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[bookmark: OLE_LINK3]Introduction
In RAN#94 meeting, Rel-18 WID of further enhancements on NR MIMO is approved in which a particular point is for DMRS enhancements, targeting for both UL and DL. The detail is given as follows [1].
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



In this contribution, we provide our views on the supporting of DMRS enhancements for MU-MIMO and 8 Tx UL SU-MIMO. 
DMRS enhancement for UL/DL MU-MIMO
[bookmark: OLE_LINK21][bookmark: OLE_LINK15][bookmark: OLE_LINK18]For the existing legacy UE(s), the backward compatibility should be fully considered for this enhancement on increasing the number of orthogonal DMRS ports, and then we need to modify the DMRS port/OCC mapping based on the legacy DMRS pattern(s). 
2.1  Rel-18 DMRS ports indication
[bookmark: OLE_LINK4][bookmark: OLE_LINK2]In RAN1#111 meeting, Rel-18 DMRS port was agreed to be indicated according to three categories and one indication table of eType 1 + single-symbol was listed based on these categories as follows [2].
	Agreement:
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000
Agreement:
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

	2
	[1]
	[0,1]
	
	[2]
	[2]
	[0,1,2,3,8,9,10]
	

	3
	2
	0
	
	[3]
	[bookmark: OLE_LINK1][2]
	[0,1,2,3,8,9,10,11]
	

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	





In general, the leftover issue of Rel-18 DMRS port indication is how to decide the entries of three categories in Rel-18 DMRS indication table. Note that this table includes two cases of 1 CW PDSCH (less than or equal to 4 layers) and 2 CWs PDSCH (more than 4 layers), the design of the indication table is separately discussed for these two cases.
Besides, it is worth noting that the principle of the legacy DMRS port indication table is: with the increase of layer number, DMRS port combination is in accordance of the order that CDM index > OFDM symbol index > DMRS port index. Similarly, this rule can be reused for Rel-18 DMRS port indication. For clarification, only the OCC length and the total number of Rel-18 DMRS ports are distinct from that of the legacy DMRS ports.
2.1.1. [bookmark: OLE_LINK5]Rel-18 DMRS port indication for 1 CW PDSCH
· Cat. 1
Cat. 1 corresponds to the legacy port indexes, i.e. p=0~7 for eType1 and p=0~11 for eType2. In order to keep the scheduling flexibility, the legacy DMRS port index can be completely reused for the case of Cat. 1. For example, the values 0-11 in DMRS port indication table of eType 1 + single-symbol can be supported.
· Cat. 2 
Cat. 2 corresponds to the new port indexes, i.e. p=8~15 for eType1 and p=12~23 for eType2. It is intuitive that the only difference between Cat. 1 and Cat. 2 is DMRS port index. Therefore, it is nature to mirror DMRS port indication of Cat. 1 to the case of Cat. 2. For example, the values 12-23 in DMRS port indication table of eType 1 + single-symbol can be supported. In particular, the port combination of [9,11] should be removed if the practical use case cannot be identified.
· Cat. 3 
Cat. 3 corresponds to the combination of the legacy and new port indexes within one CDM group, i.e. p=0~7 w/ 8~15 for eType1 and p=0~11 w/ 12~23 for eType2. Due to the instinct of Cat. 3, it is used for 3-layer or 4-layer based PDSCH transmission. For example, the values 24-29 in DMRS port indication table of eType 1 + single-symbol can be supported.
Proposal 1: For the indication of Rel-18 DMRS port in 1CW case, support that:
· Cat. 1: All the indexes and combinations of legacy DMRS ports can be completely reused, i.e. the values 0-11.
· Cat. 2: A mirror mapping rule of legacy DMRS port with new DMRS port indexes can be used, i.e. the values 12-23.
· Cat. 3: The combinations of legacy and new DMRS port indexes within one CDM group can be supported for 3 layers and 4 layers PDSCH, i.e. the values 24-29.
· FFS: Other potential entries of Cat.1, Cat.2 and Cat.3 that needed for any practical use cases.
Based on the above elaboration, Rel-18 DMRS indication tables for the cases of eType 1 + single-symbol, eType 2 + single-symbol, eType 1 + double-symbol and eTyep 2 + double symbol are additionally provided in Appendix.
2.1.2. Rel-18 DMRS port indication for 2 CWs PDSCH
In RAN1#111 meeting, it was agreed to support to indicate the DMRS from more than one CDM group for more than 4 layers transmission for single-symbol DMRS [2].
For the legacy DMRS, when more than 4 layers transmission are indicated for PDSCH, double-symbol for type 1 DMRS and single-symbol/double-symbol DMRS should be configured. However, up to 2 DMRS ports can be used in one CDM group for the legacy DMRS, then at least two CDM groups should be indicated for more than 4 layers transmission. Considering 2-fold increase in DMRS ports is supported in one CDM group for Rel-18 DMRS and up to 8/12 DMRS ports are supported for single-symbol eType 1/2 DMRS, hence more than 4 layers transmission can be supported for Rel-18 single-symbol DMRS. 
Taking eType 1 + single-symbol DMRS as an example, two CDM groups with DMRS port index#{0, 1, 8, 9} plus {2, 3, 10, 11} can be used to the 2 CWs PDSCH transmission. Considering the indication principle introduced for 1 CW case above, the DMRS ports in one CDM can be used to indicated with higher priority for 2CWs PDSCH transmission, and then the DMRS port indication for 5-layer PDSCH transmission is ports#{0,1,2,8,9} instead of {0,1,2,3,8}.The indication table can be considered as the following Table 1.
Table 1 Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,8,9

	1
	2
	0,1,2,3,8,9

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11


For double-symbol DMRS, up to 8 DMRS ports are supported in one CDM group. If double-symbol DMRS ports are configured for more than 4 layers transmission, the DMRS ports from one CDM group can be indicated to the UE, which is as shown in the following Table 2.
Table 2 Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=2
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-4

	1
	2
	0,1,2,3,4,6

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

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

	4
	1
	0,1,4,5,8

	5
	1
	0,1,4,5,8,9

	6
	1
	0,1,4,5,8,9,12

	7
	1
	0,1,4,5,8,9,12,13

	8
	2
	0,1,4,5,8

	9
	2
	0,1,4,5,8,9

	10
	2
	0,1,4,5,8,9,12

	11
	2
	0,1,4,5,8,9,12,13

	12
	2
	2,3,6,7,10

	13
	2
	2,3,6,7,10,11

	14
	2
	2,3,6,7,10,11,14

	15
	2
	2,3,6,7,10,11,14,15

	[bookmark: OLE_LINK32]Reserved
	Reserved
	Reserved



In the light of above analysis, we propose:
[bookmark: OLE_LINK30]Proposal 2: For the indication of Rel-18 DMRS port in 2CWs case, support that:
· When maxLength=1, support to indicate DMRS ports from one CDM group first.
· When maxLength=2, support to indicate DMRS ports within one CDM group only.
2.2  Dynamic switching between the legacy and Rel-18 DMRS ports
[bookmark: OLE_LINK22]In RAN1#110bis e-meeting, one agreement was reached on further study whether/how to handle the potential performance issues of FD-OCC length 4 based DMRS ports [3],.
	Agreement:
Confirm the working assumption in RAN1#110 with 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). 


Basically, it is common understanding that the increased DMRS should also be supported to large delay scenario (e.g., delay spread can be up to 1000ns as assumed in EVM). It is intuitive that Rel-18 DMRS ports will be more sensitive to delay spread variation than the legacy DMRS ports due to the sparser allocation of length 4 FD-OCC basis in frequency domain. Consequently, as shown in Fig.1, BLER performance of length 4 FD-OCC DMRS ports is evaluated in case of DS=1000ns for both PUSCH DMRS and PDSCH DMRS, and some simulation assumptions can be found in Appendix. The simulation result shows that the performance loss is quite considerable of length 4 FD-OCC DMRS ports when compared to length 2 FD-OCC DMRS ports in this case. Consequently, RAN1 shall strive to how to address this ever-present performance issue.
[image: ][image: ]
(a) DS=1000ns @eType 2 DMRS for PUSCH     	(b) DS=1000ns @type 2 DMRS for PDSCH
Figure 1 BLER performance gap between the legacy DMRS with length 2 FD-OCC and Rel-18 DMRS with length 4 FD-OCC for both PUSCH and PDSCH
[bookmark: OLE_LINK17]Observation: Performance loss of length 4 FD-OCC DMRS ports is existed and considerable in case of large delay spread scenario, RAN1 shall strive to handle this performance issue.
In RAN1#110 meeting, the following agreement on the indication of dynamic switching between the legacy and Rel-18 DMRS ports was reached [4].
	Agreement:
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).


Technically, the legacy DMRS ports (enabled with length 2 FD-OCC) can be more robust than Rel-18 DMRS ports (enabled with length 4 FD-OCC) in large delay spread scenario, due to its densely allocation in frequency domain. To compensate the performance loss of length 4 FD-OCC DMRS ports in large delay spread scenario, it is beneficial to support dynamic switching between the legacy DMRS ports (enabled with length 2 FD-OCC) and Rel-18 DMRS ports (enabled with length 4 FD-OCC) as the backup plan. 
Besides, dynamic switching between the legacy and Rel-18 DMRS ports is very essential for optimizing system performance via guaranteeing transmission scheduling in SU-MIMO and MU-MIMO scenarios. In a real field network, we observe that it is much more common to schedule DL/UL in ≤8/12-layer SU-MIMO or MU-MIMO when compared to >8/12-layer MU-MIMO which requires a reasonably good channel property as the prerequisite. On the other hand, it is very common that the payload of the network often changes dynamically. For a given time, the network may have >8/12-layer MU-MIMO and which needs to be supported by Rel-18 DMRS ports. But then due to payload variation, the total layers of MU-MIMO may be reduced into the range of the legacy DMRS ports, i.e. ≤8/12-layer SU-MIMO or MU-MIMO. Consequently, if going with that Rel-18 DMRS ports are semi-statically configured only and then it is mandatory to be used even for ≤8/12-layer MU-MIMO in low-pay-load cases, the performance loss of length 4 FD-OCC will be inevitable as proved before. In other words, Rel-18 DMRS ports with length 4 FD-OCC will be the bottleneck of performance from the perspective of NW. 
To address this issue, the indication of dynamic switching between length 2/4 FD-OCC should be supported. Especially, one may argue that it can be up to UE implementation to perform de-spreading with length 2/4 FD-OCC and then the indication is not needed anymore. Generally, it is natural that UE can perform any ways regardless of the indication from the NW, it is a universally applicable theory of the specification. However, it is reasonable to indicate the length of FD-OCC to assist UE to perform de-spreading well enough to reach out acceptable performance. Otherwise, the benefit of introducing Rel-18 DMRS ports will be quite agnostic.     
Proposal 3: Support to indicate the dynamic switching between the legacy DMRS ports (length 2 FD-OCC basis) and Rel-18 DMRS ports (length 4 FD-OCC basis).
· FFS: How to indicate this dynamic switching.
2.3  Co-existence of the legacy DMRS ports and Rel-18 DMRS ports
In RAN1#110 meeting, one agreement on co-existence of the legacy DMRS ports and Rel-18 DMRS ports was reached as follows [4].
	Agreement:
Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
· For MU-MIMO by different CDM groups, no MU-MIMO scheduling restriction of PUSCH/PDSCH (i.e. MU-MIMO between Rel.15 UE and Rel.18 UE is allowed).
· For MU-MIMO within a CDM group, study whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.
· Note: the study includes MU-MIMO between Rel.15 UE and Rel.18 UE, and between Rel.18 UEs.
· Note: PUSCH above is CP-OFDM waveform.


[bookmark: OLE_LINK14]To support larger number of orthogonal DMRS ports, it is proper to co-schedule the legacy DMRS ports and Rel-18 DMRS ports in the same CDM group. 
Besides, some restriction should be reached to keep the orthogonality of DMRS ports. For example, if the legacy DMRS port #0 with length 2 FD-OCC of [+1, +1], Rel-18 DMRS port with length 4 FD-OCC of [+1, +1, +1, +1] and [+1,+1,-1,-1] cannot be co-scheduled in the same CDM group. Hence, if Rel-18 DMRS ports are co-scheduled with the legacy DMRS ports in the same CDM group, the OCC of the scheduled Rel-18 DMRS ports should be orthogonal with the legacy DMRS ports anyways.
If the legacy and Rel-18 DMRS ports are co-scheduled within one CDM group, then the interference from the co-scheduled UE should be estimated. In the case of two UEs are co-scheduled, and one UE is indicated with the legacy DMRS port #0, and the co-scheduled UE can be indicated with Rel-18 DMRS ports #8,9. It is better to inform the co-scheduled UE that whether the DMRS port #0 is the legacy or Rel-18 DMRS, e.g., indicate the total number of scheduled DMRS ports in one CDM group. UE would know whether the DMRS port #0 is the legacy or Rel-18 DMRS and whether the DMRS port #1 is indicated to other UEs. This is beneficial for interference estimation.
[bookmark: OLE_LINK8][bookmark: OLE_LINK16]Proposal 4: Support to enable MU-MIMO between the legacy DMRS ports and Rel-18 DMRS ports in the same CDM group. 
· The FD-OCC of the scheduled Rel-18 DMRS ports should be orthogonal with that of the legacy DMRS ports.
· FFS: Whether/how to indicate the co-existence of Rel-18 DMRS ports and the legacy ports within the same CDM group.
DMRS enhancement for 8 Tx UL SU-MIMO
3.1  Further enhancement on DMRS for more than 4 layers transmission
[bookmark: OLE_LINK7]In RAN1#111 meeting, the following agreement on DMRS enhancement for >4 layers PUSCH was reached [2].
	Agreement:
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 the following: 
· The same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook.
· 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.


In the previous meetings, it was agreed to support more than 4 layers transmission for PUSCH with Rel-18 DMRS ports. Given that up to 8/12 DMRS ports can be used by single-symbol based Rel-18 DMRS and up to 16/24 DMRS ports can be used by double-symbol based Rel-18 DMRS, both single-symbol and double-symbol based Rel-18 DMRS ports can be used to facilitate this enhancement.
[bookmark: OLE_LINK26]For PUSCH transmission, the rank number is indicated by SRI field for non-codebook scheme and TPMI field for codebook scheme. For rank 1/2/3/4 uplink transmission, separate tables are used for the indication of DMRS ports. Hence similar method can be reused for rank 5/6/7/8. Besides, it can be noticed that separate tables for the DMRS indication can introduce less overhead than a combined table for rank 5/6/7/8. 
For Rel-18 single-symbol eType 1 DMRS, the DMRS ports can be indicated as shown in Table 3/4/5/6.
Table 3 Antenna port(s), dmrs-Type=1, maxLength=1, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,8,9
	1

	Reserved
	Reserved
	Reserved
	Reserved


Table 4 Antenna port(s), dmrs-Type=1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,8,9
	1

	Reserved
	Reserved
	Reserved
	Reserved


Table 5 Antenna port(s), dmrs-Type=1, maxLength=1, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,8,9,10
	1

	Reserved
	Reserved
	Reserved
	Reserved


Table 6 Antenna port(s), dmrs-Type=1, maxLength=1, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,8,9,10,11
	1

	Reserved
	Reserved
	Reserved
	Reserved


[bookmark: OLE_LINK29]Note that up to 16 DMRS ports are supported for Rel-18 eType 1 double-symbol based DMRS and 24 DMRS ports for Rel-18 eType 2 double-symbol based DMRS, even if up to 8 DMRS ports are indicated to one UE, there are still lots of unused DMRS ports. Whether the other DMRS ports can be indicated to other UEs (i.e, for MU-MIMO) can be further studied.
For double-symbol DMRS, similarly to PDSCH transmission introduced above, up to 8 DMRS ports are supported in one CDM group. In order to reduce the scheduling complexity, the DMRS should be indicated within one CDM group. If other DMRS ports can be scheduled to other UEs, and to avoid much interference among the co-scheduled UEs, other CDM groups can be used for other UEs.
Proposal 5: For > 4 layers PUSCH, support separate indication tables for rank 5/6/7/8. DMRS ports within one CDM group can be indicated to one UE for double-symbol DMRS.
· FFS: whether to support that other DMRS ports can be scheduled to other UEs for double-symbol based Rel-18 DMRS ports.
3.2  Further enhancement on PTRS
In RAN1#111 meeting, the following agreement on the indication of association between PTRS ports and Rel-18 DMRS ports was reached [2].
	Agreement
· [bookmark: _GoBack]For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.
· Down select from the following in RAN1#112:
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with the CW with the higher MCS.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS


· Alt.2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2, and the following PTRS-DMRS association for UL PTRS port 0 is specified in TS38.212.
Table 7.3.1.1.2-25B: 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


· 


According to the legacy rule, up to 4 DMRS ports and only one PTRS port are supported for full coherent CB UL transmission and 2 bits are used to indicate the PTRS is associated to one of the 4 DMRS ports. For partial/non-coherent CB and non-CB based PUSCH transmission, up to 2 PTRS ports can be supported and each is shared by 2 DMRS ports. In this case, one bit is used for indicating which of these 2 DMRS ports is associated with the PTRS port. When up to 8 DMRS ports are supported for UL transmission, the association between DMRS ports and PTRS ports should be enhanced. Consequently, the legacy indication rule can be reused for >4 layers UL transmission and the PTRS-DMRS association indication field should be increased. For different number of PTRS ports, different number of bits are used in this field:
·  One PTRS port
In the case of 8 DMRS ports share one PTRS port, 3 bits in total are needed. Generally, these two alternatives in the above agreements can be workable. For alternative 1, in the case of the same MCS is indicated for the two CWs, a further principle is needed, i.e. which of the CW is associated with the PTRS ports. A simple way is to choose the first CW by default, but it is hard to guarantee the best DMRS port is associated with the first CW. Hence in order for the distinct indication, it is better to indicate the PTRS port is associated with one DMRS port from the up to 8 DMRS port, and the best DMRS can always be indicated to associated with the PTRS port. Hence alternative 2 is preferable.
·  More than one PTRS port
In the cases of partial/non-coherent CB and non CB based PUSCH transmission, more than one PTRS can be supported. But for the total number of PTRS ports, two aspects should be taken into consideration:
· Aspect 1: Whether larger number of DMRS ports that share one PTRS port should be supported. In the case of up to 2 PTRS ports are supported, one PTRS port should be shared by 4 DMRS ports, and the one from the 4 DMRS ports should be indicated to associate with the PTRS port. For the association of PTRS-DMRS ports, 2 bits are needed for each PTRS port and 4 bits (2bits + 2bits) in total are needed, which is shown in Table 7.
Table 7 PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of the first 2 bits
	DMRS port
	Value of the second 2 bits
	DMRS port

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

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

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

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


· Aspect 2: Whether larger number of PTRS ports should be supported. According to the legacy principle, two DMRS ports share one PTRS port. If the rules are reused in Rel-18 and up to 8 DMRS ports are indicated to one UE, larger number of PTRS ports can be considered. In this case, up to 4 PTRS ports are supported and each PTRS port can be shared by 2 DMRS ports. For the association of PTRS-DMRS ports, 1bit is needed for each PTRS port and 4 bits (1bit + 1bit + 1bit + 1bit) in total are needed, as shown in Table 8.
Table 8 PTRS-DMRS association for UL PTRS ports 0,1,2 and 3
	1st bit
	DMRS port
	2nd bit
	DMRS port
	3rd bit
	DMRS port
	4th bit
	DMRS port

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

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


Based on the above analysis, it can be found no matter whether 2 or 4 PTRS ports are supported, a total number of 4 bits are needed for the PTRS-DMRS port association of partial/non coherent CB and non-CB based PUSCH transmission.
For the number of PTRS ports, it is natural that more PTRS ports lead to more overhead for PTRS mapping, and it will cause negative impact on the spectrum efficiency of PUSCH transmission. Note that the association may be related on the codebook design for more than 4 layers codebook based UL transmission or the SRS configuration for non-codebook based UL transmission. Further more, note that only up to 2 PTRS ports can be used even for 4-Tx non-coherent CB PUSCH transmission, and this principle can be reused for PTRS that associated with more than 4 layers uplink transmission, hence 2 PTRS ports can be sufficient. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK6]Proposal 6: For the PTRS-DMRS association indication of more than 4 layers PUSCH transmission:
· [bookmark: OLE_LINK19]Support Alt.2 for full-coherent CB PUSCH transmission.
· Support to use 4 bits of the PTRS-DMRS association field in DCI if more than one PTRS port is configured.
· Support 2 PTRS ports for 5~8 layers PUSCH transmission.
[bookmark: OLE_LINK27]One more issue for PTRS enhancement is PTRS power boosting. For full-coherent CB based PUSCH transmission, up to 8 DMRS ports share one PTRS port. Hence the PTRS power is related to the shared number of DMRS ports NDMRS, i.e. the PTRS power ratio to one PUSCH layer on one is determined by 10lgNDMRS.
[bookmark: OLE_LINK23]For non-coherent CB PUSCH as well as NCB PUSCH transmission, one PTRS is shared to one DMRS, and the PTRS power ratio is determined by the number of PTRS ports NPTRS, i.e.10lgNPTRS.
For partial-coherent CB PUSCH transmission, a number of DMRS ports share one PTRS, and the PTRS power is related to the shared number of DMRS ports that share the same SRS ports in one antenna port group NDMRS and the number of PTRS ports NPTRS, 10lgNDMRS+10lgNPTRS. 
Hence for non-CB and CB based PUSCH transmission, the PTRS power ratio can be determined as in Table 9.
Table 9 Factor related to PUSCH to PT-RS power ratio per layer per RE
	The number of PUSCH layers 

	Full coherent
	Partial and non-coherent and non-codebook based
	Full coherent
	Partial and non-coherent and non-odebook based
	Full coherent
	Partial and non-coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	1
	2
	3
	4

	0
	
	3
	
	4.77
	
	6
	
	


	5
	6
	7
	8

	6.99
	
	7.78
	
	8.45
	
	9
	
	



Hence, based on above analysis, we make the following proposal:
[bookmark: OLE_LINK35]Proposal 7: Regarding the power ratio of PTRS to the related PUSCH on one RE,
· For full-coherent CB PUSCH transmission, PTRS power is related to the shared number of DMRS ports.
· For non-coherent CB PUSCH and NCB PUSCH transmission, PTRS power is related to the indicated number of PTRS ports.
· For partial-coherent CB PUSCH transmission, the PTRS power is related to the shared number of DMRS ports that share the same SRS ports in one antenna port group NDMRS and the number of PTRS ports NPTRS
Conclusion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to support larger number of orthogonal DMRS ports. The observation and proposals are listed below:
Observation: Performance loss of length 4 FD-OCC DMRS ports is existed and considerable in case of large delay spread scenario, RAN1 shall strive to handle this performance issue.
Proposal 1: For the indication of Rel-18 DMRS port in 1CW case, support that:
· Cat. 1: All the indexes and combinations of legacy DMRS ports can be completely reused, i.e. the values 0-11.
· Cat. 2: A mirror mapping rule of legacy DMRS port with new DMRS port indexes can be used, i.e. the values 12-23.
· Cat. 3: The combinations of legacy and new DMRS port indexes within one CDM group can be supported for 3 layers and 4 layers PDSCH, i.e. the values 24-29.
· FFS: Other potential entries of Cat.1, Cat.2 and Cat.3 that needed for any practical use cases.
Proposal 2: For the indication of Rel-18 DMRS port in 2CWs case, support that:
· When maxLength=1, support to indicate DMRS ports from one CDM group first.
· When maxLength=2, support to indicate DMRS ports within one CDM group only.
Proposal 3: Support to indicate the dynamic switching between the legacy DMRS ports (length 2 FD-OCC basis) and Rel-18 DMRS ports (length 4 FD-OCC basis).
· FFS: How to indicate this dynamic switching.
Proposal 4: Support to enable MU-MIMO between the legacy DMRS ports and Rel-18 DMRS ports in the same CDM group. 
· The FD-OCC of the scheduled Rel-18 DMRS ports should be orthogonal with that of the legacy DMRS ports.
· FFS: Whether/how to indicate the co-existence of Rel-18 DMRS ports and the legacy ports within the same CDM group.
Proposal 5: For > 4 layers PUSCH, support separate indication tables for rank 5/6/7/8. DMRS ports within one CDM group can be indicated to one UE for double-symbol DMRS.
· FFS: whether to support that other DMRS ports can be scheduled to other UEs for double-symbol based Rel-18 DMRS ports.
Proposal 6: For the PTRS-DMRS association indication of more than 4 layers PUSCH transmission:
· Support Alt.2 for full-coherent CB PUSCH transmission.
· Support to use 4 bits of the PTRS-DMRS association field in DCI if more than one PTRS port is configured.
· Support 2 PTRS ports for 5~8 layers PUSCH transmission.
Proposal 7: Regarding the power ratio of PTRS to the related PUSCH on one RE,
· For full-coherent CB PUSCH transmission, PTRS power is related to the shared number of DMRS ports.
· For non-coherent CB PUSCH and NCB PUSCH transmission, PTRS power is related to the indicated number of PTRS ports.
· For partial-coherent CB PUSCH transmission, the PTRS power is related to the shared number of DMRS ports that share the same SRS ports in one antenna port group NDMRS and the number of PTRS ports NPTRS
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Appendix
Table 1 SLS assumptions for 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B in TR 38.901 

	Delay spread 
	Baseline: 1000ns

	UE velocity 
	Baseline: 3km/h

	Allocation bandwidth 
	20MHz 

	MIMO scheme 
	Baseline: MU-MIMO 

	BS antenna configuration 
	16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 

	UE antenna configuration 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank 1

	MIMO Rank 
	1 per UE, rank fixed

	UE number for MU-MIMO 
	2

	Precoding and precoding granularity 
	SVD based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	eType 2

	DMRS configurations 
	Single symbol DMRS and 1 additional DMRS symbol 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 

	Link adaptation 
	Fixed modulation, coding and rank for BLER evaluation as baseline. 

	HARQ 
	Baseline: Off 

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread 

	Receiver type 
	MMSE as baseline 

	EVM 
	No radio impairments  



Table 2 Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	1
	0
	Cat. 1

	1
	1
	1
	

	2
	1
	0,1
	

	3
	2
	0
	

	4
	2
	1
	

	5
	2
	2
	

	6
	2
	3
	

	7
	2
	0,1
	

	8
	2
	2,3
	

	9
	2
	0-2
	

	10
	2
	0-3
	

	11
	2
	0,2
	

	12
	1
	8
	Cat.2

	13
	1
	9
	

	14
	1
	8,9
	

	15
	2
	8
	

	16
	2
	9
	

	17
	2
	10
	

	18
	2
	11
	

	19
	2
	8,9
	

	20
	2
	10,11
	

	21
	2
	8-10
	

	22
	2
	8-11
	

	23
	2
	8, 10
	

	24
	1
	0,1,8
	Cat.3

	25
	1
	0,1,8,9
	

	26
	2
	0,1,8
	

	27
	2
	0,1,8,9
	

	28
	2
	2,3,10
	

	29
	2
	2,3,10,11
	




Table 3 Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	2
	2
	0-3,12

	3
	2
	0
	3
	2
	0-3,12,13

	4
	2
	1
	4
	2
	0-3,12-14

	5
	2
	2
	5
	2
	0-3,12-15

	6
	2
	3
	6-63
	Reserved
	Reserved

	7
	2
	0,1
	
	
	

	8
	2
	2,3
	
	
	

	9
	2
	0-2
	
	
	

	10
	2
	0-3
	
	
	

	11
	3
	0
	
	
	

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1
	
	
	

	18
	3
	2,3
	
	
	

	19
	3
	4,5
	
	
	

	20
	3
	0-2
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24
	1
	12
	
	
	

	25
	1
	13
	
	
	

	26
	1
	12,13
	
	
	

	27
	2
	12
	
	
	

	28
	2
	13
	
	
	

	29
	2
	14
	
	
	

	30
	2
	15
	
	
	

	31
	2
	12,13
	
	
	

	32
	2
	14,15
	
	
	

	33
	2
	12-14
	
	
	

	34
	2
	12-15
	
	
	

	35
	3
	12
	
	
	

	36
	3
	13
	
	
	

	37
	3
	14
	
	
	

	38
	3
	15
	
	
	

	39
	3
	16
	
	
	

	40
	3
	17
	
	
	

	41
	3
	12,13
	
	
	

	42
	3
	14,15
	
	
	

	43
	3
	16,17
	
	
	

	44
	3
	12-14
	
	
	

	45
	3
	15-17
	
	
	

	46
	3
	12-15
	
	
	

	47
	2
	12,14
	
	
	

	48
	1
	0,1,12
	
	
	

	49
	1
	0,1,12,13
	
	
	

	50
	2
	0,1,12
	
	
	

	51
	2
	0,1,12,13
	
	
	

	52
	2
	2,3,14
	
	
	

	53
	2
	2,3,14,15
	
	
	

	54
	3
	0,1,12
	
	
	

	55
	3
	0,1,12,13
	
	
	

	56
	3
	2,3,14
	
	
	

	57
	3
	2,3,14,15
	
	
	

	58
	3
	4,5,16
	
	
	

	59
	3
	4,5,16,17
	
	
	

	60-63
	[bookmark: OLE_LINK38]Reserved
	Reserved
	
	
	



[bookmark: OLE_LINK40]Table 4 Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

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

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

	4
	2
	1
	1
	4
	1
	0,1,4,5,8
	2

	5
	2
	2
	1
	5
	1
	0,1,4,5,8,9
	2

	6
	2
	3
	1
	6
	1
	0,1,4,5,8,9,12
	2

	7
	2
	0,1
	1
	7
	1
	0,1,4,5,8,9,12,13
	2

	8
	2
	2,3
	1
	8
	2
	0,1,4,5,8
	2

	9
	2
	0-2
	1
	9
	2
	0,1,4,5,8,9
	2

	10
	2
	0-3
	1
	10
	2
	0,1,4,5,8,9,12
	2

	11
	2
	0,2
	1
	11
	2
	0,1,4,5,8,9,12,13
	2

	12
	2
	0
	2
	12
	2
	2,3,6,7,10
	2

	13
	2
	1
	2
	13
	2
	2,3,6,7,10,11
	2

	14
	2
	2
	2
	14
	2
	2,3,6,7,10,11,14
	2

	15
	2
	3
	2
	15
	2
	2,3,6,7,10,11,14,15
	2

	16
	2
	4
	2
	16-127
	[bookmark: OLE_LINK42]Reserved
	Reserved
	Reserved

	17
	2
	5
	2
	
	
	
	

	18
	2
	6
	2
	
	
	
	

	19
	2
	7
	2
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	

	23
	2
	6,7
	2
	
	
	
	

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	31
	1
	8
	1
	
	
	
	

	32
	1
	9
	1
	
	
	
	

	33
	1
	8,9
	1
	
	
	
	

	34
	2
	8
	1
	
	
	
	

	35
	2
	9
	1
	
	
	
	

	36
	2
	10
	1
	
	
	
	

	37
	2
	12
	1
	
	
	
	

	38
	2
	8,9
	1
	
	
	
	

	39
	2
	10,11
	1
	
	
	
	

	40
	2
	8-10
	1
	
	
	
	

	41
	2
	8-11
	1
	
	
	
	

	42
	2
	8,10
	1
	
	
	
	

	43
	2
	8
	2
	
	
	
	

	44
	2
	9
	2
	
	
	
	

	45
	2
	10
	2
	
	
	
	

	46
	2
	11
	2
	
	
	
	

	47
	2
	12
	2
	
	
	
	

	48
	2
	13
	2
	
	
	
	

	49
	2
	14
	2
	
	
	
	

	50
	2
	15
	2
	
	
	
	

	51
	2
	8,9
	2
	
	
	
	

	52
	2
	10,11
	2
	
	
	
	

	53
	2
	12,13
	2
	
	
	
	

	54
	2
	14,15
	2
	
	
	
	

	55
	2
	8,12
	2
	
	
	
	

	56
	2
	10,14
	2
	
	
	
	

	57
	2
	8,9,12
	2
	
	
	
	

	58
	2
	10,11,14
	2
	
	
	
	

	59
	2
	8,9,12,13
	2
	
	
	
	

	60
	2
	10,11,14,15
	2
	
	
	
	

	61
	2
	8,10,12,14
	2
	
	
	
	

	62
	1
	0,1,8
	1
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	

	64
	2
	0,1,8
	1
	
	
	
	

	65
	2
	0,1,8,9
	1
	
	
	
	

	66
	2
	2,3,10
	1
	
	
	
	

	67
	2
	2,3,10,11
	1
	
	
	
	

	68
	1
	0,1,8
	2
	
	
	
	

	69
	1
	0,1,8,9
	2
	
	
	
	

	70
	2
	0,1,8
	2
	
	
	
	

	71
	2
	0,1,8,9
	2
	
	
	
	

	72
	2
	2,3,10
	2
	
	
	
	

	73
	2
	2,3,10,11
	2
	
	
	
	

	74-127
	Reserved
	Reserved
	Reserved
	
	
	
	


Table 5 Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
	2

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

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

	6
	2
	3
	1
	6
	1
	0,1,6,7,12
	2

	7
	2
	0,1
	1
	7
	1
	0,1,6,7,12,13
	2

	8
	2
	2,3
	1
	8
	1
	0,1,6,7,12,13,18
	2

	9
	2
	0-2
	1
	9
	1
	0,1,6,7,12,13,18,19
	2

	10
	2
	0-3
	1
	10
	2
	0,1,6,7,12
	2

	11
	3
	0
	1
	11
	2
	0,1,6,7,12,13
	2

	12
	3
	1
	1
	12
	2
	0,1,6,7,12,13,18
	2

	13
	3
	2
	1
	13
	2
	0,1,6,7,12,13,18,19
	2

	14
	3
	3
	1
	14
	2
	2,3,8,9,14
	2

	15
	3
	4
	1
	15
	2
	2,3,8,9,14,15
	2

	16
	3
	5
	1
	16
	2
	2,3,8,9,14,15,16
	2

	17
	3
	0,1
	1
	17
	2
	2,3,8,9,14,15,16,17
	2

	18
	3
	2,3
	1
	18
	3
	0,1,6,7,12
	2

	19
	3
	4,5
	1
	19
	3
	0,1,6,7,12,13
	2

	20
	3
	0-2
	1
	20
	3
	0,1,6,7,12,13,18
	2

	21
	3
	3-5
	1
	21
	3
	0,1,6,7,12,13,18,19
	2

	22
	3
	0-3
	1
	22
	3
	2,3,8,9,14
	2

	23
	2
	0,2
	1
	23
	3
	2,3,8,9,14,15
	2

	24
	3
	0
	2
	24
	3
	2,3,8,9,14,15,16
	2

	25
	3
	1
	2
	25
	3
	2,3,8,9,14,15,16,17
	2

	26
	3
	2
	2
	26
	3
	4,5,10,11,16
	2

	27
	3
	3
	2
	27
	3
	4,5,10,11,16,17
	2

	28
	3
	4
	2
	28
	3
	4,5,10,11,16,17,22
	2

	29
	3
	5
	2
	29
	3
	4,5,10,11,16,17,22,23
	2

	30
	3
	6
	2
	30-255
	Reserved
	Reserved
	Reserved

	31
	3
	7
	2
	
	
	
	

	32
	3
	8
	2
	
	
	
	

	33
	3
	9
	2
	
	
	
	

	34
	3
	10
	2
	
	
	
	

	35
	3
	11
	2
	
	
	
	

	36
	3
	0,1
	2
	
	
	
	

	37
	3
	2,3
	2
	
	
	
	

	38
	3
	4,5
	2
	
	
	
	

	39
	3
	6,7
	2
	
	
	
	

	40
	3
	8,9
	2
	
	
	
	

	41
	3
	10,11
	2
	
	
	
	

	42
	3
	0,1,6
	2
	
	
	
	

	43
	3
	2,3,8
	2
	
	
	
	

	44
	3
	4,5,10
	2
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	

	48
	1
	0
	2
	
	
	
	

	49
	1
	1
	2
	
	
	
	

	50
	1
	6
	2
	
	
	
	

	51
	1
	7
	2
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58
	1
	12
	1
	
	
	
	

	59
	1
	13
	1
	
	
	
	

	60
	1
	12,13
	1
	
	
	
	

	61
	2
	12
	1
	
	
	
	

	62
	2
	13
	1
	
	
	
	

	63
	2
	14
	1
	
	
	
	

	64
	2
	15
	1
	
	
	
	

	65
	2
	12,13
	1
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