configured is 2. 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair.
.
4 Conclusion

In this contribution, we share our views on increasing number of orthogonal DMRS ports. The proposals are summarised as follows:
Proposal 1: For increased DMRS ports for enhanced FD-OCC, support DCI based dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.

Proposal 2: On Rel-18 DMRS ports indication for PDSCH, specify new antenna ports tables similar to Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212. The maximum size of antenna ports field is increased by M (M>=0) bit(s). For M>= 1, existing rows in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 are partially/fully copied to the new tables except for “Reserved” row.
Proposal 3: For larger than 4 layers UL transmission with Type 1/Type 2 Rel.15 DMRS ports, same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused.

Proposal 4: For larger than 4 layers UL transmission with Type 1/Type 2 Rel.15 DMRS ports, the reserved bits for antenna ports indication can be reused for other purpose, such as MCS, RV and NDI for second codeword.
Proposal 5: For full-coherent UE, the PT-RS ports to be configured is 1, and 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 

Proposal 6: For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 4, and if two antenna groups are assumed, the maximal PT-RS ports to be configured is 2. 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair.
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