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Introduction

In RAN#94e, the following was agreed for the enhancement of the DMRS ports in downlink and uplink in Rel. 18 [1].
	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



In this contribution, various aspects regarding DMRS enhancements for increasing the number of orthogonal ports are discussed.
Port indication for increased number of DMRS ports

In RAN1#112, the following was agreed on this topic [2]:
	Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18.

Agreement
· For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support at least support the following rows:
· For 1 CW,
· 1) Row 0-2, 12-14, 24-25 (rows with Number of DMRS CDM group(s) without data = 1)

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, at least support the following rows:
· For 1 CW,
· 2) Row 9-11
· For the above rows, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Working Assumption
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, for 2 CWs,
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,1,2,3,8

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

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

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



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-DCI based M-TRP, support at least the following row(s):
· For one CW, support at least row 30 in the following table.
· For the above row, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· FFS: other rows are not precluded
Table 7.3.1.2.2-1A-X: 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)

	…
	…
	…

	30
	2
	0,2,3



Working assumption
· To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].

Agreement
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, following Table 7.3.1.1.2-8-X, Table 7.3.1.1.2-9-X, Table 7.3.1.1.2-10-X, and Table 7.3.1.1.2-11-X are supported.
· FFS: Whether to increase the size of antenna ports field in DCI format 0_1/0_2 or not.
· Note: Antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 1/2 and eType1 DMRS ports with maxLength = 2 for PUSCH are to be discussed separately.

Table 7.3.1.1.2-8-X: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	[7]
	[2]
	[8,10]

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	[1]
	[2]
	[8-10]

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	[1]
	[2]
	[8-11]

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved






In this section, two further aspects regarding Rel. 18 DMRS port indication are discussed:
· Valid port indices that can be indicated for PDSCH/PUSCH in MU-MIMO and multi-TRP use-cases.
· Port indication field enhancements for the increased number of ports.
Valid port indices for MU-MIMO and MTRP SDMed-PDSCH

In RAN1#111 [3], it has been agreed that up to 4 layers per UE can be indicated for Rel. 18 UEs within the same CDM group, at least for S-TRP. As agreed in RAN1#110-bis-e in the case of scheduling Rel. 15 and Rel. 18 MU-MIMO users [4], there shall be no restrictions between two Rel. 18 UEs scheduled in two different CDM groups either for the PDSCH or the PUSCH. However, with support for up to 4 layers within the same CDM group for Rel. 18 DMRS, when 2 or more layers are scheduled for a UE, the network shall avoid scheduling any other user in the same CDM group. The reason for this restriction is to avoid significant degradation of PDSCH/PUSCH performance and channel estimation accuracy. Such a scheduling restriction can be left to network implementation without any specification impact for both the PDSCH and the PUSCH. 

Proposal 1: For UE scheduled with Rel. 18 DMRS ports, at least when more than 2 layers of PDSCH/PUSCH are scheduled for a UE, the network shall not schedule any other user in the same CDM group.
· This restriction can be achieved through network implementation without specifying any expectation of the restriction to the UE. 
In the case of single-DCI-based multi-TRP scheduling, Rel. 16 allows the scheduling of up to 2 layers per TRP and up to 4 layers in total across TRPs, whereas each TRP is associated with a different CDM group for the PDSCH (only single codeword PDSCH transmission is allowed). The codeword-to-layer mapping was not altered and only the CDM groups that the ports belong to determine the mapping of the ports to a TRP. 

[bookmark: _GoBack]With up to 4 layers per CDM group for Rel. 18 DMRS with a single symbol, the extension to 4 layers per TRP is a possible enhancement for multi-TRP PDSCH. A 5-8 layer transmission of the PDSCH may occur with one or two codewords. With a single codeword, a modification of the layer to codeword mapping is required, which would be a significant specification modification. Moreover, with the difference in strength between the strongest and the weakest layers possibly significant with increasing number of layers, having a single codeword across 5-8 layers may weaken both PDSCH throughput and reliability. Therefore, using two codewords for 5-8 layer multi-TRP transmissions is preferred. While all layers are mapped to a single codeword in Rel. 16, the extension to multiple codewords with Rel. 18 DMRS leads to the following options: 
· Option 1: A codeword may be associated with two TRPs and hence, two different CDM groups: Consider a codeword-layer mapping of a 5-layer PxSCH and a port indication comprising 4 ports from CDM group 0 and 1 layer from CDM group 1, all layers of the first codeword (2 layers) are mapped to CDM group 0 and two of the three layers of the second codeword are mapped to CDM group 1. Each CDM group is associated with a different TRP as in Rel. 16. Such a split may not follow the indexing of the ports in terms of the strongest precoding layer. This approach complicates link adaptation with the two TRPs. With the layer strengths shuffled between the two TRPs, the indication of the PMI according to strongest layers and their association with the two codewords increases the CSI reporting complexity. Therefore, such a split has a significant impact on the CSI reporting framework for the 2 CW case. 
· Option 2: The ports associated with the two TRPs are split between two different CDM groups and a given codeword is always associated with one TRP: This method can reuse the existing 2-codeword based CSI feedback. The additional specification impact would be the inclusion of port combinations for two codeword (>4 layer) transmissions with the following splits between TRPs: 2+3, 3+3, 3+4, 4+4, where each codeword corresponds to one TRP. 
Proposal 2: For single-DCI-based multi-TRP scheduling of PDSCH-SDM, consider the following alternatives for Rel. 18 DMRS:
· Alt. 1: Retain Rel. 16 scheduling – support up to two layers per TRP, with each TRP associated with a different CDM group.
· Alt. 2: Support of up to 4 layers per TRP using two codewords, wherein each TRP is associated with a different codeword and a different CDM group. 
Port indication field enhancements

Due to the increase of the number of DMRS ports for the Rel. 18 DMRS configurations, the DCI indication of the DMRS ports for PDSCH and PUSCH need to be enhanced. In our view, retaining or reusing much of the legacy DMRS port indication is not only attractive for backward compatibility purposes, but also has lower specification workload. 

To reuse the available DMRS port indication tables, the size of the DMRS field in the DCI may be kept unchanged. A second field, which is additionally included in the DCI or obtained via the reuse of an existing field in the DCI can be utilized to indicate port indices from the larger set of indices available with the Rel. 18 DMRS. The second field can be used in the following ways:
· Opt.1: The field may indicate an offset value that adds to the port index value(s) indicated by the antenna ports field. An example would be the method explained in the FL summary from RAN1#110-bis-e [4]. The field is of size 1 bit and a value of 0 indicates no offset and a value of 1 indicates an offset value according to the DMRS type (e.g., 8 for type 1 and 12 for type 2). The field size may also be greater than 1 and the offset value may apply to a subset of port indices indicated by the antenna ports field. This might facilitate the inclusion of more than 2 ports within the same CDM group, even for single-symbol DMRS, with the available port index tables.
· Opt. 2: The field may indicate a port mapping function, which includes not only an offset value, but also a scaling of the port indices. This allows for a broader range of port index combinations to be indicated. 
Opt. 1 may especially be helpful in the UL as the rank is set by the TPMI or SRI. The port indices in the UL DMRS tables have a uniform number of port indices and cover many or all possible combinations of port indices and CDM groups used. With an offset value in the DCI, all possible port Rel. 18 combinations can be covered for UL DMRS. Moreover, with a larger number of tables to revise, the specification effort is saved a lot with this method. In the case of PDSCH, to increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables can be assigned with new sets of port indices.

Proposal 3: A second field in the DCI is used to map the Rel. 15-17 DMRS port indices indicated by the ‘antenna ports’ field to the broader range of port indices in Rel. 18 DMRS for both PDSCH and PUSCH via the indication of an offset value.

Proposal 4: To increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables shall be assigned with new sets of port indices. 

For the above method of the port indication, the number of CDM groups without data for the possible Rel. 18 DMRS port indices may have to be modified in certain cases. Since a higher number of ports can be included within a given CDM group, the total number of CDM groups that the UE may be required to rate-match against may be reduced in certain cases when more than 2 DMRS ports from the same CDM group can be scheduled even for single-symbol DMRS. The UE can be enabled to reduce the number of CDM groups without data in comparison with Rel. 17 automatically based on the port indices used for the Rel. 18 DMRS via fixed specification rules or network indication.

Proposal 5: RAN1 shall investigate the modification of the number of CDM groups without data along with port-offset indication.
Additional enhancements for increasing orthogonal DMRS ports

In RAN1#109-e [4], the following options were agreed to be considered for increasing the number of orthogonal DMRS ports. 
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6). 
· Opt.2 (enhance TD-OCC): Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols) 
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM). 
· Opt.4 (using TDMed DMRS symbol): reusing additional DMRS symbols to increase orthogonal DMRS ports.
· Opt.5 TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM: reusing additional DMRS symbol(s) to improve channel estimation performance. 

Among the various considered enhancements, enhanced FD-OCC or longer FD-OCC length than Rel. 15 (Opt-1) offered a straight-forward extension of Rel. 15 DMRS and was applicable universally to any DMRS configuration. It was agreed to be specified in RAN1#110-bis-e [4], while still being open to further enhancements. 

The pros and cons of the other proposed methods are as follows:
· Opt. 2 – Enhanced Time Domain (TD) Orthogonal Cover Code (OCC): This enhancement is applicable only for a limited set of DMRS configurations. Multiple DMRS symbols and/or additional symbols is a requirement for this method. Since TD-OCC already is applied across front-load symbols, the inclusion of the additional symbols is the enhancement in this method. In cases where there are no additional symbols, which may be the case more often with double symbol DMRS, such an enhancement may not apply. 
· Opt. 3 – Sparser frequency allocation or FDM (frequency division multiplexing): The reduction of the number of REs in frequency domain may lead to performance degradation when the channel delay spread is high. Moreover, with MU-MIMO scheduling and the influence of interference, the degradation may be even worse. This method requires new resource mapping and DMRS ports tables, and hence new DMRS configurations which results in a high specification effort. In addition, with a new resource mapping, the PAPR and power control for DMRS may also have to be further studied.
· Opt. 4 – Using TDM-ed DMRS symbol: This is a way of sparser allocation of DMRS REs, but in the time domain. This option is applicable only in restricted scenarios – with additional DMRS symbols – and is hence not always applicable. The analysis of PAPR of DMRS may be additionally necessary for this method.
· Opt. 5 – TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM: This is a combination of options 1/2 and options 2/4. With the complexities involved with each method individually, a combination of them poses very high specification effort.

In our perspective, specifying a single DMRS enhancement scheme is sufficient and additional schemes are not necessary. Specifying multiple methods with increased workload and the potential performance drawbacks is not preferred.

Observation 1: Sparser frequency allocation or FDM (Opt. 3) leads to performance degradation at high channel delay spreads by design and has high specification effort, and hence it is preferred not to support this enhancement. 

Observation 2: Time-domain-based enhancements such as TD-OCC and TDM (Opt. 2, 4 and 5) are applicable only for restricted DMRS configurations and are not universal. Therefore, they are not well suited for increasing the number of orthogonal DMRS ports.

Proposal 6: Longer FD-OCC shall be the only DMRS enhancement for increasing the number of orthogonal ports. Additional schemes shall not be specified.
Conclusion

The following observations and proposals are made in the discussions in this contribution. 

Proposal 1: For UE scheduled with Rel. 18 DMRS ports, at least when more than 2 layers of PDSCH/PUSCH are scheduled for a UE, the network shall not schedule any other user in the same CDM group.
· This restriction can be achieved through network implementation without specifying any expectation of the restriction to the UE. 
Proposal 2: For single-DCI-based multi-TRP scheduling of PDSCH-SDM, consider the following alternatives with Rel. 18 DMRS:
· Alt. 1: Retain Rel. 16 scheduling – support up to two layers per TRP, with each TRP associated with a different CDM group.
· Alt. 2: Support of up to 4 layers per TRP using two codewords, wherein each TRP shall be associated with a different codeword and a different CDM group.
Proposal 3: A second field in the DCI is used to map the Rel. 15-17 DMRS port indices indicated by the ‘antenna ports’ field to the broader range of port indices in Rel. 18 DMRS for both PDSCH and PUSCH via the indication of an offset value.

Proposal 4: To increase the total number of port index combinations supported via port-offset indication, the reserved entries in the DMRS port index tables shall be assigned with new sets of port indices. 

Proposal 5: RAN1 shall investigate the modification of the number of CDM groups without data along with port-offset indication.

Observation 1: Sparser frequency allocation or FDM (Opt. 3) leads to performance degradation at high channel delay spreads by design and has high specification effort, and hence it is preferred not to support this enhancement. 

Observation 2: Time-domain-based enhancements such as TD-OCC and TDM (Opt. 2, 4 and 5) are applicable only for restricted DMRS configurations and are not universal. Therefore, they are not well suited for increasing the number of orthogonal DMRS ports.

Proposal 6: Longer FD-OCC shall be the only DMRS enhancement for increasing the number of orthogonal ports. Additional schemes shall not be specified.
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