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Introduction
In the previous meetings significant progress has been made on DMRS design. For 1-symbol front loaded DRMS, it had been agreed to support three additional DMRS symbols and their symbol locations. A working assumption was also agreed for broadcast/multicast PDSCH.
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transmissions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 

In this contribution, we discuss some of the remaining issues. This contribution is revision of R1-1715807.
Discussion
DMRS for broadcast/multicast PDSCH
In [2], we provided comparison of different configuration types and densities of DMRS using link level simulation.  Considering variety of operating scenarios, we confirm the working assumption on DMRS for broadcast/multicast PDSCH, i.e., for broadcast/multicast PDSCH (other than PBCH): support using the front-loaded DMRS Configuration 1. Similarly, for unicast PDSCH transmission before RRC connection we also propose to use front-loaded DMRS Configuration 1. 
It has been agreed that additional DMRS is always present for broadcast/multicast PDSCH. However, exact number of additional DMRS is yet to be decided. It was agreed in last meeting that for 1-symbol front loaded DMRS three additional DMRS symbols may be configured for slot-based transmission. Reliability of broadcast/multicast PDSCH is important and should support very high speed scenario as well, thus we propose to use three additional 1-symbol DMRS.
Proposal1: for broadcast/multicast PDSCH and unicast PDSCH before RRC connection support three additional 1-symbol DMRS.

DMRS port mapping and signalling
Figure 1 and Figure 2 show DMRS port mapping for configuration type 1 and type 2. For 1-symbol front-loaded DMRS, DMRS ports to RE mapping has been agreed in RAN1#90 which is shown in the figures below. Following the similar principle, DMRS ports to RE mapping for 2-symbol front-loaded DMRS are also shown in figures 1 and 2 for both configuration type 1 and 2.
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Figure1: DMRS configuration type 1
[image: ] [image: ]
Figure 2: DMRS configuration type 2
DL
DMRS index table(s) can be used to indicate the DMRS index, each DMRS index in the tables indicates number of layers and port indices. Port index implicitly indicates the comb, CS and OCC. DMRS index table(s) should support both single-TRP and multi-TRP transmission. Table 1 and 2 in the appendix show examples of the DMRS index tables for configuration type 1 and configuration type 2. The DCI payload is 5 bits and the port indices in the tables are consistent with Figures 1 and 2. 

In Table 1 and 2, 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 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 CDM or CDM+OCC group. In the case of MU-MIMO scheduling, all DMRS ports of different UEs are multiplexed on same CDM or CDM+OCC group(s). According to DMRS index design in Table 1 and 2, the overhead for DMRS configuration type 1 and DMRS configuration type 2 is 5 bits. 
Proposal2: when scheduled DMRS ports exceeds number of ports within one CDM or CDM+OCC group, even number of DMRS ports mapped on one CDM group or CDM+OCC group

UL
It has been agreed that up to 4 layers spatial multiplexing is supported in UL SU-MIMO. Table 3 and 4 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, 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 front-loaded 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 front-loaded 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 front-loaded DMRS symbols in the current slot without exactly indicating total number of DMRS ports scheduled.
Proposal3: 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 front-loaded 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 5 in appendix which can be represented by 3 bits. Similarly, number of front-loaded 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 front-loaded DMRS symbols in the current slot. 

[bookmark: _GoBack]Proposal4: for DMRS design in DFT-S-OFDM waveform based UL, a DMRS index table is introduced and 1 bit indication of 1 or 2 front-loaded DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
Signaling of total port number
In order to enable the UE to correctly identify the resources occupied by the DMRS in the scheduled slot some signaling may be needed to indicate total number of DMRS ports being scheduled. Different total number of ports for MU-MIMO multiplexing may lead to different DMRS index overhead. 
One simple way is to use 1 bit to indicate 1 or 2 front-loaded DMRS symbols in the current slot without exactly indicating total number of DMRS ports scheduled. However, it has some limitations on identifying exact REs occupied by DMRS in the slot. 
At least 2 DMRS ports are multiplexed on a group of REs, thus in the case of single TRP transmission the total number of REs occupied by multiple DMRS ports is always equal to the number of REs occupied by even number of DMRS ports equal or smaller than actually scheduled DMRS ports in the slot, e.g., the number of REs occupied by 3 ports and 4 ports DMRS is same. Thus, only indicating even number of DMRS ports is sufficient to indicate total REs occupied by DMRS in the slot. For example, 2, 4, 6 and 8 ports in DMRS configuration type 1; 2, 4, 6, 8, 10 and 12 in DRMS configuration type 2. This requires 2 or 3 bits in DCI, and it is indicated per RBG group. 
Proposal5: for signaling total number of DMRS ports scheduled in the slot, support one of following candidates.
· Opt1: Only even number of ports is signaled, which can be represented by up to 2 or 3 bits of information, if DMRS and data are multiplexed in the frequency domain on same OFDM symbol.
· Opt2: 1 bit indication of 1 or 2 front-loaded DMRS symbols to the UE, if DMRS and data are not multiplexed in the frequency domain on same OFDM symbol.
It is possible that total number of scheduled data layers is different in each PRB or RBG. Therefore, it is necessary to signal total number of DMRS ports per PRB or RBG which will increase overhead significantly. As a compromise between scheduling flexibility and overhead, PRBs or RBGs can be grouped into X groups and total number of DMRS ports is indicated for each group.  
Proposal6: for MU MIMO scheduling, allocated PRBs or RBGs can be grouped where total number of DMRS ports is indicated for each group.

Conclusions
In this contribution, we discussed some remaining issues on DMRS design and signalling aspects, we have following proposals:
Proposal1: for broadcast/multicast PDSCH and unicast PDSCH before RRC connection support three additional 1-symbol DMRS.
Proposal2: when scheduled DMRS ports exceeds number of ports within one CDM or CDM+OCC group, even number of DMRS ports mapped on one CDM group or CDM+OCC group
Proposal3: 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 front-loaded DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
Proposal4: for DMRS design in DFT-S-OFDM waveform based UL, a DMRS index table is introduced and 1 bit indication of 1 or 2 front-loaded DMRS symbols to the UE is supported if DMRS and data are not multiplexed in frequency domain.
Proposal5: for signaling total number of DMRS ports scheduled in the slot, support one of following candidates.
· Opt1: Only even number of ports is signaled, which can be represented by up to 2 or 3 bits of information, if DMRS and data are multiplexed in the frequency domain on same OFDM symbol.
· Opt2: 1 bit indication of 1 or 2 front-loaded DMRS symbols to the UE, if DMRS and data are not multiplexed in the frequency domain on same OFDM symbol.
Proposal6: for MU MIMO scheduling, allocated PRBs or RBGs can be grouped where total number of DMRS ports is indicated for each group.
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Appendix
Table 1: DMRS index table for front loaded DMRS configuration type 1, DL
	DMRS index (single TRP)
	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
	port0-1,4

	16
	3 layers
	port2-3,6

	17
	4 layers
	port0-3

	18
	4 layers
	port0-1,4-5

	19
	4 layers
	port2-3,6-7

	20
	5 layers
	port0-4

	21
	6 layers
	port0-4,6

	22
	7layers
	port0-6

	23
	8layers
	port0-7




Table 2: DMRS index table for front loaded DMRS configuration type 2, DL
	DMRS index (single TRP)
	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

	27
	5 layers
	port0-4

	28
	6 layers
	port0-5

	29
	7layers
	port0-6

	30
	8layers
	port0-6,8





Table 3: DMRS index table for front loaded DMRS configuration 1, UL
	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 4: DMRS index table for front loaded DMRS configuration 2, UL
	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 5: DMRS index table for DFT-S-OFDM, UL
	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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