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Introduction
This contribution gives detailed explanation to the remaining issues unresolved by the email discussion [90b-NR-20] and considerations on other topics of DMRS, including
· DMRS scheduling table design
· Additional DMRS for UL and specified data duration

DMRS scheduling tables
Table design principle
Based on the MU-MIMO framework in the last meeting [1], there are at least two DMRS scheduling tables for DL CP-OFDM, targeting both SU-MIMO and MU-MIMO, for maximum number of front-loaded DMRS symbol being 1, and 2, respectively.
	Agreement:
Any configured DMRS port indication table supports SU-MIMO scheduling.
The maximum number of ports per UE in SU-MIMO
· DMRS configuration type 1 with 1-symbol DMRS
· 4 for DL, 4 for UL
· DMRS configuration type 1 with 2-symbol DMRS
· 8 for DL, 4 for UL
· DMRS configuration type 2 with 1-symbol DMRS
· 6 for DL, 4 for UL
· DMRS configuration type 2 with 2-symbol DMRS
· 8 for DL, 4 for UL

Agreement:
The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS
· 2 for DL
· DMRS configuration type 1 with 2-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 2-symbol DMRS
· 4 for DL

Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 
· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP


While for UL, similar table can also be configured, by removing the entries with number of layers being greater than or equal to 5. While for DFT-s-OFDM, since it is only based on configuration type 1, and the transmission rank is limited to one, DMRS table can be significantly reduced. 
Table 1 gives the supported DMRS tables taking the following agreement into consideration, with some entries still pending discussion. It seems that there is a lot of design work to do. To facilitate the design process, we can first agree on the DMRS table for DL slot-based scheduling, i.e., the highlighted four tables on the first row. The other entries are the subset.
[bookmark: _Ref498433927]Table 1 Supported DMRS tables
	
	Maximum number of front-loaded DMRS symbol is 1
	Maximum number of front-loaded DMRS symbols is 2

	
	Type 1
	Type 2
	Type 1
	Type 2

	DL CP-OFDM
	Slot-based
	Up to 4 layers SU-MIMO
Up to 2 layers MU-MIMO
	Up to 6 layers SU-MIMO
Up to 4 layers MU-MIMO
	Up to 8 layers SU-MIMO
Up to 4 layers MU-MIMO
	Up to 8 layers SU-MIMO
Up to 4 layers MU-MIMO

	
	Non-slot-based
	
	
	
	

	UL
	CP-OFDM
	Slot-based
	Up to 4 layers SU-MIMO
	Up to 4 layers SU-MIMO
	Up to 4 layers SU-MIMO
	Up to 4 layers SU-MIMO

	
	
	Non-slot-based
	
	
	
	

	
	DFT-s-OFDM
	Slot-based
	Single layer SU-MIMO
Single layer MU-MIMO
	
	
	

	
	
	Non-slot-based
	Single layer SU-MIMO Single layer MU-MIMO
	
	
	



Proposal 1: Firstly design the 4 DMRS tables for DL slot-based scheduling, including the combination of configuration type and maximum number of front-loaded DMRS, and do the subset selection for other DMRS tables including non-slot-based scheduling and UL.
Contents in the DMRS table
For the non-transparent MU-MIMO scheduling, the co-scheduled information is provided by DCI is at least used for PDSCH/PUSCH rate matching purpose.
	Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports
· Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)



Also noted that scrambling ID indication in the DCI seems unlikely, the DCI table should provide the following information. 
	Config index
	Number of layers
	Number of OFDM symbols 
	DMRS ports
	PDSCH rate matching, e.g., existence of other CDM groups

	
	
	
	
	



DCI bits budget
Not all combinations are to be supported in the scheduling table, down-selection must be done. The question is how many bits/entries for each table are we considering. In LTE, there are 3 or 4. In NR, since there are more ports defined, and specification supports an non-transparent MU-MIMO, more bits are needed.
Based on our design, we think 4 and 5 bits are sufficient for both configuration types under the maximum number of front-loaded DMRS symbols being 1 and 2 respectively, without violating the current agreement.
· For non-slot based scheduling, the bits number can be smaller depending on the subset selection results, .e.g, whether only single-symbol front-loaded DMRS is supported or not.
· For UL CP-OFDM, maybe the same bits are used as DL.
· For UL DFT-s-OFDM, at most 2 bits is needed if single-symbol front-loaded DMRS is supported, and at most 4 bits if maximum number of front-loaded DMRS symbols is 2.
The Appendix has presented our design of DCI table.
Proposal 2: At least for DL slot-based scheduling, support 
· 4 bits for both configuration types if the maximum number of front-loaded DMRS symbols is 1
· 5 bits for both configuration types if the maximum number of front-loaded DMRS symbols is 2

Other aspects regarding additional DMRS
Additional DMRS pattern for PUSCH
Since the starting symbol for PUSCH is floating, at the current stage, we only assume that the ending symbol of PUSCH is fixed to the last symbol in a slot. As proposed in the offline summary, for slot-based PUSCH, we do not need to consider the ending symbol just as the way we did not consider the starting symbol for DL. 
Floating starting symbol and ending symbol would only make too many DMRS patterns, which may cause collision with SRS transmission. As for the SRS in the slot, UE can perform rate matching of PUSCH around the REs allocated for SRS transmission. 
Figure 1 and Figure 2 shows an example of additional DMRS pattern with respect to PUSCH transmission duration and number of symbols of the front-loaded DMRS, when MIB configures the 1st DMRS symbol for DL on the 3rd or the 4th symbol of a slot, respectively.
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Figure 1 Additional DMRS pattern for PUSCH if the 1st DMRS is on the 3rd symbol
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[bookmark: _Ref498436875]Figure 2 Additional DMRS pattern of PUSCH if the 1st DMRS is on the 4th symbol

For non-slot based PUSCH, it is the same as DL, i.e., no additional DMRS can be configured for 2-symbol and 4-symbol mini-slot, and one additional DMRS (FFS position) can be configured for 7-symbol mini-slot.

Unspecified pattern of additional DMRS
It is worth noting that there might be conflict configuration between higher layer signaling and dynamic scheduling. For example, the following Figure 3 reveals the pattern of 2-symbol front-loaded DMRS pattern with one additional DMRS, which is configured by higher layer. However, when PDSCH scheduling only covers the symbol  due to dynamic slot conditions, which is not enumerated in the four cases, RAN1 should specify the UE behavior. For the unspecified cases, a simple solution is to puncture the affected additional DMRS.
Proposal 3: Puncture the affected additional DMRS if the DMRS is not on the PDSCH/PUSCH symbols.

[image: ]
[bookmark: _Ref494362742]Figure 3 DMRS patterns for 2-symbol front-loaded DMRS with one additional DMRS
DMRS power boosting
By default, UE should assume that the EPRE ratio between DMRS and PDSCH/PUSCH is 0dB. However, if non-transparent MU-MIMO is deployed, power borrowing from the muted DMRS REs for the co-scheduled UE is possible. Meanwhile, for DFT-s-OFDM where PUSCH and DMRS are TDMed, power of DMRS can be naturally boosted by 3dB. The basic principle is that the power of symbols containing DMRS should be the same as the power of that only containing PDSCH/PUSCH.
Proposal 4: Symbols containing DMRS should have the same power as that only containing PDSCH/PUSCH.

DMRS for DFT-s-OFDM
ZC sequence
Over the email discussion [90-NR-01-211], there seems to be ambiguity on the cyclic shift of DMRS port multiplexing using ZC sequence. We would like to make the following clarification.
Proposal 5: Clarify that
· CS (cyclic shift) is time-domain cyclic shift, which corresponds to alternatively multiplying [1,-1] within a comb in the frequency domain
· ZC sequence is defined in the frequency domain, and there is no DFT-spread operation on the defined ZC sequence.
On support of pi/2 BPSK sequence
There has been discussion in [90b-NR-21] on whether to support pi/2 BPSK for DFT-s-OFDM. Indeed the sequence has shown PAPR gain over a small bandwidth allocation compared to ZC sequence or CGS, but the following drawbacks were observed
· Extra DFT-spread on the sequence with a different (I)FFT size from PUSCH both at UE and gNB
· Frequency non-flatness that causes degradation of performance in channel estimation
So a constant-modulus frequency domain sequence with acceptable PARP is desired for NR UL, at least for Rel-15.
Proposal 6: Pi/2 BPSK sequence for DMRS is not supported for Rel-15 NR.

Conclusion
In this contribution, we present our consideration on DMRS, with following proposals
Proposal 1: Firstly design the 4 DMRS tables for DL slot-based scheduling, including the combination of configuration type and maximum number of front-loaded DMRS, and do the subset selection for other DMRS tables including non-slot-based scheduling and UL.
Proposal 2: At least for DL slot-based scheduling, support 
· 4 bits for both configuration types if the maximum number of front-loaded DMRS symbols is 1
· 5 bits for both configuration types if the maximum number of front-loaded DMRS symbols is 2
Proposal 3: Puncture the affected additional DMRS if the DMRS is not on the PDSCH/PUSCH symbols. 
Proposal 4: Symbols containing DMRS should have the same power as that only containing PDSCH/PUSCH.
Proposal 5: Clarify that
· CS (cyclic shift) is time-domain cyclic shift, which corresponds to alternatively multiplying [1,-1] within a comb in the frequency domain
· ZC sequence is defined in the frequency domain, and there is no DFT-spread operation on the defined ZC sequence.
Proposal 6: Pi/2 BPSK sequence for DMRS is not supported for Rel-15 NR.
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Appendix
In this section, an example of DCI design is presented related to DL DMRS ports scheduling for the combination of two configuration types and the two maximum numbers of front-loaded DMRS symbols, where we assume the port indexing in Figure 4.

	Configuration Type 1
	
	Configuration Type 2

	One symbol
	2 symbols
	
	One symbol
	2 symbols

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

	0/1
	
	0/1/6/7
	0/1/6/7
	
	2/3
	
	2/3/8/9
	2/3/8/9

	2/3
	
	2/3/8/9
	2/3/8/9
	
	0/1
	
	0/1/6/7
	0/1/6/7

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

	0/1
	
	0/1/6/7
	0/1/6/7
	
	2/3
	
	2/3/8/9
	2/3/8/9

	2/3
	
	2/3/8/9
	2/3/8/9
	
	0/1
	
	0/1/6/7
	0/1/6/7

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7


[bookmark: _Ref488924925]Figure 4 Port indexing in the Appendix
Table 2 gives the elements in the scheduling table if the maximum of front-loaded DMRS symbol is 1. 
[bookmark: _Ref492552380][bookmark: _Ref492552371]Table 2 DMRS scheduling table if the maximum number of front-loaded DMRS symbols is 1
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	PDSCH rate matching

	0
	1
	1
	0
	FDM

	1
	
	
	1
	FDM

	2
	
	
	0
	TDM

	3
	
	
	1
	TDM

	4
	
	
	2
	TDM

	5
	
	
	3
	TDM

	6
	2
	1
	0/2
	TDM for type 1
FDM for type 2

	7
	
	
	0/1
	TDM

	8
	
	
	2/3
	TDM

	9
	
	
	4/5
	TDM

	10
	3
	1
	0/2/3 for type 1
0/2/4 for type 2
	TDM

	11
	
	
	1/3/5 for type 2
	TDM

	12
	4
	1
	0/1/2/3
	TDM for type 1
FDM for type 2

	13
	
	
	0/1/2/3 for type 2
	TDM for type 2

	14
	5
	1
	0/1/2/3/4 for type 2
	TDM

	15
	6
	1
	0/1/2/3/4/5 for type 2
	TDM



Table 3 gives scheduling table if the maximum of front-loaded DMRS symbol is 2.
[bookmark: _Ref488823544]Table 3 DMRS scheduling table if the maximum number of front-loaded DMRS symbols is 2
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	PDSCH rate matching

	0
	1
	1
	0
	FDM

	1
	
	2
	0
	FDM

	2
	
	
	1
	FDM

	3
	
	
	6
	FDM

	4
	
	
	7
	FDM

	5
	
	
	0
	TDM

	6
	
	
	1
	TDM

	7
	
	
	2
	TDM

	8
	
	
	3
	TDM

	9
	
	
	6
	TDM

	10
	
	
	7
	TDM

	11
	
	
	8
	TDM

	12
	
	
	9
	TDM

	13
	2
	1
	0/2
	TDM for type 1
FDM for type 2

	14
	
	2
	0/2
	TDM for type 1
FDM for type 2

	15
	
	
	0/1
	TDM

	16
	
	
	2/3
	TDM

	17
	
	
	6/8
	TDM

	18
	
	
	7/9
	TDM

	19
	3
	2
	0/2/8 for type 1
0/2/4 for type 2
	TDM

	20
	
	
	0/1/6
	TDM

	21
	
	
	2/3/8
	TDM

	22
	4
	2
	0/2/6/8
	FDM for type 1
TDM for type 2

	23
	
	
	0/1/6/7
	TDM

	24
	
	
	2/3/8/9
	TDM

	25
	5
	2
	(0/6) (2/3/8) for type 1
(0/6) (2/4/8) for type 2
	TDM

	26
	6
	2
	(0/1/6) (2/3/8)
	TDM for type 1
FDM for type 2

	27
	7
	2
	(0/1/6) (2/3/8/9)
	TDM for type 1
FDM for type 2

	28
	8
	2
	(0/1/6/7) (/2/3/8/9)
	TDM for type 1
FDM for type 2
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