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1 Introduction
In 3GPP TSG RAN WG1 NR Ad-Hoc#2, the following agreement was made on DM-RS support for DL [1]:
	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 port
· 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


In this contribution we provide our views on some of the remaining details of DM-RS design such as DM-RS sequence generation, DM-RS sequence mapping to PRB blocks, DM-RS antenna port indication for the UE and support of power boosting on DM-RS signals.
2 Discussion

DM-RS sequence generation and mapping 
In LTE DM-RS sequence is generated using Gold sequence of length 31. The generated sequence is is first obtained assuming the maximum number of PRBs denoted as 
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 the appropriate portion of the sequence is extracted and modulated using QPSK. 

It should be noted that the actual sequence used for modulation of DM-RS depends on the actual system BW assumption at the UE and for NR this assumption, in general case, may not be known to the UE. As the results the UE operating under different assumptions on the actual system bandwidth and assigned on the same PRB block in the physical domain will use different sequences for modulation of DM-RS. As the result the orthogonal DM-RS antenna port multiplexing will not possible in case CDM multiplexing is considered. 
Figure 1 illustrates the problem in more details.
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Figure 1: Illustration of the PN sequence mapping to different PRB for UE-specific RS


To maintain the same modulation sequence for the reference signal, common reference point for counting PRB index should be defined. In particular we propose, centre of PBCH/SS block for the reference point for DM-RS sequence mapping:
Proposal:

· DM-RS sequence mapping in NR should support nested structure, so that UEs operating under different bandwidth assumptions would use the same part of the PN sequence to modulate DM-RS
· Consider center of SS/PBCH block for DM-RS sequence mapping to PRBs

Support of virtual CID

We note that DM-RS sequence generation should consider multi-point scenarios with dynamic TRP switching of the PDSCH transmission and PUSCH reception. To facilitate flexible pairing of the UEs served by different TRPs, at least two VCIDs configurations with dynamic indication of the actual VCID for the DM-RS sequence generation should be supported in NR. The indication of the actual VCID value for DM-RS modulation can be supported by PQI bits or nSCID bit as in LTE.

For the scenarios, where RRC configuration of VCIDs is not available (e.g. SIB1 transmission, RRC reconfiguration), the default assumption on VCID for DM-RS sequence generation should be defined by specification. In particular we propose to use PCID to derive default VCID value for DM-RS sequence generation for the DL and UL. 
Proposal:

· NR supports configuration of two or more VCIDs with dynamic indication of actual VCID for DM-RS sequence generation by using PQI bits for both DL and UL, where one VCID is configured with default value based on the PCID
PN sequence generation for DM-RS
In LTE, DM-RS modulation is performed by using PN sequence generated based on the initial seed value. The initial seed value for PN sequence generation depends on the VCID, slot index and nSCID parameters as follows:

[image: image4.wmf]ë

û

(

)

(

)

SCID

16

)

(

ID

s

init

2

1

2

1

2

/

SCID

n

n

n

c

n

+

×

+

×

+

=


For NR, similar approach for DM-RS sequence generation should be considered based. In order to provide additional randomization between front-loaded DM-RS symbol and DM-RS symbol repetition, the initial scrambling value should depend on the index of DM-RS repetition. For example, the parameter 
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 can be introduced in the initial seed that takes one value from the set {0, 1} depending whether DM-RS symbol(s) corresponds to the front-loaded part of DM-RS or repetition part of DM-RS symbols. Similar to LTE, index of slot, denoted as 
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 should be used to determine seed value. For mini-slot scheduling, the value of 
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 can be selected in accordance to starting OFDM symbol of the PDSCH / PUSCH transmission. 
To further randomize interference corresponding to different numerologies, the parameter 
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 should be also considered in the initial seed. For example, 
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 = 0, 1, 2 or 3 can be used for SCS of 15 kHz, 30 kHz, 60 kHz and 120kHz irrespective of the CP duration.
The resulting equation to determine initial seed value for DM-RS can be represented as follows
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It should be noted that the number of bits required for initial value may be larger than 32 bits supported for by LTE PN sequence. Therefore, Gold sequence of length 63 should be considered for NR specification.
Proposal:

· DM-RS sequence is modulated using PN sequence, where initial seed of the PN sequence generator depends on the VCID, slot index, subcarrier spacing

· Consider larger degree polynomial (e.g. 63) for PN sequence generator 
Control signalling for DM-RS antenna port indication
In [2], it was observed that the maximum number of MIMO layers at TRP required for MU-MIMO operation depends on the various factors such as the maximum number of TXRUs employed at the TRP, traffic loading, coverage area of TRP, scheduling scheme, etc. It was also observed that the probability of using 12 or more DM-RS antenna ports at TRP is not very high and beneficial only for the specific scenario of MU-MIMO transmission from TRP with very large number of TXRUs and in the presence of very high traffic load. 

It should be noted that support of DM-RS antenna port indication for the UE from the larger set of orthogonal DM-RS antenna ports, e.g. 12, would require provision in DCI of very large number bits. However, in most of the cases, not all of the supported in DCI DM-RS antenna port combinations would be used in the practice. In this case support of DM-RS antenna port indication always assuming the maximum of 12 DM-RS antenna ports in MU-MIMO is not desirable and some overhead reduction scheme in the downlink control signaling should be considered for NR.
For example, the number of bits used for the DM-RS antenna port indication can be reduced by considering multiple values of the total orthogonal DM-RS antenna ports in MU-MIMO, e.g. maximum of N = 4, 6, 8 and 12, where the actual value of N can be indicated to the UE using higher layer signaling. As a special case, UE may be configured with N = 0, 1 to support DM-RS antenna port indication for SU-MIMO with minimum DCI signaling overhead. Summarizing discussion above the following proposal can be made:

Proposal:

·  Control signaling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna indicated by a variable N e.g. N = {0, 1, 4, 6, 8, 12}, where 0 and 1 correspond to the special case of DM-RS antenna port indication supporting SU-MIMO only for DM-RS configurations 1 and 2 respectively. The value of  N in MU-MIMO can be indicated to the UE using RRC signaling
DM-RS power boosting 
Relatively small density of DM-RS REs per OFDM symbol, supported by some DM-RS patterns, offers use of the UE transparent power sharing between DM-RS and PDSCH in case QPSK modulation is applied. Such power sharing is required to improve the channel estimation performance for low SINR UEs, where the channel estimation becomes performance bottleneck. In this case larger channel estimation processing gain is required to improve the overall performance. 
Comparing to additional DM-RS pattern design supporting higher density of DM-RS REs for the UEs operating in such low SINR regime, DM-RS power boosting approach of increasing channel estimation gain is more efficient as it relies on the same DM-RS pattern. Moreover fully transparent to the UE (i.e. doesn’t requires any signalling to the UE due to use of QPSK) power boosting on DM-RS allows soft balancing between channel estimation and PDSCH processing efficiency for the UE. The performance improvement offered by such flexible power control is analysed in [3] and showed to be efficient for NR. 
Figure 2 shows the examples of power sharing between DM-RS REs and PDSCH REs. It can be seen that for DM-RS patterns with small density of DM-RS REs in each OFDM symbol, power boosting on DM-RS REs doesn’t significantly reduce the power on PDSCH REs, therefore, minimizing power fluctuations across OFDM symbols with an without DM-RS.
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Figure 2: Illustration of flexible and UE transparent power sharing between DM-RS and PDSCH REs
Proposal:

· Downlink DM-RS supports power boosting without signalling assistance to the UE for PDSCH scheduled with QPSK modulation
3 Summary

In this contribution we provide ore view on some of the remaining details of DM-RS design, focusing on the aspects of DM-RS sequence generation and DM-RS sequence mapping to PRB blocks, DM-RS antenna port indication for the UE and support of power boosting on DM-RS signals.

· DM-RS sequence mapping in NR should support nested structure, so that UEs operating under different bandwidth assumptions would use the same part of the PN sequence to modulate DM-RS
· Consider center of SS/PBCH block for DM-RS sequence mapping to PRBs
· NR supports configuration of two or more VCIDs with dynamic indication of actual VCID for DM-RS sequence generation by using PQI bits for both DL and UL, where one VCID is configured with default value based on the detected PCID and SS block time index
· DM-RS sequence is modulated using PN sequence, where initial seed of the PN sequence generator depends on the VCID, slot index, subcarrier spacing

· Consider larger degree polynomial (e.g. 63) for PN sequence generator 
· Control signalling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna ports, e.g. N = {0,1, 4, 6, 8, 12}, where 0, 1 corresponds to the special case of DM-RS antenna port indication supporting SU-MIMO only. The maximum number of DM-RS antenna ports N in MU-MIMO, can be indicated to the UE using RRC signalling
· Downlink DM-RS supports power boosting without signalling assistance to the UE for PDSCH scheduled with QPSK modulation
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