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1 Introduction
In RAN1 NR Ad-Hoc#2 meeting, the following agreements were achieved for DL DMRS [1]:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

· 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

· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:

· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:

· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 

· Alt 2: Configuration 2 with 2 symbols

· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 

· Alt 2: Additional DMRS is configurable

· FFS the number of additional DMRS symbol(s)

· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N

· N is 4 for Configuration 1 and 6 for Configuration 2.

· FFS the details to determine 1 or 2 symbols

In this contribution, the remaining issues for DL DMRS will be discussed based on the agreements listed above.
2 DMRS port indexing details
In RAN1 NR Ad-Hoc#2 meeting [1], two types of front-loaded DMRS patterns for CP-OFDM were agreed as: 
· DMRS Type1
· 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
· DMRS Type2
· 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
Here, DMRS Type 1 is IFDM based pattern and supports up to 8 orthogonal DMRS ports. In contrast, DMRS Type 2 is FD-OCC pattern within adjacent REs in frequency domain and supports up to 12 orthogonal DMRS ports. The remaining issue on DMRS patterns is how to indexing DMRS ports. The DMRS port indexing is very important since this will decide DMRS density of transmission layers. Moreover, according to DMRS port indexing the multiplexing methods can be applied differently. After all, those aspects will results in performance difference. Figure 1 and 2 show possible DMRS port indexing methods for above Type 1 and Type 2 DMRS patterns, respectively. 
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Figure 1 The possible DMRS port indexing methods for DMRS Type 1
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Figure 2 The possible DMRS port indexing methods for DMRS Type 2
In Figure 1 and 2, the number of used REs for DMRS is calculated in order to describe DMRS density of transmission layers which is different over DMRS port indexing methods. In addition, we can see that depending on DMRS port indexing, the applied order of FDM/CDM/TDM for multiplexing can be different. For instance, if we compare Figure 1(a) and (b) for 2 layer transmission, FDM is first applied in Figure 1(a) while CDM is first applied in Figure 1(b). Furthermore, an optimal DMRS port indexing can be different between one symbol and two symbol DMRS pattern. If we select our preferred DMRS port indexing from Figure 1 and 2, we propose:
Proposal1: Following DMRS port indexing methods are preferred for DMRS Type 1 and 2 as:
· DMRS Type1

· One symbol: Figure 1(a)
· Two symbols: Figure 1(e)
· DMRS Type2

· One symbol: Figure 2(b)
· Two symbols: Figure 2(d)
In addition, a power imbalance problem was raised in email discussion of TS 38.211 [2] when TD-OCC is applied to two symbol DMRS. In Rel-13 LTE, same issue was also discussed for TD-OCC with length 4. This problem can be solved by time/frequency variation of the DMRS OCC mapping and by randomizing peak transmission power. However, the consensus on specification work to solve the power imbalance problem was not made since this problem can be solved by proper gNB implementation such as user scheduling and precoder adjustment. Therefore, we propose spec-transparent way on this issue.
Proposal2: The power imbalance issue can be solved by proper gNB implementation. No specification work is needed.
3 DMRS information signalling
NR DMRS supports up to 12 orthogonal ports for multi-user spatial multiplexing operation. In order to support dynamic switching between single-user and multi-user spatial multiplexing and the rank adaptation of single-user spatial multiplexing, dynamic indication of antenna port(s) and number of layers would be required. Therefore, compared to Rel-13 LTE which supports up to 4 orthogonal ports, signalling overhead on DL control information can be further increased in NR. It is an established design principle to minimize the payload carried as DL control information as much as possible in order to prevent undesired impact on control coverage. In this aspect, we need to list up candidate signalling information for NR DMRS and decide which information should be indicated dynamically considering signalling overhead on DL control information. Candidates of information that need to be considered are:
· Number of layers & port number
· Scrambling ID

· One symbol/two symbol DMRS indicator

· Additional DMRS configuration

· DMRS antenna port grouping information
Among the NR DMRS information listed above, the scrambling ID can be used to distinguish DMRS port from other cell (ex., for CoMP operation) and this can be used also for distinguish multi-user within cell. Therefore, the scrambling ID also should be signalled dynamically to support dynamic switching operation between cell and within cell. The one symbol/two symbol DMRS indicator is newly needed in NR since the number of front-load DMRS symbols can be either 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N. Here, N is 4 for DMRS type 1 and 6 for DMRS type 2. The information of one symbol/two symbol DMRS can be indicated dynamically or semi-statically. If this information is semi-statically indicated, there can be some multi-user scheduling restriction between one symbol and two symbol indicated users. The information of additional DMRS configuration is also newly needed in NR since in addition to the front-loaded DMRS, additional DMRS should be configured depending on channel conditions and slot structure. The information of additional DMRS can be configured dynamically or semi-statically. However, considering channel variation over time, dynamic configuration on additional DMRS may not be necessary. In addition, DMRS antenna port grouping was introduced in NR where DMRS ports within one group are QCL-ed. This information also can be configured dynamically or semi-statically. If this information is semi-statically indicated, there can be also multi-user scheduling restriction among different DMRS port groups. However, in the aspect of reducing overhead on DL control information, at this stage number of layers, port number, and scrambling ID should be indicated dynamically and further justifications of dynamic signalling of other DMRS information listed above are necessary. In addition, we need to consider separate signalling of scrambling ID and number of layers & port number in NR. In LTE, all these information are included in one signalling table. However, the independent signalling of scrambling ID is more desirable since 12 orthogonal ports are supported and number of scrambling ID can be increased in NR. Therefore, we propose:
Proposal3: At least number of layers, port number, and scrambling ID should be indicated dynamically through DL control information and support independent signaling of scrambling ID from number of layers & port number in NR.
Before we discuss detailed signalling methods for DMRS information, the maximum number of multi-user layers per UE should be determined since it is related to control signaling design. Although the maximum number of multi-user layers per UE was two in LTE, the limitation of two should be relaxed because higher orthogonally can achieved for spatial multiplexing between multiple users in NR. Therefore we propose to support the maximum number of multi-user layers per UE is four.
Proposal4: In NR, the maximum number of multi-user layers per UE is four.
Assuming that the maximum number of multi-user layers per UE is four, we provide details on how DMRS information can be signaled through DL control information. As we suggested, the independent signaling of scrambling ID from number of layers & port number is considered. In this case the scrambling ID can be signaled by utilizing 1 bit (same information size as LTE) or 2bits (1 bit increase from LTE). Then, in the following, we describe details of signalling methods for number of layers & port number. First of all, we consider the signalling method for DMRS type 1 where 8 orthogonal DMRS ports are supported. Based on the agreement that one codeword is used up to 4 layer transmission, the number of layers and port number can be signaled as shown in Table 1. 
Table 1 Signalling table for number of layers & port number (supporting up to 8 orthogonal DMRS ports) 

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, P1
	0
	5 layer, P1-P5

	1
	1 layer, P2
	1
	6 layer, P1-P6

	2
	1 layer, P3
	2
	7 layer, P1-P7

	3
	1 layer, P4
	3
	8 layer, P1-P8

	4
	1 layer, P5
	4
	Reserved

	5
	1 layer, P6
	5
	Reserved

	6
	1 layer, P7
	6
	Reserved

	7
	1 layer, P8
	7
	Reserved

	8
	2 layer, P1-P2
	8
	Reserved

	9
	2 layer, P3-P4
	9
	Reserved

	10
	2 layer, P5-P6
	10
	Reserved

	11
	2 layer, P7-P8
	11
	Reserved

	12
	3 layer, P1-P3
	12
	Reserved

	13
	3 layer, P4-P6
	13
	Reserved

	14
	4 layer, P1-P4
	14
	Reserved

	15
	4 layer, P5-P8
	15
	Reserved


Next, we consider the signalling method for DMRS type 2. 12 orthogonal DMRS ports are supported in DMRS type 2 for multi-user spatial multiplexing. Therefore, four bits are required to indicate the number of layers and port number. As shown in Table 2, all information was included in one column table in order to removing many unused codepoints pertaining to two codeword transmissions. In Table 2, only one codeword (codeword 0) is enabled unless specified otherwise.
Table 2 Signalling table for number of layers & port number (supporting up to 12 orthogonal DMRS ports)
	Value
	Message

	0
	1 layer, P1

	1
	1 layer, P2

	2
	1 layer, P3

	3
	1 layer, P4

	4
	1 layer, P5

	5
	1 layer, P6

	6
	1 layer, P7

	7
	1 layer, P8

	8
	1 layer, P9

	9
	1 layer, P10

	10
	1 layer, P11

	11
	1 layer, P12

	12
	2 layers, P1-2

	13
	2 layers, P3-4

	14
	2 layers, P5-6

	15
	2 layers, P7-8

	16
	2 layers, P9-10

	17
	2 layers, P11-12

	18
	3 layers, P1-3

	19
	3 layers, P4-6

	20
	3 layers, P7-9

	21
	3 layers, P10-12

	22
	4 layers, P1-4

	23
	4 layers, P5-8

	24
	4 layers, P9-12

	25
	5 layers, P1-5 (2CW)

	26
	6 layers, P1-6 (2CW)

	27
	7 layers, P1-7 (2CW)

	28
	8 layers, P1-8 (2CW)

	29
	Reserved

	30
	Reserved

	31
	Reserved


If we compare the signalling overhead of Table 1 and 2 (with additional 1 bit for scrambling ID which is same information size as LTE) with Rel-13 LTE (4bits are used for supporting 4 orthogonal DMRS ports and indicating the number of layers, port number, and scrambling ID), one more bit is required for supporting 8 orthogonal DMRS ports and two more bits are required for supporting 12 orthogonal DMRS ports. In order to reduce signaling overhead for supporting large number of orthogonal DMRS ports, DMRS antenna port grouping can be utilized for DMRS information signaling. Table 3 shows an example of DMRS antenna port grouping based signalling method. In this example, 3 DMRS antenna port groups are configured and DMRS ports P1~P4, P5~P8, P9-P12 are grouped for DMRS port group A, B, and C, respectively, for one codeword transmissions. Therefore, with only 3 bits signaling overhead, DMRS antenna port group A and B can be configured for supporting 8 orthogonal DMRS ports and DMRS antenna port group A, B, and C can be configured for supporting 12 orthogonal DMRS ports. 
Table 3 Signalling table for number of layers & port number (DMRS port grouping)
	(a) DMRS antenna port group A
	(b) DMRS antenna port group B
	(c) DMRS antenna port group C

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled
Value
Message

Value
Message

0
1 layer, P1
0
5 layer, P1-5
1
1 layer, P2
1
6 layer, P1-6
2
1 layer, P3
2
7 layer, P1-7
3
1 layer, P4
3
8 layer, P1-8
4
2 layer, P1-2
4
Reserved
5
2 layer, P3-4
5
Reserved
6
3 layer, port P1-3
6
Reserved
7
4 layer, port P1-4
7
Reserved

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled
Value
Message

Value
Message

0
1 layer, P5
0
5 layer, P1-5
1
1 layer, P6
1
6 layer, P1-6
2
1 layer, P7
2
7 layer, P1-7
3
1 layer, P8
3
8 layer, P1-8
4
2 layer, P5-6
4
Reserved
5
2 layer, P7-8
5
Reserved
6
3 layer, port P5-8
6
Reserved
7
4 layer, port P1-4
7
Reserved

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled
Value
Message

Value
Message

0
1 layer, P9
0
5 layer, P1-5
1
1 layer, P10
1
6 layer, P1-6
2
1 layer, P11
2
7 layer, P1-7
3
1 layer, P12
3
8 layer, P1-8
4
2 layer, P9-10
4
Reserved
5
2 layer, P11-12
5
Reserved
6
3 layer, port P9-12
6
Reserved
7
4 layer, port P1-4
7
Reserved



In this regard, we should be taken into account the DMRS antenna port grouping based signalling as shown in Table 3. Currently, it was agreed for DMRS antenna port grouping as:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
In order to enable the DMRS antenna port grouping based signalling in NR, we propose:
Proposal5: Support at least 3 DMRS antenna port groups per PDSCH.
4 Other remaining issues on DMRS
DMRS sequence design
In RAN1 NR Ad-Hoc#2 meeting, it was agreed to support only PN sequence both in DL and UL DMRS for CP-OFDM. However, detailed sequence generation and initialization methods were not decided yet. In LTE, PN sequence was adopted for DL DMRS. Therefore, LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design for CP-OFDM. However, we need to consider NR new features in sequence generation and initialization. In LTE, the sequence is generated for maximum channel bandwidth and fixed DMRS pattern. However, larger channel bandwidth, various subcarrier spacing, and various DMRS patterns are supported in NR. Therefore, length of DMRS sequence can be increased dramatically. In addition, in LTE sequence initialization is function of slot number, cell ID (or virtual cell ID), and scrambling ID. In order to randomize DMRS sequence, LTE DMRS sequence is re-initialized over subframe unit. However, depending on numerology, transmission time interval based re-initialization can be burden. After all, we should be taken into account these NR new features for DMRS sequence design. In this subsection, we propose:
Proposal6: LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design for CP-OFDM but NR new features should be considered in sequence generation and initialization methods. 
DMRS for broadcast/multicast PDSCH and fallback mode PDSCH
According to the agreement for front-loaded DMRS pattern, two types of DMRS pattern were defined and a UE is configured by higher layers whether DMRS pattern either from Type 1 or Type 2. Then a remaining issue is that which DMRS pattern should be assumed before high layer DMRS configuration or fallback mode. Specifically, broadcast/multicast PDSCH can be transmitted in initial access procedures. In addition, fallback mode would need to be supported also in NR in order to operate when a UE needs to perform basic radio link set-up or RRC reconfiguration. In LTE system, CRS was used for PDSCH decoding in initial access procedures and in the fallback mode of non-MBSFN subframe. However, in NR system, CRS like wideband “always on” signal is prohibited and DMRS will be used for PDSCH decoding before the state of RRC-connected and the fallback mode. In this regard, high density DMRS pattern which provides most robust channel estimation performance should be used for broadcast/multicast PDSCH and for fallback mode PDSCH. In RAN1 NR Ad-Hoc#2 meeting [1], following alternatives are categorized for down-selection of DMRS for broadcast/multicast PDSCH and we propose this is also applied for fallback mode PDSCH as well:
· Support using only one front-load DMRS Configuration. To down-select from:

· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 

· Alt 2: Configuration 2 with 2 symbols

· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 

· Alt 2: Additional DMRS is configurable

· FFS the number of additional DMRS symbol(s)

In addition, we propose for down-selection as:
Proposal7: Following DMRS pattern is assumed for broadcast/multicast PDSCH and fallback mode PDSCH
· Configuration 1 with 1 symbols
· One additional DMRS is always present
5 Conclusions
This contribution discusses on remaining issues on DL DMRS and proposes the followings depending on the discussion:
Proposal1: Following DMRS port indexing methods are preferred for DMRS Type 1 and 2 as:

· DMRS Type1

· One symbol: Figure 1(a)
· Two symbols: Figure 1(e)
· DMRS Type2

· One symbol: Figure 2(b)
· Two symbols: Figure 2(d)
Proposal2: The power imbalance issue can be solved by proper gNB implementation. No specification work is needed.
Proposal3: At least number of layers, port number, and scrambling ID should be indicated dynamically through DL control information and support independent signaling of scrambling ID from number of layers & port number in NR.

Proposal4: In NR, the maximum number of multi-user layers per UE is four.
Proposal5: Support at least 3 DMRS antenna port groups per PDSCH.
Proposal6: LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design for CP-OFDM but NR new features should be considered in sequence generation and initialization methods. 

Proposal7: Following DMRS pattern is assumed for broadcast/multicast PDSCH and fallback mode PDSCH
· Configuration 1 with 1 symbols
· One additional DMRS is always present
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