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1 Introduction
In RAN1 NR#3 meeting, the following agreements and working assumption were achieved for NR DMRS [1]:
· For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions

· 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

· Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
· 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 

· For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.

· further discuss next meeting the support of the case of two 2-symbol additional DMRS.

· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

· NR supports up to 4 ports per-UE in MU-MIMO

· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 

· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.

· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.

· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot
In this contribution, we focus on DMRS port indexing and DMRS information signaling first and the other remaining issues for DMRS will be discussed based on the agreements and working assumption listed above.
2 DMRS port indexing details

In RAN1 NR#2 meeting [2], two front-loaded DMRS configurations on time and frequency domain multiplexing of antenna ports were agreed for UL and DL CP-OFDM. Specifically, DMRS configuration type 1 is Comb based pattern with cyclic shifts of length 2 and supports up to 8 orthogonal DMRS ports. In contrast, DMRS configuration type 2 is FD-OCC pattern of adjacent two REs in frequency domain and supports up to 12 orthogonal DMRS ports. Each DMRS configuration can be spanned in one or two OFDM symbols according to the gNB indication or configuration. In RAN1#90 [3], the DMRS port indexing for one OFDM symbol pattern of type 1 and type 2 was decided. In this case, the DMRS port indexing goes first over the CDM/CS ports then over comb/FDM. Applying the port indexing principle used in one symbol case and applying TD-OCC together, we can extend this port indexing method for two symbol case. The detailed DMRS port indexing method for two symbol case is given in Table 1 and Figure 1. Notice that the DMRS port indexing method proposed in this Section is assumed for DMRS port indication proposals in Section 2.
Proposal1: For DMRS port indexing for two symbol case of configuration type 1 and type 2 with CP-OFDM, the same principle used in one symbol case where port indexing goes first over the CDM/CS ports then over comb/FDM is applied together with TD-OCC. 
Table 1 Parameters for DMRS configuration type 1 and 2

	A. DMRS configuration type 1
	B. DMRS configuration type 2
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Figure 1 Mapping of DMRS ports
In addition, a power imbalance problem was raised in email discussion of TS 38.211 [4]. When TD-OCC is applied to two symbol DMRS, length 2 OCC code can be applied for separating different two layers. Then if we employ precoding to the DMRS and data, the transmission power of the DMRS for one symbol becomes twofold compared to that for data in the worst case that the precoding weight applied to different layers are same. In Rel-13 FD-MIMO, same issue was also discussed. The specific example can be found in [5] when TD-OCC with length 4 is applied to DMRS. In order to randomize peak transmission power and resolve such power imbalance problem, time/frequency variation of the DMRS OCC mapping was proposed. However, such time/frequency variation is not supported since power imbalance can be resolved by proper gNB implementation such as user scheduling and precoder adjustment. As well as power imbalance issues in FD-MIMO, power imbalance problem in NR DMRS also can be resolved by gNB implementation. For example, gNB can apply a random phase shift on the layers mapped to CDMed DMRS ports. Therefore, we propose:
Proposal2: Change of DMRS OCC mapping to resolve power imbalance issue is not needed.
3 DMRS information signaling
Compared to Rel-13 FD-MIMO which supports up to 4 orthogonal ports for multi-user spatial multiplexing, signaling overhead on DL control information can be dramatically increased in NR since NR DMRS supports up to 12 orthogonal ports for multi-user spatial multiplexing operation. In FD-MIMO, the possible combinations for multi-user paring in Rel-13 LTE are within a single CDM group and thus corresponding signaling overhead was marginal. However, in contrast to FD-MIMO, the multi-user paring to support the larger number of orthogonal DMRS ports for multi-user spatial multiplexing cannot be done within a single CDM group and this increases possible multi-user paring combinations and results in large burden for signaling overhead. Also, in this case information on multi-user paring should be signaled in order to properly perform rate matching when FDM between data and DMRS is allowed. Considering such aspects, huge increment of overhead for DMRS information signaling compared to FD-MIMO is expected in NR. Since larger information in DL control information (DCI) reduces system coverage, it is very important to minimize the payload carried in DCI as much as possible. In order to provide optimized DCI design for NR DMRS, required information for NR DMRS are listed in Table 2. 
Table 2 Candidate information list for NR DMRS
	DMRS information
	signaling preference
	RAN1 decision

	DMRS configuration type
	Higher layer
	Agreed [2]

	The number of additional DMRS
	Higher layer
	Agreed [3]

	Number of layers & port number
	DCI
	Not yet

	Scrambling ID
	DCI
	Not yet

	One symbol/two symbol DMRS indicator
	DCI
	Not yet

	PDSCH rate matching information
	DCI
	Not yet

	DMRS antenna port grouping information
	Higher layer and DCI
	Not yet


Among the NR DMRS information listed above, high layer signaling for DMRS configuration type and the number of additional DMRS was agreed in the previous RAN1 meeting [2][3]. However, signaling details for other information listed above should be decided. First of all, number of layers & port number should be signaling by DCI to support dynamic switching of single-user/multi-user spatial multiplexing and transmission rank. 

Proposal3: Support DCI signaling for the number of layers & port number.
In order to support DPS (dynamic point selection), dynamic indication of scrambling ID should be supported. In LTE, indication of scrambling ID was tied with DMRS information such as number of layers & port number. However, in NR, such restriction may not provide enough overhead reduction due to the increased number of orthogonal DMRS ports. Moreover, explicit signaling of scrambling ID can provide flexible operation of DPS regardless of transmission rank. Considering such aspects, independent signaling of scrambling ID from the number of layers & port number is more desirable in NR. 
Proposal4: Support DCI signaling for scrambling ID which is independently signaled from number of layers & port number.
Furthermore, 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. Thus, if this indicator says one symbol, one symbol additional DMRS(s) are configured when additional DMRS(s) are configured. If this information is semi-statically indicated, there can be some multi-user scheduling restriction between one symbol and two symbol indicated users. In addition, if dynamic switching between one and two symbol DMRS is not supported, dynamic rank adaptation for higher layer transmission is not possible which impacts on peak throughput performance. Also, in poor channel conditions, two symbol DMRS can provide more robust channel estimation performance than one symbol DMRS. Therefore, the dynamic switching between one and two symbol DMRS is helpful for adjusting in channel conditions rapidly. More detailed signaling methods on this will be discussed in the below. Here, we propose:
Proposal5: Support DCI signaling for one symbol/two symbol front-loaded DMRS indicator.
Plus, the signaling for PDSCH rate matching in DMRS symbols was agreed in RAN1#90 [3] since DMRS and PDSCH for CP-OFDM can be FDMed. As we discussed, in NR since multi-user paring cannot be done within a fixed CDM group, rate matching information should be indicated for considering FDM between data and DMRS. This information can be signalled by DCI using one or two bits. Specifically, there are two and three CDM groups for DMRS configuration type1 and type2, respectively as depicted Figure 1 which are demonstrated different colors. For example, if the number of CDM groups is indicated, a receiver can interpret multi-user paring information implicitly and perform rate matching. Therefore, we propose: 
Proposal6: Support DCI signaling for PDSCH rate matching information which can be implicitly indicated by CDM group information.
Lastly, the DMRS antenna port grouping is supported in NR where DMRS ports within one group are QCL-ed. One important use case for the DMRS antenna port grouping is to support non-coherent joint transmission (NC-JT) [6]. In NR, both single PDCCH based NC-JT and two PDCCH based NC-JT are supported [2]. In case of the two PDCCH based NC-JT, each PDCCH can indicate the DMRS ports transmitted from each transmission point. Therefore, a simple DMRS port grouping method can be adopted. For instance, if UE is allowed to receive 2 DCIs for scheduling 2 PDSCHs in a TTI, then each DCI is associated with each DMRS port group. On the other hand, in case of the single PDCCH based NC-JT, the additional information on DMRS antenna port grouping for NC-JT should be indicated by DCI. Considering both flexibility on DMRS port grouping and DCI overhead, the DMRS port grouping can be indicated by higher layer signaling and only number of layers for NC-JT can be indicated by DCI. More detailed signaling methods on this will be discussed in the below. Here, we propose:
Proposal7: Support high layer signaling for DMRS port groping and DCI signaling for number of layers for NC-JT when single PDCCH based NC-JT is used.
Based on the proposals above, we can discuss signaling methods for DMRS information in more details. As we explained above, the DMRS information on scrambling ID and PDSCH rate matching can be separately signalled using DCI. In the following, we focus on the signaling details of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information. First of all, as shown in Figure 1, DMRS configuration type1 and type2 for CP-OFDM have different pattern, thus separate signaling design on DMRS information is desirable and we propose:
Proposal8: Separate signaling design on DMRS information should be considered for DMRS configuration type1 and type2 with CP-OFDM, respectively.
Therefore, for DMRS configuration type1, we propose the following principle for signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information to minimize the payload size in DCI:
Proposal9: For DMRS configuration type1 with CP-OFDM, consider following principle for DMRS information signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information: 
· The maximum number of multi-user layers per UE is four.
· One codeword and two codeword columns are supported for DMRS information signaling.
· For X=1 layer transmission, any orthogonal DMRS port can be scheduled.
· For 1<X≤K layer transmission: 
· One symbol, K=2
· X=2 layers can be CDMed or FDMed.
· Two symbols, K=4
· X=2,3,4 layers can be CDMed.
· The combinations of CDMed or FDMed DMRS ports can be limited in order to reduce DCI overhead.
· For X>K layer transmission
· X layers can be mapped to X DMRS ports in a consecutive manner.
· Ex., for X=5, DMRS port 0,1,2,3,4,5 are used for transmission.
· For X>4, two codeword column are used for signaling.
· Reserved bits for two codeword column can be used for indicating number of layers for single PDCCH based NC-JT.
According to the signaling principle above, 5bits DMRS information signaling table can be made for DMRS configuration type1 with CP-OFDM as:
Table 3 Information signaling table for DMRS type 1
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	# of layers
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	# of symbol
	Index
	# of layers
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	# of symbol

	1
	1
	0
	1
	1
	5
	0,1,2,3,4
	2

	2
	1
	1
	1
	2
	6
	0,1,2,3,4,5
	2

	3
	1
	2
	1
	3
	7
	0,1,2,3,4,5,6
	2

	4
	1
	3
	1
	4
	8
	0,1,2,3,4,5,6,7
	2

	5
	2
	0,1
	1
	5
	2
	Port grouping in higher layer (NC-JT)
	1

	6
	2
	2,3
	1
	6
	3
	Port grouping in higher layer (NC-JT)
	1

	7
	2
	0,2
	1
	7
	4
	Port grouping in higher layer (NC-JT)
	1

	8
	3
	0,1,2
	1
	8
	2
	Port grouping in higher layer (NC-JT)
	2

	9
	4
	0,1,2,3
	1
	9
	3
	Port grouping in higher layer (NC-JT)
	2

	10
	1
	0
	2
	10
	4
	Port grouping in higher layer (NC-JT)
	2

	11
	1
	1
	2
	11
	5
	Port grouping in higher layer (NC-JT)
	2

	12
	1
	2
	2
	12
	6
	Port grouping in higher layer (NC-JT)
	2

	13
	1
	3
	2
	13
	7
	Port grouping in higher layer (NC-JT)
	2

	14
	1
	4
	2
	14
	8
	Port grouping in higher layer (NC-JT)
	2

	15
	1
	5
	2
	15
	reserved
	reserved
	reserved

	16
	1
	6
	2
	16
	reserved
	reserved
	reserved

	17
	1
	7
	2
	17
	reserved
	reserved
	reserved

	18
	2
	0,1
	2
	18
	reserved
	reserved
	reserved

	19
	2
	2,3
	2
	19
	reserved
	reserved
	reserved

	20
	2
	4,5
	2
	20
	reserved
	reserved
	reserved

	21
	2
	6,7
	2
	21
	reserved
	reserved
	reserved

	22
	3
	0,1,4
	2
	22
	reserved
	reserved
	reserved

	23
	3
	2,3,6
	2
	23
	reserved
	reserved
	reserved

	24
	4
	0,1,4,5
	2
	24
	reserved
	reserved
	reserved

	25
	4
	2,3,6,7
	2
	25
	reserved
	reserved
	reserved

	26
	reserved
	reserved
	reserved
	26
	reserved
	reserved
	reserved

	27
	reserved
	reserved
	reserved
	27
	reserved
	reserved
	reserved

	28
	reserved
	reserved
	reserved
	28
	reserved
	reserved
	reserved

	29
	reserved
	reserved
	reserved
	29
	reserved
	reserved
	reserved

	30
	reserved
	reserved
	reserved
	30
	reserved
	reserved
	reserved

	31
	reserved
	reserved
	reserved
	31
	reserved
	reserved
	reserved

	32
	reserved
	reserved
	reserved
	32
	reserved
	reserved
	reserved


In addition, for DMRS configuration type2, we propose the following principle for signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information to minimize the payload size in DCI:
Proposal10: For DMRS configuration type2 with CP-OFDM, consider following principle for DMRS information signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information: 
· The maximum number of multi-user layers per UE is two.
· One codeword and two codeword columns are supported for DMRS information signaling.
· For X=1 layer transmission, any orthogonal DMRS port can be scheduled.
· For 1<X≤K layer transmission: 
· One symbol
· X=2 layers can be CDMed.
· Two symbols
· X=2 layers can be CDMed.
· The combinations of CDMed or FDMed DMRS ports can be limited in order to reduce DCI overhead.
· For X>2 layer transmission
· X layers can be mapped to X DMRS ports in a consecutive manner.
· Ex., for X=5, DMRS port 0,1,2,3,4,5 are used for transmission.
· For X>4, two codeword column are used for signaling.
· Reserved bits for two codeword column can be used for indicating number of layers for single PDCCH based NC-JT.
According to the signaling principle above, 5bits DMRS information signaling table can be made for DMRS configuration type2 with CP-OFDM as:
Table 4 Information signaling table for DMRS type 2
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	# of layers
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	# of symbol
	Index
	# of layers
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	# of symbol

	1
	1
	0
	1
	1
	5
	0,1,2,3,4
	1

	2
	1
	1
	1
	2
	6
	0,1,2,3,4,5
	1

	3
	1
	2
	1
	3
	5
	0,1,2,3,4
	2

	4
	1
	3
	1
	4
	6
	0,1,2,3,4,5
	2

	5
	1
	4
	1
	5
	7
	0,1,2,3,4,5,6
	2

	6
	1
	5
	1
	6
	8
	0,1,2,3,4,5,6,7
	2

	7
	2
	0,1
	1
	7
	2
	Port grouping in higher layer (NC-JT)
	1

	8
	2
	2,3
	1
	8
	3
	Port grouping in higher layer (NC-JT)
	1

	9
	2
	4,5
	1
	9
	4
	Port grouping in higher layer (NC-JT)
	1

	10
	3
	0,1,2
	1
	10
	2
	Port grouping in higher layer (NC-JT)
	2

	11
	4
	0,1,2,3
	1
	11
	3
	Port grouping in higher layer (NC-JT)
	2

	12
	1
	0
	2
	12
	4
	Port grouping in higher layer (NC-JT)
	2

	13
	1
	1
	2
	13
	5
	Port grouping in higher layer (NC-JT)
	2

	14
	1
	2
	2
	14
	6
	Port grouping in higher layer (NC-JT)
	2

	15
	1
	3
	2
	15
	7
	Port grouping in higher layer (NC-JT)
	2

	16
	1
	4
	2
	16
	8
	Port grouping in higher layer (NC-JT)
	2

	17
	1
	5
	2
	17
	reserved
	reserved
	reserved

	18
	1
	6
	2
	18
	reserved
	reserved
	reserved

	19
	1
	7
	2
	19
	reserved
	reserved
	reserved

	20
	1
	8
	2
	20
	reserved
	reserved
	reserved

	21
	1
	9
	2
	21
	reserved
	reserved
	reserved

	22
	1
	10
	2
	22
	reserved
	reserved
	reserved

	23
	1
	11
	2
	23
	reserved
	reserved
	reserved

	24
	2
	0,1
	2
	24
	reserved
	reserved
	reserved

	25
	2
	2,3
	2
	25
	reserved
	reserved
	reserved

	26
	2
	4,5
	2
	26
	reserved
	reserved
	reserved

	27
	2
	6,7
	2
	27
	reserved
	reserved
	reserved

	28
	2
	8,9
	2
	28
	reserved
	reserved
	reserved

	29
	2
	10,11
	2
	29
	reserved
	reserved
	reserved

	30
	3
	0,1,2
	2
	30
	reserved
	reserved
	reserved

	31
	4
	0,1,2,3
	2
	31
	reserved
	reserved
	reserved

	32
	reserved
	reserved
	reserved
	32
	reserved
	reserved
	reserved


In Table 4 and 5, the DMRS antenna port grouping information can be removed if the single PDCCH based NC-JT is not supported in Rel-15.
4 Other remaining issues on DMRS
Default DMRS pattern
In RAN1 NR#3 meeting [1], the working assumption was made that the front-load DMRS configuration 1 becomes default DMRS pattern for broadcast/multicast PDSCH. We propose to confirm this working assumption. The default DMRS pattern for broadcast/multicast PDSCH can also include a scenario for RRC_INACTIVE mode defined in TS 38.300 where gNB broadcasts paging massage to multiple UEs. Then a remaining issue is that default DMRS pattern for unicast PDSCH transmission before RRC connection. Specifically, 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 this case, the default DMRS pattern used for broadcast/multicast PDSCH can be also assumed. In this regard, we propose:
Proposal11: Support the front-load DMRS configuration 1 for broadcast/multicast PDSCH and for unicast PDSCH transmission before RRC connection.
DMRS for DFT-S-OFDM
Related to UL DMRS, the followings were agreed in RAN1#86bis [7] for NR waveform as:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

According to the agreements above, the use for DFT-S-OFDM is limited to a single stream transmissions targeting for link budget limited cases. The motivation of two OFDM symbols for front-loaded DMRS is to support multi-stream transmission. Therefore, it is not justified that front-loaded DMRS for UL DFT-S-OFDM is allocated to two OFDM symbols. In addition, the current agreement on UL DMRS pattern for DFT-S-OFDM is that at least comb2 (repetition factor=2) structure is supported [2]. However, in order to provide low PAPR and CM properties, repetition factor=1 also should be supported for UL DMRS with DFT-S-OFDM. In this regard, we propose:
Proposal12: Front-loaded DMRS for UL DFT-S-OFDM is allocated to only one OFDM symbol and in addition to repetition factor=2, repetition factor=1 also should be supported for UL DMRS pattern with DFT-S-OFDM.
DMRS position for PUSCH

In RAN1#88 meeting [8], we made an agreement for a common DMRS structure for DL and UL as:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 

· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.

According to agreement above, it was agreed to support only PN sequence both in DL and UL DMRS for CP-OFDM [2]. In addition, 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 [2]. Therefore, same DMRS pattern and scrambling sequence can be configured in DL and UL CP-OFDM. However, for DMRS location, we do not have an agreement for commonality between DL and UL. Basically, the common DMRS structure for DL and UL facilitates a cross-link interference management with the commonality of DMRS location, DMRS pattern, and scrambling sequence. Therefore, if same DMRS location is not supported for DL and UL, advantage of common DMRS structure will be disappear. In this aspect, we should strive for same DMRS locations for UL and DL. Currently, the first DMRS position for PDSCH was agreed as [2]: 
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

In addition, we made the following agreement on the first DMRS position for PUSCH as: 

· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.

· FFS: Additional possibility of the another fixed position relative to the start of slot

· The exact fixed position can be changed depending on the duration of the scheduled data
Based on agreement above, in order to make same DMRS location for UL and UL as possible, we propose: 
Proposal13: Strive for same DMRS locations for UL and DL. 

· At least for UL only slot, the first DMRS position of the PUSCH is fixed on 3rd or 4th symbol of the slot.
DMRS sequence design
In RAN1 NR#2 meeting [2], it was agreed to support only PN sequence both in DL and UL DMRS for CP-OFDM. In addition, it was agreed to support ZC sequence for UL DFT-S-OFDM in RAN1 RAN1#88bis [9]. However, detailed sequence generation methods were not decided yet. In LTE, PN sequence was adopted for DL DMRS and ZC sequence was adopted for UL DMRS. Therefore, LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design. However, we need to consider NR new features in sequence generation and initialization. For instance, in LTE DL, 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:
Proposal14: Reuse LTE DMRS sequence design as much as possible for NR DMRS sequence design both for CP-OFDM and DFT-S-OFDM but NR new features should be considered in the detailed sequence design.
5 Conclusions
This contribution discusses on remaining issues on NR DMRS and proposes the followings depending on the discussion:
Proposal1: For DMRS port indexing for two symbol case of configuration type 1 and type 2 with CP-OFDM, the same principle used in one symbol case where port indexing goes first over the CDM/CS ports then over comb/FDM is applied together with TD-OCC. 
Proposal2: Change of DMRS OCC mapping to resolve power imbalance issue is not needed.
Proposal3: Support DCI signaling for the number of layers & port number.
Proposal4: Support DCI signaling for scrambling ID which is independently signaled from number of layers & port number.
Proposal5: Support DCI signaling for one symbol/two symbol front-loaded DMRS indicator.
Proposal6: Support DCI signaling for PDSCH rate matching information which can be implicitly indicated by CDM group information.
Proposal7: Support high layer signaling for DMRS port groping and DCI signaling for number of layers for NC-JT when single PDCCH based NC-JT is used.
Proposal8: Separate signaling design on DMRS information should be considered for DMRS configuration type1 and type2 with CP-OFDM, respectively.

Proposal9: For DMRS configuration type1 with CP-OFDM, consider following principle for DMRS information signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information: 
· The maximum number of multi-user layers per UE is four.
· One codeword and two codeword columns are supported for DMRS information signaling.
· For X=1 layer transmission, any orthogonal DMRS port can be scheduled.
· For 1<X≤K layer transmission: 
· One symbol, K=2
· X=2 layers can be CDMed or FDMed.
· Two symbols, K=4
· X=2,3,4 layers can be CDMed.
· The combinations of CDMed or FDMed DMRS ports can be limited in order to reduce DCI overhead.
· For X>K layer transmission
· X layers can be mapped to X DMRS ports in a consecutive manner.
· Ex., for X=5, DMRS port 0,1,2,3,4,5 are used for transmission.
· For X>4, two codeword column are used for signaling.
· Reserved bits for two codeword column can be used for indicating number of layers for single PDCCH based NC-JT.
Proposal10: For DMRS configuration type2 with CP-OFDM, consider following principle for DMRS information signaling of the number of layers & port number, one symbol/two symbol DMRS indicator, and DMRS antenna port grouping information: 
· The maximum number of multi-user layers per UE is two.
· One codeword and two codeword columns are supported for DMRS information signaling.
· For X=1 layer transmission, any orthogonal DMRS port can be scheduled.
· For 1<X≤K layer transmission: 
· One symbol

· X=2 layers can be CDMed.
· Two symbols

· X=2 layers can be CDMed.
· The combinations of CDMed or FDMed DMRS ports can be limited in order to reduce DCI overhead.
· For X>2 layer transmission
· X layers can be mapped to X DMRS ports in a consecutive manner.
· Ex., for X=5, DMRS port 0,1,2,3,4,5 are used for transmission.
· For X>4, two codeword column are used for signaling.
· Reserved bits for two codeword column can be used for indicating number of layers for single PDCCH based NC-JT.
Proposal11: Support the front-load DMRS configuration 1 for broadcast/multicast PDSCH and for unicast PDSCH transmission before RRC connection.
Proposal12: Front-loaded DMRS for UL DFT-S-OFDM is allocated to only one OFDM symbol.
Proposal13: Strive for same DMRS locations for UL and DL. 

· At least for UL only slot, the first DMRS position of the PUSCH is fixed on 3rd or 4th symbol of the slot.
Proposal14: Reuse LTE DMRS sequence design as much as possible for NR DMRS sequence design both for CP-OFDM and DFT-S-OFDM but NR new features should be considered in the detailed sequence design.
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