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Introduction
The Rel-18 WID [1] includes the following objectives regarding the Rel-18 DMRS enhancements.
	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.



This contribution provides Samsung’s view regarding the Rel-18 DMRS enhancements highlighted above.

Increased number of DMRS ports for DL/UL MU-MIMO
1.1 Potential enhancement directions to increase the number of orthogonal DMRS ports
The main objective of this agenda item is to increase the number of orthogonal DMRS ports for DL/UL MU-MIMO. In the current specification until Rel-17, there are two DMRS types, i.e., DMRS type 1 and DMRS type 2, and the following Table 1 summarizes the key features of each DMRS type and Figure 1 shows the RE mapping and the applied OCC for all DMRS ports included in CDM groups of each DMRS type with 1 front loaded symbol. As shown in the red dotted line in Figure 1, the length-2 FD-OCC is applied for two REs (e.g., RE#0 and RE#2) with 2-RE distance for DMRS type 1, and the length-2 FD-OCC is applied for two consecutive REs (e.g., RE#0 and RE#1) for DMRS type 2.

Table 1. Comparison between DMRS type 1 and DMRS type 2
	
	DMRS type 1
	DMRS type 2

	Number of CDM groups
	2
	3

	1-front loaded symbol
	Number of orthogonal ports within CDM group
	2
	2

	
	OCC
	Length-2 FD-OCC
	Length-2 FD-OCC

	
	Total number of orthogonal ports
	4
	6

	2-front loaded symbols
	Number of orthogonal ports within CDM group
	4
	4

	
	OCC
	Length-4 TD-FD-OCC
	Length-4 TD-FD-OCC

	
	Total number of orthogonal ports
	8
	12

	RE distance within OCC
	2 (Comb-like RE mapping)
	1 (consecutive REs)

	RE density
	6 REs per RB
	4 REs per RB
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Figure 1. RE mapping and OCC allocation for DMRS type 1 and DMRS type 2 with 1-front loaded symbol

In RAN1#109-e [2], it was agreed that the maximum number of orthogonal DMRS ports will be specified in Rel-18 MIMO, and the enhancement will include that the maximum number of orthogonal ports is doubled for both 1 and 2 front loaded symbols of each DMRS type without increasing DMRS overhead, as follows.
	Agreement
· Specify to increase the max. number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead.
· Strive to have common design of DMRS enhancement for PDSCH and PUSCH for a given DMRS Type.
Agreement
· The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports:
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 8 DMRS ports.
· Double symbol DMRS: 16 DMRS ports.
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 12 DMRS ports.
· Double symbol DMRS: 24 DMRS ports.



To achieve the final goal without additional DMRS overhead, we would have two potential enhancement directions as follows.

Direction 1) Increase the number of CDM groups
The first direction is to increase the number of CDM groups to twice the current number, where each CDM group has same number of ports as current DMRS types. If the number of CDM groups is increased, the RE density per RB for each DMRS port would be decreased. Figures 2 and 3 show the examples of RE mapping for new DMRS type 1 with two variants, and new DMRS type 2, respectively, considering Direction 1.
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Figure 2. Example of RE mapping for new DMRS type 1 with two Variants considering Direction 1

[image: ]
Figure 3. Example of RE mapping for new DMRS type 2 considering Direction 1

In order to allocate orthogonal REs for each CDM group, DMRS RE mapping for new DMRS types seems sparser than the current DMRS types. We can consider two different variants for the new DMRS type 1 depending on the arrangement of the DMRS REs:
· Variant A – The basic principle for RE mapping of Variant A is an extension of current DMRS type 1 considering Comb-4 structure whereas Comb-2 structure has been utilized in the current DMRS type 1. Comparing between the current DMRS type 1 and new DMRS type 1 of variant A, the length-2 FD-OCC is used for both since the number of DMRS ports within each CDM group is same as current, but the RE distance between REs over which OCC is applied is increased from 2 to 4 REs when new DMRS type 1 of variant A is considered. The RE density per RB is half of the current DMRS type 1 due to the sparser RE mapping considering the increased number of CDM groups. 
· Variant B – The basic principle for RE mapping of Variant B is to maintain the RE distance between REs over which OCC is applied as 2 which is same as that of current DMRS type 1. Comparing between the current DMRS type 1 and new DMRS type 1 of Variant B, the length-2 FD-OCC is used for both since the number of DMRS ports within each CDM group is same as current. However, the distance between two consecutive DMRS REs, which for current DMRS type 1 is fixed at 2 (Comb-2 like mapping) is increased further, with the nearest and farthest RE distances being 2 (between RE#0 and RE#2) and 6 (RE#2 and RE#8), respectively. Also, due to the maintained RE distance within OCC and the increased number of CDM groups, the RE density is not the same on two RBs, i.e., 4 REs and 2 REs in the first and second RB, respectively.

For both Variant A and B of new DMRS type 1, when we consider Direction 1, the frequency domain resource allocation for PDSCH/PUSCH scheduling would have a restriction of 2-RB granularity. Also, for 1 front loaded DMRS symbol, up to 8 orthogonal DMRS ports can be supported by using both Variant A and B of new DMRS type 1.

Comparing the current DMRS type 2 and new DMRS type 2, the length-2 FD-OCC is applied to consecutive REs for both types due to the same number of DMRS ports within each CDM group. Although there are two DMRS RE groups in the current DMRS type 2 within 1 RB, since the number of CDM groups is increased, only a single DMRS RE group is allocated for each DMRS port in 1 RB. Hence, when we consider more than 1 RB scheduling for PDSCH/PUSCH, the distance between DMRS RE groups (the first RE group includes RE#0 and RE#1 of the first RB, and the second RE group includes RE#0 and RE#1 of the second RB) in the same CDM group is 10, which is increased from 4 (the first RE group includes RE#0 and RE#1, and the second RE group includes RE#6 and RE#7) in the current DMRS type 2. For the new DMRS type 2, similar with the Variant A of new DMRS type 1, the RE density per RB is half of the current DMRS type 2 due to the sparser RE mapping considering the increased number of CDM groups. Based on this RE mapping, the frequency domain resource allocation more than one RB is preferable. This is because DMRS REs are concentrated in a certain location of RB, and an extrapolation to non-DMRS REs would be required if PDSCH/PUSCH is scheduled by only one RB. Also, for 1 front loaded DMRS symbol, up to 12 orthogonal DMRS ports can be supported by using new DMRS type 2.

Observation 1. By increasing the number of CDM groups as twice where each CDM group has same number of ports as current DMRS types, DMRS RE mapping would be sparser than the current DMRS type, and there might be a corresponding restriction on frequency domain resource allocation.

Direction 2) Increase the number of DMRS ports within CDM group
The second direction is to increase the number of DMRS ports within CDM group as twice where the number of CDM group is same as current. If the number of DMRS ports within CDM group is increased, the longer length of OCC should be needed to distinguish among DMRS ports within the same CDM group. However, since the number of CDM group is maintained, the current RE mapping pattern can be also maintained if we extend OCC length with given current RE mapping. Figure 4 shows an example of RE mapping for new DMRS type 1 and type 2 considering Direction 2.
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Figure 4. Example of RE mapping for new DMRS type 1 considering Direction 2
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Figure 5. Example of RE mapping for new DMRS type 2 considering Direction 2

In order to include more number of DMRS ports as twice within each CDM group, longer length of OCC would be used for each CDM group than the current DMRS types. We can consider two different variants for the new DMRS type 1 depending on the length of FD-OCC:
· Variant A – The RE mapping of Variant A is same as that of current DMRS type 1. Comparing between the current DMRS type 1 and the Variant A, given the same RE mapping for both, the length-6 FD-OCC is used for a new DMRS type 1 which is extended from length-2 FD-OCC in current DMRS type 1. Hence, although the RE distance within OCC is 2 REs in current DMRS type 1, the nearest and farthest RE distance are 2 (between RE#0 and RE#2) and 10 (RE#0 and RE#10), respectively. Since the current RE mapping can be re-used, there is no scheduling restriction using multiple RB granularity for frequency domain resource allocation.
· Variant B – The RE mapping of Variant B is same as that of current DMRS type 1. Comparing between the current DMRS type 1 and the Variant B, given the same RE mapping for both, the length-4 FD-OCC is used for a new DMRS type 1 which is extended from length-2 FD-OCC in current DMRS type 1. Hence, although the RE distance within OCC is 2 REs in current DMRS type 1, the nearest and farthest RE distance are 2 (between RE#0 and RE#2) and 6 (RE#0 and RE#6), respectively. Although the current RE mapping can be re-used, due to the length-4 FD-OCC, the frequency domain resource allocation for PDSCH/PUSCH scheduling would have a restriction of 2-RB granularity.

Similarly, for new DMRS type 2, we can consider two different variants depending on the RE mapping method:
· Variant A – The RE mapping of Variant A is same as that of current DMRS type 2. Comparing between the current DMRS type 2 and the Variant A, given the same RE mapping for both, the length-4 FD-OCC is used for a new DMRS type 2 which is extended from length-2 FD-OCC in current DMRS type 2. Hence, although the OCC is applied to consecutive two REs in current DMRS type 2, the nearest and farthest RE distance are 1 (between RE#0 and RE#1) and 7 (RE#0 and RE#7), respectively. Since the current RE mapping can be re-used, there is no scheduling restriction using multiple RB granularity for frequency domain resource allocation.
· Variant B – The RE mapping of Variant B which one RE group with 4 consecutive REs is different as that of current DMRS type 2 which two RE groups with 2 consecutive REs each are used. Comparing between the current DMRS type 2 and the Variant B, the length-4 FD-OCC is used for a new DMRS type 2 which is extended from length-2 FD-OCC in current DMRS type 2. Hence, although the OCC is applied to consecutive two REs in current DMRS type 2, the nearest and farthest RE distance are 1 (between RE#0 and RE#1) and 3 (RE#0 and RE#3), respectively. Although the current RE mapping cannot be re-used, there is no scheduling restriction using multiple RB granularity for frequency domain resource allocation.

Observation 2. By increasing the number of DMRS ports within CDM group as twice where the number of CDM group is same as current, DMRS RE mapping can be maintained which is same as the current DMRS type but longer OCC would be applied to distinguish more DMRS ports within CDM group, and there is no scheduling restriction for frequency domain resource allocation except Variant B of new DMRS type 1 (using length-4 FD-OCC).

Based on the above observations and analyses, it can be summarized as followed Table 2 for new DMRS type 1 and type 2 considering both Direction 1 & 2, and it would be good to start from both Direction 1 & 2 to achieve increased number of orthogonal DMRS ports for DL/UL MU-MIMO.

Table 2. Comparison between new DMRS type 1 and type 2 considering Directions 1 and 2
	
	New DMRS type 1
	New DMRS type 2

	
	Direction 1
	Direction 2
	Direction 1
	Direction 2

	# CDM groups
	4
	2
	6
	3

	1-front loaded symbol
	# orthogonal ports within CDM group
	2
	4
	2
	4

	
	OCC
	Length-2 
FD-OCC
	Length-4 or 6
FD-OCC
	Length-2
FD-OCC
	Length-4
FD-OCC

	
	Total # of orthogonal ports
	8
	12

	2-front loaded symbol
	# orthogonal ports within CDM group
	4
	8
	4
	8

	
	OCC
	Length-4 
TD-FD-OCC
	Length-8 or 12 
TD-FD-OCC
	Length-4 
TD-FD-OCC
	Length-8 
TD-FD-OCC

	
	Total # of orthogonal ports
	16
	24

	RE distance within OCC
	Variant A: 4
Variant B: 2 (Comb-like 
RE mapping)
	Variant A: From 2 to 10
(Comb-2 with length-6 OCC)
Variant B: From 2 to 6
	1 
(consecutive 
2 REs)
	Variant A: From 1 to 7 
(2 RE groups with length-4 OCC)
Variant B: From 1 to 3 (1 RE groups with length-4 OCC)

	RE density (REs per RB)
	Variant A: 3
Variant B:
4 (1st RB) or
2 (2nd RB)
	6
	2
	4



In RAN1#109-e [2], some potential enhancement options to achieve increased number of orthogonal DMRS ports were also agreed to study as follows.
	Agreement
· To increase the number of DMRS ports for PDSCH/PUSCH, evaluate and, if needed, specify one or more from the following options:
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6).
· Study aspect includes potential performance degradation in large delay spread, potential scheduling restriction, backward compatibility.
· Opt.2 (enhance TD-OCC): Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols)
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility.
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM).
· Study aspect includes potential performance degradation in large delay spread, backward compatibility.
· Opt.4 (using TDMed DMRS symbol): reusing additional DMRS symbols to increase orthogonal DMRS ports
· Study aspect includes potential performance degradation in high UE velocity, potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· 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.
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility.
· The same option can be applied to both single symbol DMRS and double symbol DMRS.



Based on the above options, we would like to show our simulation results. We have simulated some variants of Direction 1 and 2 as aforementioned in above which are corresponding to Opt.3 (Sparser frequency allocation) and Opt.1 (enhance FD-OCC), respectively, and also for TD-OCC, which is Opt.2. Detailed simulation parameters are summarized in Appendix.
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Figure 6. BLER versus SNR curves for DMRS types 1 and 2 considering all Directions in CDL-C channel with 30ns delay-spread and 3kmph UE speed
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Figure 7. BLER versus SNR curves for DMRS types 1 and 2 considering all Directions in CDL-C channel with 30ns delay-spread and 30kmph UE speed
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Figure 8. BLER versus SNR curves for DMRS types 1 and 2 considering all Directions in CDL-C channel with 300ns delay-spread and 3kmph UE speed
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Figure 9. BLER versus SNR curves for DMRS types 1 and 2 considering all Directions in CDL-C channel with 300ns delay-spread and 30kmph UE speed


Figure 10. BLER versus SNR curves for DMRS type 1 considering all Directions in CDL-C channel with 300ns delay-spread and 120kmph UE speed

As we can see above, all the proposals perform similarly at low delay-spreads and low UE speeds (30ns DS, 3kmph). As the speed is increased to 30kmph and even 120kmph, New DMRS type 1 with within-slot TD-OCC starts performing poorly at high SNR. On the other hand, if we keep the UE speed low (3kmph) and delay-spread is increased (300ns) instead, the type 1: Direction 2 – Variant A scheme starts performing poorly, due to FD-OCC length of 6. The considered type 2 proposals also perform poorly due to larger OCC length and higher inter-RE distance between the DMRS REs.
[bookmark: _GoBack]To sum up, we generally prefer exploiting frequency domain since utilizing time domain (e.g., TD-OCC or TDM) may have some issues: additional latency for channel estimation considering non-contiguous DMRS symbols, scheduling restriction (considering frequency hopping in PUSCH, forcing even number of DMRS symbols and corresponding restricted symbol length of PDSCH/PUSCH), and lower performance in medium/high velocity.
Also, in order to prevent receiver design for gNB and UE implementation complicate and market split/separation, we prefer a single scheme for each new DMRS type. We don’t see a necessity of more than one scheme for each new DMRS type to achieve the final goal of WID.

Proposal 1. Study on the increased number of orthogonal DMRS ports for DL/UL MU-MIMO,
· Prefer Direction 1 (corresponding to Opt.3 (Sparser frequency allocation)): Increase the number of CDM groups as twice where each CDM group has same number of ports as current DMRS types
· Prefer Direction 2 (corresponding to Opt.1 (enhance FD-OCC)): Increase the number of DMRS ports within CDM group as twice where the number of CDM group is same as current
· Deprioritize TD-OCC approach due to lots of inevitable restrictions
· Do not support more than one scheme for each new DMRS type

1.2 Spatial multiplexing between legacy UE and Rel-18 UE
In current specification, when gNB would like to schedule some UEs by MU-MIMO manner, there is a restriction that the UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the followings.
· DM-RS configuration type
· DM-RS symbol location
· actual number of front-loaded DM-RS symbol(s)
· actual number of additional DM-RS

That means, if one UE is configured with DMRS type 1 and the other UE is configured with DMRS type 2, then two UEs are not scheduled by MU-MIMO together. It is natural to restrict MU-MIMO scheduling between DMRS type 1 and type 2 since RE mapping of each CDM group and applied OCC are different between DMRS type 1 and type 2. Also, if new DMRS types are defined in Rel-18, then it is natural to schedule MU-MIMO among UEs which are configured with new DMRS type 1 only or new DMRS type 2 only. To summarize, the following 4 cases of MU-MIMO scheduling will be supported in Rel-18.
· (current specification) among UEs which are configured with the DMRS type 1
· (current specification) among UEs which are configured with the DMRS type 2
· (natural extension in Rel-18) among UEs which are configured with a new DMRS type 1
· (natural extension in Rel-18) among UEs which are configured with a new DMRS type 2

However, when we define new DMRS types on top of the current DMRS type 1 and type 2 for supporting increased number of orthogonal DMRS ports for MU-MIMO scheduling, it should be considered whether spatial multiplexing between legacy DMRS types and new DMRS types is supported or not. Since the main objective to increase the number of DMRS ports for both DL and UL cases is to obtain more gain on spectral efficiency by scheduling MU-MIMO, it would be beneficial to allow spatial multiplexing not only between same DMRS types but also between legacy and new DMRS types. Therefore, in addition to the above cases, the following two cases are additionally supported.
· (additionally supported case 1 in Rel-18) among UEs which some UEs are configured with current DMRS type 1 and the other UEs are configured with a new DMRS type 1
· (additionally supported case 2 in Rel-18) among UEs which some UEs are configured with current DMRS type 2 and the other UEs are configured with a new DMRS type 2

Proposal 2. Study on the MU-MIMO scheduling method for the following two cases.
· Among UEs which some UEs are configured with current DMRS type 1 and the other UEs are configured with a new DMRS type 1
· Among UEs which some UEs are configured with current DMRS type 2 and the other UEs are configured with a new DMRS type 2

1.3 Compensation on degraded channel estimation performance
In order to achieve the main goal of this agenda item, the important constraint is not to utilize additional DMRS resources, i.e., keeping the DMRS overhead. Therefore, based on the observation in Figures 2, 3, and 4 above, the channel estimation performance of new DMRS types by using the sparser RE mapping with Direction 1 or by using longer length of OCC with the same RE mapping with Direction 2 would be degraded as a side effect rather than the current DMRS types. Hence, in order to compensate the expected performance degradation, two approaches can be considered.

1.3.1 Dynamic switching between current DMRS type and new DMRS type
First approach is dynamic switching between current DMRS type and new DMRS type as current DMRS type may have shorter OCC length and/or smaller number of CDM groups, better channel estimation performance can be achieved. Not only this reason, since the main purpose of new DMRS types are to support more number of MU-MIMO scheduling, these new DMRS types would not be proper for SU-MIMO scheduling. gNB’s scheduling either SU-MIMO or MU-MIMO for a certain UE depends on the UE’s situation considering many aspects (e.g., channel quality, orthogonality between other UE’s channel based on the UE’s subband/wideband CSI reporting). Hence, dynamic switching between current and new DMRS type would be helpful for UE to achieve adaptive scheduling gain.
In current specification, dynamic switching between DMRS type 1 and type 2 can be done by TDRA field in DCI. To be specific, different DMRS type can be configured with different PDSCH/PUSCH mapping type, and each TDRA entry can indicate different PDSCH/PUSCH mapping type. Similarly, switching between current DMRS type 1 (or 2) and new DMRS type 1 (or 2) can be studied and supported if justified. Since PDSCH scheduled by DCI format 1_0 is based on DMRS type 1, if dynamic switching between current DMRS type and new DMRS type, then at least switching between DMRS type 1 and new DMRS type (1, 2 or both) shall be supported.

Proposal 3. Study on dynamic switching between current DMRS type 1 (or 2) and new DMRS type 1 (or 2).

1.3.2 Re-using the concept of OCC disabling scheme
Second approach is reusing the concept of OCC disabling scheme which has been adopted in Rel-17 above 52.6 GHz agenda item. The motivation of this scheme is to achieve better channel estimation performance in case of large subcarrier spacing (e.g., 480kHz, 960kHz) in 52.6 GHz band.
In TS38.214, the concept of OCC disabling scheme is implemented as follows: “If a UE is configured with higher layer parameter [dmrs-FD-OCC-disableForRank1PDSCH] and the UE is scheduled with PDSCH with single DM-RS port, the UE may assume that set of orthogonal DM-RS antenna ports from the same CDM group using different set of wf(k') codes are not associated with the transmission of PDSCH to another UE.” This means that OCC for a certain DMRS port may not be used (i.e., disabled) for the CDM group containing the DMRS port for the UE when a RRC parameter is configured and rank-1 PDSCH scheduling is indicated. Then, the CDM group including the scheduled DMRS port is only used for the UE, so the UE does not need to apply OCC to distinguish other UE’s co-scheduled DMRS port. Hence, despite of longer OCC or sparser DMRS RE used by new DMRS type, channel estimation performance of UE can be mitigated. Although the number of co-scheduled UEs, especially for MU-MIMO, may be decreased, this concept is beneficial for gNB as well as UE to make scheduling simple when a UE disabling OCC is included in the scheduling, since gNB does not always schedule large number of UEs by MU-MIMO. Therefore, our view is that it would be better to study/reuse the concept of OCC disabling scheme for new DMRS type.

Proposal 4. Study on OCC disabling scheme for new DMRS type.

1.4 DMRS table entry design focusing on MU-MIMO
One of the necessary parts to be defined in the specification is DMRS table and the corresponding entries to indicate the scheduled DMRS ports based on the enhancements on the increased orthogonal number of DMRS ports. In current specification in Clause 5.1.6.2 in TS38.214, some entries for DL DMRS type 1 and DMRS type 2 are not used for scheduling MU-MIMO as follows.

	For DM-RS configuration type 1, 
· if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or 
· if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or 
· if a UE is scheduled with two codewords,
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE. 
For DM-RS configuration type 2, 
· if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or 
· if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or 24} in Table 7.3.1.2.2-3A and {2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or 
· if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.



For both DMRS type 1 and DMRS type 2, the entries included in the first bullet are used for SU-MIMO scheduling only which has been adopted in Rel-15. Also, the entry {12} in Table 7.3.1.2.2-1A, the entry {31} in Table 7.3.1.2.2-2A in the second bullet for DMRS type 1, the entry {24} in Table 7.3.1.2.2-3A, and the entry {58} in Table 7.3.1.2.2-4A in the second bullet for DMRS type 2 are additionally defined in Rel-16 which are used for the purpose of multi-TRP SDM scheme, and the UE does not expect to be scheduled both multi-TRP SDM and MU-MIMO simultaneously. Hence, it can be observed that some entries in DMRS table defined in the current specification cannot be used for scheduling MU-MIMO.

Observation 3: In current specification, some entries in the current DMRS table are not used for MU-MIMO in DL case. Instead, those entries could be used for the purpose of single-user MIMO or multi-TRP SDM scheme.

Hence, if new DMRS tables and the corresponding entries are defined, each entry can be defined for the purpose of MU-MIMO, and the entries for other purposes, e.g., SU-MIMO and multi-TRP SDM scheme, could be precluded since the main motivation for increasing DMRS ports are to schedule more number of users by MU-MIMO scheduling.

Proposal 5: Study on designing DMRS table entries focusing on utilizing MU-MIMO.

UL DMRS enhancement enabling 8TX operation
1.5 Discussion on device types
We would like to emphasize the discussion on device types as in our another document considering Rel-18 UL enhancement [3]. The WID includes four target device types, CPE/FWA/vehicle/Industrial devices. These device types are quite different in terms of use cases, deployment scenarios, and antenna structures. If we study all of them, then we will have to study them separately, which will be very challenging (if not impossible) given that we only 3TU in total for as many as 8 objectives.

Observation 4: Four device types (i.e. CPE/FWA/vehicle/Industrial devices) are quite different (in use cases, deployment scenarios, antenna structures), hence require separate study, which will be very challenging in limited TU (~3/8 TU) 

To ensure that the scope of this objective is manageable (within ~3/8 TU), we prefer to prioritize one device type for study and RAN1 discussions. For example, the one device type can be the one which is ‘most-likely’ to have 8 Tx antenna for UL operations. In our view, among the four device types, CPE can be one such device, followed by FWA. We therefore propose the following.

Proposal 5: For the study of 8 Tx UL operations,
· Prioritize one device type for efficient study and discussions
· The one device should be the one which is ‘most-likely’ to have 8 Tx antenna for UL operations
· 1st priority: CPE
· 2nd priority: FWA

1.6 UL DMRS 8 ports design
Regarding the number of UL layers, it is more important cases for up to 4 layers since it is likely in real deployments. Hence, we prefer to prioritize up to 4 layers. Then, if some use cases for more than 4 layers (i.e., more than 4 DMRS ports) are identified and justified, we can be supportive of it.

Proposal 6: For the study of UL DMRS 8 ports design,
· Prioritize the RAN1 work for max 4 layers
· More than 4 layers can be supported, if the necessity and use cases can be identified and justified.

Then, considering UL DMRS up to 8 ports, since the current specification supports up to 8 ports DMRS with 2 codewords for the DL aspect, it can be a framework which is a good starting point as a reference. Hence, it would be good to start UL DMRS 8 ports design based on the DL design. The possible aspects to be considered would be at least the followings.
1) Enabling higher layer parameter
· For DL case, there is a higher layer parameter, maxNrofCodeWordsScheduledByDCI in PDSCH-Config, meaning that the maximum number of codewords that a single DCI may schedule. Similarly, a new higher layer parameter can be defined to enable the second TB based on the similar signalling granularity, e.g., configured in PUSCH-Config.
2) Codeword to layer mapping
· For DL DMRS up to 8 ports, layers from 1 to 4 can be mapped onto the first codeword, and layers from 5 to 8 can be mapped onto the second codeword. This principle can be also simply re-used for UL DMRS up to 8 ports.
3) Possible indicated rank
· In DL case, all rank values from 5 to 8 can be indicated when maxNrofCodeWordsScheduledByDCI is configured. Similarly, in UL case, all rank values from 5 to 8 can be supported as a starting point. Also, in order to reduce work load, it is possible to preclude some rank values and some frequently used rank values can be only defined, and this can make less specification effort.
4) DMRS table entries supporting larger than 4 layers
· In DL case, there is only one entry for each rank larger than 4 (i.e., one entry for each rank 5, 6, 7, and 8, respectively). Similar DMRS entry design is applied for UL case.
5) Additional MCS, NDI, RV fields for second TB in DCI format 0_1
· If maxNrofCodeWordsScheduledByDCI is configured, then additional MCS, NDI, RV fields for the second TB are defined in DCI format 1_1. Hence, additional MCS, NDI, RV fields can be also defined for the second TB of UL data transmission.
6) Enabling/disabling mechanism of each TB using MCS and RV fields
· For DL DMRS up to 8 ports, if one of two TBs is disabled for the UE to schedule only one TB, then MCS index 26 and RV index 1 for the corresponding TB is used, and MCS index 26 and RV index 2 for the corresponding TB is used when the UE is configured with multi-PDSCH scheduling. This mechanism can be re-used for UL DMRS up to 8 ports to switch between scheduling 1 TB and 2 TBs.

Proposal 7: If the necessity and use cases can be identified and justified, study on extending UL DMRS up to 8 ports, the following aspects can be re-used from DL DMRS design.
· Enabling higher layer parameter
· Codeword to layer mapping
· Possible indicated rank
· DMRS table entries supporting larger than 4 layers
· Additional MCS, NDI, RV fields for second TB in DCI format 0_1
· Enabling/disabling mechanism of each TB using MCS and RV fields

1.7 PTRS-DMRS association
Although almost every aspect from DL 8 ports DMRS design can be re-used as a starting point for designing UL 8 ports DMRS design, the principle of PTRS-DMRS association is different between DL and UL in the current specification. For the case of DL, the association between PTRS and DMRS can be fixed, since the gNB can switch the layers by implementation based on the Layer Indicator (LI) feedback by CSI report from UE. However, for the case of UL, since the gNB can know which DMRS port is the strongest one, based on the channel estimation of SRS transmission from UE side, the gNB selects the appropriate DMRS port which PTRS will be associated and indicates the corresponding information by PTRS-DMRS association field in DCI. Hence, it would be better to enhance PTRS-DMRS association considering up to 8 ports UL DMRS and 2 codewords, and also considering both codebook and non-codebook based PUSCH transmissions.

Proposal 8: Study enhancement on PTRS-DMRS association
· Considering up to 8 ports UL DMRS and 2 codewords.
· Considering both codebook and non-codebook based PUSCH transmissions.

Conclusion
In this contribution, the following observations and proposals are made: 
Increased number of DMRS ports for DL/UL MU-MIMO

Observation 1. By increasing the number of CDM groups as twice where each CDM group has same number of ports as current DMRS types, DMRS RE mapping would be sparser than the current DMRS type, and there might be a corresponding restriction on frequency domain resource allocation.

Observation 2. By increasing the number of DMRS ports within CDM group as twice where the number of CDM group is same as current, DMRS RE mapping can be maintained which is same as the current DMRS type but longer OCC would be applied to distinguish more DMRS ports within CDM group, and there is no scheduling restriction for frequency domain resource allocation.

Observation 3: In current specification, some entries in the current DMRS table are not used for MU-MIMO in DL case. Instead, those entries could be used for the purpose of single-user MIMO or multi-TRP SDM scheme.

Proposal 1. Study on the increased number of orthogonal DMRS ports for DL/UL MU-MIMO,
· Prefer Direction 1 (corresponding to Opt.3 (Sparser frequency allocation)): Increase the number of CDM groups as twice where each CDM group has same number of ports as current DMRS types
· Prefer Direction 2 (corresponding to Opt.1 (enhance FD-OCC)): Increase the number of DMRS ports within CDM group as twice where the number of CDM group is same as current
· Deprioritize TD-OCC approach due to lots of inevitable restrictions
· Do not support more than one scheme for each new DMRS type

Proposal 2. Study on the MU-MIMO scheduling method for the following two cases.
· Among UEs which some UEs are configured with current DMRS type 1 and the other UEs are configured with a new DMRS type 1
· Among UEs which some UEs are configured with current DMRS type 2 and the other UEs are configured with a new DMRS type 2

Proposal 3. Study on dynamic switching between current DMRS type 1 (or 2) and new DMRS type 1 (or 2).

Proposal 4. Study on OCC disabling scheme for new DMRS type.
Proposal 5: Study on designing DMRS table entries focusing on utilizing MU-MIMO.

UL DMRS enhancement enabling 8TX operation

Observation 4: Four device types (i.e. CPE/FWA/vehicle/Industrial devices) are quite different (in use cases, deployment scenarios, antenna structures), hence require separate study, which will be very challenging in limited TU (~3/8 TU) 

Proposal 5: For the study of 8 Tx UL operations,
· Prioritize one device type for efficient study and discussions
· The one device should be the one which is ‘most-likely’ to have 8 Tx antenna for UL operations
· 1st priority: CPE
· 2nd priority: FWA

Proposal 6: For the study of UL DMRS 8 ports design,
· Prioritize the RAN1 work for max 4 layers
· More than 4 layers can be supported, if the necessity and use cases can be identified and justified.

Proposal 7: If the necessity and use cases can be identified and justified, study on extending UL DMRS up to 8 ports, the following aspects can be re-used from DL DMRS design.
· Enabling higher layer parameter
· Codeword to layer mapping
· Possible indicated rank
· DMRS table entries supporting larger than 4 layers
· Additional MCS, NDI, RV fields for second TB in DCI format 0_1
· Enabling/disabling mechanism of each TB using MCS and RV fields

Proposal 8: Study enhancement on PTRS-DMRS association
· Considering up to 8 ports UL DMRS and 2 codewords.
· Considering both codebook and non-codebook based PUSCH transmissions.
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Appendix
Table 3. Detailed evaluation assumptions for Figures 6 ~ 10
	Parameter
	Value (FR1)

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	30 kHz

	Bandwidth
	20 MHz

	Number of RBs
	2

	MCS
	13

	Channel Config.
	Model
	CDL-C

	
	DS
	30 ns, 300ns

	
	UE speed
	3 kmph, 30kmph, 120kmph

	gNB Antenna Config.
	[M,N,P,Mg,Ng]=[8,4,2,1,1], (dV,dH) = (0.5, 0.8)λ.

	Port mapping
	TXRU virtualization defined in TR36.897.

	UE Antenna Config.
	[M,N,P,Mg,Ng]=[1,1,2,1,1], (dV,dH) = (0.5, 0.5)λ.

	gNB Antenna Pattern
	Table A.2.1-6 in TR 38.802

	UE Antenna Pattern
	Table A.2.1-8 in TR 38.802

	Channel Estimation
	Practical (MMSE)
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