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Introduction
In the last meeting, following agreements were made [1]:
Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported.

Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed.

Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
Based on the above agreements, in this contribution, we present our views on DMRS designs for UL in NR. 
DMRS design for UL 
It has been agreed that, at least for CP-OFDM, NR supports a common DMRS structure for DL and UL, the same pattern designed for DL also applies for UL transmission for CP-OFDM waveform. One motivation of introducing common design between DL and UL is to simplify interference management in dynamic TDD system. We discussed the DMRS index table and DCI signalling design for DL in companion contribution [2]. Similarly, DMRS index table for CP-OFDM waveform in UL is discussed below. For UL CP-OFDM, maximum number of ports supported by different configuration types is different, and how DMRS ports are multiplexed is also different. The two DMRS configuration patterns are shown in Figure 1 and Figure 2, where the symbol location of DMRS is exemplary.
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Figure 1: DMRS configuration type 1
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Figure 2: DMRS configuration type 2

It has been agreed that up to 4 layers spatial multiplexing is supported in UL SU-MIMO. Table 1 and 2 in appendix are examples of DMRS index table for UL CP-OFDM for configuration type 1 and 2, respectively; which can be indicated by 5 bits.
Similar to design principle of DMRS index table in DL, design principle of even number of DMRS ports mapped on one CDM group or CDM+OCC group is considered when scheduled DMRS ports exceeds number of ports within one CDM or CDM+OCC group in UL. In the case of SU-MIMO scheduling, even distribution of DRMS ports on CDM or CDM+OCC groups allows better power allocation on each DMRS port resulting into better channel estimation. When scheduled DMRS ports does not exceed the number of ports in one CDM or CDM+OCC group, all DMRS ports are multiplexed on same group. 
It is not yet agreed if DMRS and data is TDM multiplexed only or can also be FDM multiplexed. If DMRS and data are multiplexed in frequency domain, different total number of ports for MU-MIMO multiplexing may lead to different DMRS index overhead. At the same time, in order to reduce interference between DMRS and data, the UE needs to be signalled total number of DMRS ports scheduled in MU-MIMO. If DMRS and data are multiplexed in time domain only, although there is no interference between DMRS and data the UE still has to know the number of DMRS symbols in the slot to correctly map DMRS ports to corresponding REs. It can be implicitly indicated using port distribution in the DMRS index table, e.g. in Table 1 index 5 corresponds to DMRS port 5 which indicates 2 DMRS symbols, however the table becomes too long to support all possible combinations. Another way is to use 1 bit to indicate 1 or 2 symbols DMRS in the current slot without exactly indicating total number of DMRS ports scheduled.
Proposal 1: DMRS index tables are introduced to support UL CP-OFDM for configuration type 1 and configuration type 2; and 1 bit indication of 1 or 2 DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
For DMRS design in DFT-S-OFDM waveform based UL, considering up to 8 layers MU-MIMO, an example of DMRS index table is given in Table 3 in appendix which can be represented by 3 bits. Similarly, number of DMRS symbols in the slot can be implicitly indicated using port distribution in the DMRS index table. Or, use 1 bit to indicate 1 or 2 symbols DMRS in the current slot. 

[bookmark: _GoBack]Proposal 2: For DMRS design in DFT-S-OFDM waveform based UL, a DMRS index table is introduced and 1 bit indication of 1 or 2 DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.

Conclusions
This contribution provides our considerations on UL DMRS design. Based on the discussion above, we have the following proposals:
Proposal 1: DMRS index tables are introduced to support UL CP-OFDM for configuration type 1 and configuration type 2; and 1 bit indication of 1 or 2 DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
Proposal 2: For DMRS design in DFT-S-OFDM waveform based UL, DMRS index tables are introduced and 1 bit indication of 1 or 2 DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
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Appendix
Table 1: DMRS index table for front loaded DMRS configuration 1
	DMRS index 
	layers
(UE)
	port index
(UE)

	0
	1 layer, 
	port0

	1
	1 layer, 
	port1

	2
	1 layer, 
	port2

	3
	1 layer, 
	port3

	4
	1 layer, 
	port4

	5
	1 layer, 
	port5

	6
	1 layer, 
	port6

	7
	1 layer, 
	port7

	8
	2 layers
	port0/1

	9
	2 layers
	port2/3

	12
	2 layers
	port4/5

	13
	2 layers
	port6/7

	14
	3 layers
	port0-2

	15
	3 layers
	port1-3

	16
	3 layers
	port0-1,4

	17
	3 layers
	port2-3,6

	18
	4 layers
	port0-3

	19
	4 layers
	port0-1,4-5

	20
	4 layers
	port2-3,6-7



Table 2: DMRS index table for front loaded DMRS configuration 2
	DMRS index 
	layers
(UE)
	port index
(UE)

	0
	1 layer, 
	port0

	1
	1 layer, 
	port1

	2
	1 layer, 
	port2

	3
	1 layer, 
	port3

	4
	1 layer, 
	port4

	5
	1 layer, 
	port5

	6
	1 layer, 
	port6

	7
	1 layer, 
	port7

	8
	1 layer, 
	port8

	9
	1 layer, 
	port9

	10
	1 layer, 
	port10

	11
	1 layer, 
	port11

	12
	2 layers
	port0-1

	13
	2 layers
	port2-3

	14
	2 layers
	port4-5

	15
	2 layers
	port6-7

	16
	2 layers
	port8-9

	17
	2 layers
	port10-11

	18
	3 layers
	port0-2

	19
	3 layers
	port3-5

	20
	3 layers
	port0-1,6

	21
	3 layers
	port2-3,8

	22
	3 layers
	port4-5,10

	23
	4 layers
	port0-3

	24
	4 layers
	port0-1,6-7

	25
	4 layers
	port2-3,8-9

	26
	4 layers
	port4-5,10-11



Table 3: DMRS index table for DFT-S-OFDM
	DMRS index 
	layers
(UE)
	port index
(UE)

	0
	1 layer, 
	port0

	1
	1 layer, 
	port1

	2
	1 layer, 
	port2

	3
	1 layer, 
	port3

	4
	1 layer, 
	port4

	5
	1 layer, 
	port5

	6
	1 layer, 
	port6

	7
	1 layer, 
	port7
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