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Introduction
In the previous meetings significant progress has been made on DMRS design. However, there are many remaining details yet to be finalized. In this contribution, we discuss some of the remaining DMRS issues including DMRS for broadcast/multicast PDSCH, symbol locations in the case of two 1-symbol additional DMRS and indexing etc.
Discussion
DMRS for broadcast/multicast PDSCH
It was agreed that additional DMRS is always present for broadcast/multicast PDSCH. It was discussed configuration type 1 or type 2, 1-symbol or 2-symbols front-loaded DMRS and different densities however there was no agreement on specific pattern. In [2], we provided comparison of different configuration types and densities using link level simulation.  According to the link evaluations, we have following observation and proposal:
Observation: in numerology of 15 KHz SCS, configuration type 2 performs slight better than configuration type 1.
Proposal 1: considering the wide range of supported PDSCH numerologies, for broadcast/multicast PDSCH DMRS configuration type 1 is supported. 

Since DMRS configuration type, number for additional DMRS symbols is RRC configured to the UE; there are some cases where a default DMRS pattern should be assumed for unicast PDSCH as well. For example, before an UE is switched to RRC connected mode, it has to receive RRC signaling itself which is delivered to the UE using unicast PDSCH. A default DRMS pattern should also be assumed for such unicast PDSCH. For such unicast PDSCH, we propose to use same default DMRS pattern used for broadcast/multicast PDSCH.

Symbol locations for two 1-symbol additional DMRS
For one 1-symbol additional DMRS, the symbol locations have been agreed as 12th, 10th and 8th OFDM symbol. For 14-symbol slot and 1-symbol front-loaded DMRS, it has been agreed that at least two 1-symbol additional DMRS maybe configured. Main use case scenario of two additional DMRS is high speed scenario; in [2] we evaluate different locations of two 1-symbol additional DMRS in UE speed of 350Kmph using link level simulation. We have following observation and proposal:
Proposal 2: for two 1-symbol additional DMRS the location of latest additional DMRS can be same as the position of one additional 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
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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 2, 3, 4 and 5 in the appendix show examples of the DMRS index tables for configuration type 1 and configuration type 2. The DCI payload is 5 bits. The port indices in the tables are consistent with Figures 1 and 2. 
In the case of multi-TRP transmission, different layers of a PDSCH can be transmitted from both TRPs or two PDSCHs are transmitted from two TRPs. It was agreed in previous meeting that from UE perspective frequency domain CDMed DMRS ports are QCLed, thus indication of DMRS ports not in a CDM group should also be supported. For example, in the case of 2 layers of a PDSCH are coming from 2 TRPs then DMRS ports for these layers should belong to different CDM groups. Similarly, DMRS ports within one OCC group are also QCLed. Therefore, CDMed DMRS ports (in one OFDM symbol case) or CDMed DMRS ports in same OCC group (in two OFDM symbols case) should be mapped to same TRP; in other words, these DMRS ports belong to one DMRS port group. 
There are multiple ways of signalling DMRS index to support one TRP transmitting a PDSCH and two TRPs transmitting a PDSCH.  One way is to index the DMRS port(s) in a single table supporting both single and dual TRP transmission.  In this case the DMRS index table tends to be larger incurring higher DCI overhead. 
Another way is to define separate DMRS index tables for single TRP and dual TRP transmissions. Table 2 and 3 in appendix show examples of separate DMRS index tables for single TRP and dual TRP transmissions for DMRS configuration type 1, and Table 4 and 5 in appendix show examples of separate DMRS index tables for single TRP and dual TRP transmissions for DMRS configuration type 2. Two DMRS index tables can be dynamically switched assuming the UE has prior knowledge of single or dual TRP transmission of the current PDSCH, e.g., from QCL assumption indication. When DCI indicates one TRP then the UE interprets DMRS index according to DMRS index for single TRP, and when DCI indicates two TRPs the UE interprets DMRS index according to DMRS index for dual TRP. 

Table 2 and 4 are DMRS index tables for single TRP transmission, 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). Table 3 and 5 correspond to DMRS index tables for multi-TRP transmission, where the DMRS ports within a QCL group are mapped to same TRP and multi-TRP MU MIMO scheduling is also supported. If MU MIMO is not supported in multi-TRP scenario the tables can be further shortened by removing some of the entries. 
According to DMRS index design in Tables 2-5, the overhead for DMRS configuration type 1 in single TRP and multi-TRP cases are 5 and 4 bits respectively, and for DMRS configuration type 2 is 5 bits in both cases. If MU-MIMO is not supported in multi-TRP scenario 4 bits overhead would be sufficient. 
For QCL, it has been agreed that at least one or two DMRS port groups is supported within a PDSCH, however supporting more than two groups is not yet precluded.  Since CDMed DMRS ports are QCLed there are at most 2 and 3 DMRS port groups in DMRS configuration type 1 and DMRS configuration type 2, respectively. Table 6 in appendix provides an example of DMRS index table supporting 3 DMRS port groups for DMRS configuration type 2; where signaling overhead is 4 bits, if MU-MIMO is not considered it can be shortened to 3 bits. 
Table below provides a summary of signalling overhead for DMRS configuration type 1 and 2 for single and multi-TRP transmission.
Table 1: Summary of signalling overhead for DMRS port index indication
	　
	Single TRP
	Multi-TRP 
and MU-MIMO
(dual TRP)
	Multi-TRP 
but no MU-MIMO
(dual TRP)
	Multi-TRP 
and MU-MIMO
(three TRP)
	Multi-TRP 
but no MU-MIMO
(three TRP)

	
	Number of DMRS index
	Bits of DMRS index
	Number of DMRS index
	Bits of DMRS index
	Number of DMRS index
	Bits of DMRS index
	Number of DMRS index
	Bits of DMRS index
	Number of DMRS index
	Bits of DMRS index

	Configuration type1
	25
	5
	16
	4
	10
	4
	/
	/
	/
	/

	Configuration type2
	31
	5
	20
	5
	10
	4
	12
	4
	8
	3



Proposal 3: In order to reduce DCI overhead, separate DMRS index tables are introduced to support a PDSCH transmission from single TRP and dual TRPs.

UL
It has been agreed that up to 4 layers spatial multiplexing is supported in UL SU-MIMO. Table 7 and 8 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 4: 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 9 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 5: 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.
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 symbols DMRS 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 larger 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. 
In the case of dual TRP transmission, only indicating even number of DMRS ports to indicate total REs occupied by DMRS ports can still be applicable. 
Proposal 6:  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 is multiplexed in the frequency domain on same OFDM symbol.
· Opt2: 1 bit indication of 1 or 2 DMRS symbols to the UE, if DMRS and data is 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.  
Proposal 7:  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 several remaining issues on DMRS design, we have following observations and proposals:
Observation: in numerology of 15 KHz SCS, configuration type 2 performs slight better than configuration type 1.
Proposal 1: considering the wide range of supported PDSCH numerologies, for broadcast/multicast PDSCH DMRS configuration type 1 is supported. 
Proposal 2: for two 1-symbol additional DMRS the location of latest additional DMRS can be same as the position of one additional DMRS
Proposal 3: In order to reduce DCI overhead, separate DMRS index tables are introduced to support a PDSCH transmission from single TRP and dual TRPs.
Proposal 4: 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 5: 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.
Proposal 6:  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 is multiplexed in the frequency domain on same OFDM symbol.
· Opt2: 1 bit indication of 1 or 2 DMRS symbols to the UE, if DMRS and data is not multiplexed in the frequency domain on same OFDM symbol.
Proposal 7:  For MU MIMO scheduling, allocated PRBs or RBGs can be grouped where total number of DMRS ports is indicated for each group.

References
[1] 3GPP RAN1AdHoc#2 meeting Chairman Notes
[2] R1-17xxxxx, “Evaluations on DL DMRS”, CATT, ..


Appendix
Table 2: DMRS index table for single TRP for front loaded DMRS configuration type 1
	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 3: DMRS index table for multi-TRP for front loaded DMRS configuration type 1
	DRMS index (multiple TRP)
	layers
(UE)
	port index
(UE)
	port index
(DMRS port group 1)
	port index
(DMRS port group 2)
	layers
(DMRS port group 1,2)

	0
	2 layers
	port0/2
	port0
	port2
	1,1

	1
	2 layers
	port1/3
	port1
	port3
	1,1

	2
	2 layers
	port4/6
	port4
	port6
	1,1

	3
	2 layers
	port5/7
	port5
	port7
	1,1

	4
	3 layers
	port0-2
	port0-1
	port2
	2,1

	5
	3 layers
	port4-6
	port4-5
	port6
	2,1

	6
	4 layers
	port0-2,4
	port0-1,4
	port2
	3,1

	7
	4 layers
	port0-3
	port0-1
	port2-3
	2,2

	8
	5 layers
	port0-1,2,4-5
	port0-1,4-5
	port2
	4,1

	9
	5 layers
	port0-4
	port0-1,4
	port2-3
	3,2

	10
	6 layers
	port0-5
	port0-1,4-5
	port2-3
	4,2

	11
	6 layers
	port0-4,6
	port0-1,4
	port2-3,6
	3,3

	12
	7layers
	port0-6
	port0-1,4-5
	port2-3,6
	4,3

	13
	8layers
	port0-7
	port0-1,4-5
	port2-3,6-7
	4,4



Table 4: DMRS index table for single TRP for front loaded DMRS configuration type 2
	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 5: DMRS index table for multi-TRP for front loaded DMRS configuration type 2
	DRMS index (multiple TRP)
	layers
(UE)
	port index
(UE)
	port index
(DMRS ports group 1)
	port index
(DMRS ports group 2)
	layers
(DMRS ports group 1,2)

	0
	2 layers
	port0,2
	port0
	port2
	1,1

	1
	2 layers
	port1,3
	port1
	port3
	1,1

	2
	2 layers
	port4,6
	port4
	port6
	1,1

	3
	2 layers
	port5,7
	port5
	port7
	1,1

	4
	2 layers
	port8,10
	port8
	port10
	1,1

	5
	2 layers
	port9,11
	port9
	port11
	1,1

	6
	3 layers
	port0-2
	port0-1
	port2
	2,1

	7
	3 layers
	port3-5
	port3
	port4-5
	1,2

	8
	3 layers
	port6-8
	port6-7
	port8
	2,1

	9
	3 layers
	port9-11
	port9
	port10-11
	1,2

	10
	4 layers
	port0-3
	port0-1
	port2-3
	2,2

	11
	4 layers
	port6-9
	port6-7
	port8-9
	2,2

	12
	4 layers
	port0-2,4
	port0-2
	port4
	3,1

	13
	4 layers
	port6-8,10
	port6-8
	port10
	3,1

	14
	5 layers
	port0-2,6-7
	port0-1,6-7
	port2
	4,1

	15
	5 layers
	port0-3,6
	port0-1,6
	port2-3
	3,2

	16
	6 layers
	port0-3,6,8
	port0-1,6
	port2-3,8
	3,3

	17
	6 layers
	port0-3,6-7
	port0-1,6-7
	port2-3
	4,2

	18
	7layers
	port0-3,6-8
	port0-1,6-7
	port2-3,8
	4,3

	19
	8layers
	port0-3,6-9
	port0-1,6-7
	port2-3,8-9
	4,4



Table 6: DMRS index table for multi-TRP for front loaded DMRS configuration type 2
	DRMS index (multiple TRP)
	layers
(UE)
	port index
(UE)
	port index
(DMRS ports group 1)
	port index
(DMRS ports group 2)
	port index
(DMRS ports group 3)
	Layers
(DMRS ports group 1,2,3)

	0
	3 layers
	0,2,4
	port0
	port2
	port4
	1,1,1

	1
	3 layers
	1,3,5
	port1
	port3
	port5
	1,1,1

	2
	3 layers
	6,8,10
	port6
	port8
	port10
	1,1,1

	3
	3 layers
	7,9,11
	port7
	port9
	port11
	1,1,1

	4
	4 layers
	0-2,4
	port0-1
	port2
	port4
	2,1,1

	5
	4 layers
	6-8,10
	port6-7
	port8
	port10
	2,1,1

	6
	5 layers
	0-4
	port0-1
	port2-3
	port4
	2,2,1

	7
	6 layers
	0-5
	port0-1
	port2-3
	port4-5
	2,2,2

	8
	6 layers
	0-4,6
	port0-1,6
	port2-3
	port4
	3,2,1

	9
	7layers
	0-6
	port0-1,6
	port2-3
	port4-5
	3,2,2

	10
	7layers
	0-4,6-7
	port0-1,6-7
	port2-3
	port4
	4,2,1

	11
	8layers
	0-6,8
	port0-1,6
	port2-3,8
	port4-5
	3,3,2




Table 7: 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 8: 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 9: 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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