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Discussion and Decision
1
Introduction
During the RAN1#89 meeting, the following agreement, conclusion and working assumptions related to DM-RS were made in [1]. 
Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols
Conclusion:

· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting

· Alt.1:   Only support front loaded DMRS

· Alt.2 :  Support front loaded DMRS +additional DMRS

· Alt.3 :  Configurable between Alt.1 and Alt.2

· For  14-symbol slot, down selection should be done in next meeting

· Alt.1:   Only support front loaded DMRS

· Alt.2 :  Support  front loaded DMRS +additional DMRS

· Alt.3 :  Configurable between Alt.1 and Alt.2

· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:

· Support DMRS configurations with two alternatives

· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:

· Option 1A: TDM of antenna ports

· Option 1B: Time domain repetition of all antenna ports

· Notes: 

· This is for both SU-MIMO and MU-MIMO

· If  1B is chosen then whether and/or not pattern shift is used must be decided

Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [4] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

In this contribution, we discuss the details related to NR DM-RS for CP-OFDM waveform in downlink.
2
On the design of additional DM-RS

In RAN1#89, it has been agreed to use the same frequency density for both front-loaded DM-RS and additional DM-RSs. However, we still have an open issue on the option of density reduction for additional DM-RS. From the evaluation results in [2],[3], it has been shown that the gain from reduced density is very marginal or even worse than the default configuration according to the different channel. In order to support two different options, additional dynamic signalling is required, and it is more painful over the gain. 

Proposal 1: NR should not support additional DMRS with reduced density.

In order to support medium to high speed scenarios, the number of additional DM-RS symbols should be configurable, and the possible numbers are 1 and 2. Because of lack of the OFDM symbols in a slot, total 4 DM-RS are too big burden. Figure 1 shows the proposed location of additional DM-RS for one or two-symbol DM-RS patterns.
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Figure 1: Additional DM-RS configurations

Proposal 2: NR support up to N additional DM-RS, 
· N is 2 for one-symbol front-loaded DM-RS pattern

· N is 1 for two-symbol front-loaded DM-RS pattern

In addition, one conclusion has been made on the additional DM-RS for self-contained ACK/NACK. Early positioned DM-RS should be helpful to reduce the decoding delay, and it is necessary to realize the self-contained HARQ feedback. However, the practical benefit is not high enough to justify any specific DMRS patterns. 
We can consider two different cases of slot structure, 7-symbol and 14-symbol slots. Figure 2 shows the example configuration of DM-RS and PUCCH symbols in a slot. Firs, regarding to 7-symbol slot, based on the agreement, 2-3 symbol CORESET should be assumed. In this case, we can consider the location of front-loaded DM-RS is the 3rd or 4th symbols, respectively. Then, the front-loaded DM-RS is already located at the end of the data part, so no additional DM-RS symbol is expected. Even though we assume that 7-symbol slot is more related to wider bandwidth support and 2 symbol CORESET is used, there is no room to include additional DM-RS symbol.
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Figure 2: Examples of front-loaded DM-RS with self-contained ACK/NACK 

In case of 14 symbol slot, there is more cases on the additional DM-RS symbols, and to reduce the decoding latency, we can consider early DM-RS for self-contained ACK/NACK. Though the early located DMRS can be helpful, it still has several problems and open issued. First, self-contained ACK/NACK is UE-specifically configured, there is a problem of misaligned DMRS location among UEs have different capability. Since orthogonal DM-RS multiplexing among UEs should be assumed for MU-MIMO transmission, it is very difficult to signal the position where to be punctured for DM-RS transmission. In addition, early ACK/NACK brings amount of performance degradation for higher mobility. 

In fact, as you can see in figure 1, the relative timing between the last DMRS symbols and NR-PUCCH (dark blue) is the same for 7-symbol slot and 14-symbol slot (bottm left). Thus, if 7-symbol slot is possible to be used for self-contained slot, there is no need for the early DM-RS location for self-contained ACK/NACK in 14-symbol slot.
Proposal 3: No specific DM-RS configuration is required for UE configured with self-contained ACK/NACK.
3
Multiplexing of DM-RS and Data REs
There are two possible ways on multiplexing DM-RS and Data REs. Figure 3 shows the examples of two multiplexing method, which are FDM and TDM. FDM increase the number of the REs to be used for data transmission while TDM mutes the unused REs for DM-RS and boosts the power of DM-RS. Power boosting is required to maintain the transmission power of each antenna ports constant across the symbols in a slot. Following boosting rule should be applied for constant power allocation.

Table 1. Power boosting levels according to DM-RS REs in a slot
	N_DM-RS REs / RB/symbol/Antenna Port
	2
	3
	4
	5
	6

	Power boosting levels (dB)
	7.78
	6
	4.77
	3.8
	3


In case SU-MIMO, FDM is possible to be used without additional signalling, however, it is difficult to apply FDM for MU-MIMO without additional overhead. Though FDM multiplexing is a bit useful to improve the maximum throughput for higher MCS, TDM with power boosting provides superior performance than FDM multiplexing mostly in the SNR region with operation point [4]. The number of unused REs are variable and mostly small except 1 port transmission. Thus, at least for DL, there is not so high possibility to have rank 1 transmission with higher MCS with SU-MIMO, which is the only case FDM multiplexing shows performance gain. 

Thus, TDM with power boosting should be supported for multiplexing of DM-RS and data REs in NR.

Proposal 4: NR support TDM multiplexing with power boosting between DM-RS and data regardless of SU-MIMO and MU-MIMO.

· FFS: FDM for DM-RS in mini-slot
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Figure 3: Two alternatives for DM-RS multiplexing with data
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Figure 4: Comparisons of data throughput with TDM(boosting) /FDM(data mux) multiplexing with data multiplexing (for rank-1)
4
Front-loaded DM-RS configuration

In RAN1#89, it has been agreed to support two front-loaded DM-RS configurations. According to network configuration, one of the DM-RS configurations can be used. In this section, we provided the comparison of the alternatives in each configuration, and provide our view on the preferred options for each alternative. 
According to the discussion in section 3, all patterns are assumed to be power boosted without FDMed with data REs.
4.1 

DM-RS configuration 1
4.1.1 One symbol pattern alternatives
Figure 5 shows the possible alternatives for DM-RS configuration 1 with one OFDM symbol. There are two main frequency domain patterns can be considered, those are Comb2 and Comb4 patterns. For Comb-based pattern, there are two main multiplexing method, FDM and CDM. Comb2 utilizes the 2 FDM and 2-4 CDM with cyclic shift. On the other hand, Comb4 utilizes 4 FDM and upto 2 CDM with cyclic shift. Since we don’t consider the FDM with data REs, the allocated power of DM-RS in a PRB for all antenna ports are the same regardless of DM-RS patterns. 
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(a) Comb2 + 2CS (upto 4 ports)
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Figure 5: Two alternatives for DM-RS Configuration 1 with one OFDM symbol.

Based on the simulation results in [4], the followings are observed. 
Observation 1: For rank 1, the performance of two Comb-type shows almost the same BLER and throughput performance.

Observation 2: For rank 4, Comb4 shows better performance than Comb2 because of performance loss from CS in case of long delay channel.
In addition, Comb4 provide the capability of supporting upto 8 ports in an OFDM symbol with short and medium delay spread channel especially in indoor and higher frequency scenarios. Though Comb2 can support upto 8ports with 4 CS, in order to support 4CS, wider flat channel should be assumed. As shown in [4], with low delay channel, with 8 port DM-RS with Comb4 provides almost the same performance of throughput per antenna port with the case of 4 ports. Even though very high MCS like 64QAM r=2/3, some performance loss was observed. But, in case of higher frequency, because of beamforming effect, much lower delay spread is expected.
Summarized that Comb4 pattern provides better performance upto 4 ports, and provide additional possibility to support upto 8 ports in an OFDM symbol. 
From the following observation and evaluation, Comb4 based pattern should be supported for configuration 1 of one OFDM symbol case. 
Proposal 5: Alt2(Comb4 based pattern) should be adopted as one symbol DM-RS pattern for DM-RS configuration 1
4.1.2 Two-symbol pattern alternatives

Figure 6 shows the alternatives for DM-RS configuration 1 with two OFDM symbols. In addition to 3 alternatives agreed as working assumption in RAN1 #89, one more pattern (Comb4+ TD-OCC) is additionally included. 

Alternative 1 and newly added patterns are generally used for lower frequency region, while Alternative 2 and 3 are targeted to higher frequency system which is influenced by higher phase noise.

Their basic patters are comb2 and comb4, and the number of CS and TD-OCC/Repetition are the configuration parameters.

Table 2 shows the configuration paramters of 4 patterns. As Comb2 patterns utilize 2times more CS than Comb4 patterns. And, for higher frequency, repetition should be adopted due to phase noise impact.

From the former evaluation, it has been observed that, TD-OCC and FDM are most preferable multiplexing options, and too many CDM like CS 4 is not preferable with higher frequency selectivity. Based on the evaluation, every 4 REs in a PRB can provide enough performance with higher delay spread channel. Thus, IFDM4 with 6 dB power boosting can be a good optimization for frequency domain pattern. 

From the observation, if we compare comb2 and comb4, comb4 is preferable to comb2 with all time domain options (TD-OCC, repetition)
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Figure 6: Four alternatives for DM-RS Configuration 1 with two OFDM symbols
Table 2. possible alternatives for two-symbol DM-RS patterns for configuration 1
	
	Comb
	CS
	TD-OCC/Repetition
	Note

	Alternative 1
	2
	2
	TD-OCC
	

	New: Comb4, TD-OCC
	4
	0
	TD-OCC
	Immunity to long delay spread

	Alternative 2
	2
	4
	Repetition
	Performance loss with long delay channel

	Alternative 3
	4
	2
	Repetition
	


Proposal 6: For two symbol DM-RS patterns for DM-RS configuration 1 considering lower frequency and higher frequency cases,

· NR support Alt1 and Alt3 (Comb4 + CS2 + repetition) 

· Consider possible replacement of Alt1 by Comb4 + TD-OCC 

In addition, for further consideration of larger number of antenna port support, it is recommended to consider following three options.
Table 3. extended considerations for two-symbol DM-RS patterns for configuration 1
	
	Comb
	CS
	TD-OCC/Repetition
	Number of antenna ports

	Pattern 1
	4
	2
	TD-OCC
	Up to 16 ports

	Pattern 2
	4
	3
	Repetition
	Up to 12 ports

	Pattern 3
	2
	3
	TD-OCC
	Up to 12 ports


Proposal 7: For two symbol DM-RS patterns for DM-RS configuration 1, consider following enhanced patterns for more antenna ports support

· Comb4 + CS 2 + TD-OCC

· Comb2 + CS 3 + TD-OCC 

· Comb4 + CS3 + Repetition 

4.2 

DM-RS configuration 2

4.2.1 One symbol pattern alternatives

Figure 7 shows the possible alternatives for DM-RS configuration 2 with one OFDM symbol. The key consideration is the frequency domain distance between nearest FD-OCC RE pairs. 

Table 4. possible alternatives for two-symbol DM-RS patterns for configuration 1
	
	Distance between RE pairs
	Number of antenna ports
	Note

	Alternative 1
	4
	6
	Performance loss if long delay channel (e.g. TDL-C 1us)

	Alternative 2
	3
	4
	

	Alternative 3
	2
	2
	Only upto 2 ports
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Figure 7: Three alternatives for DM-RS Configuration 2 with one OFDM symbol.

Based on the simulation result in [4], the performance of alternative 1 is slightly lower than alternative 2 for normal use case, but it has meaningful loss with relatively long delay channel (e.g. 1us) and higher MCS (64QAM). Alternative 3 has too much restriction on the number of antenna ports to be supported. Then, Alt1 or Alt2 can be considered for the patterns for configuration 2.
Proposal 8: Alt 1 or Alt 2 should be adopted as one symbol DM-RS pattern for DM-RS configuration 2, and Alt 2 is preferable to Alt 1 with long delay channel and higher MCS.  
4.2.2 Two-symbol pattern alternatives

In RAN1 #89, we have already agreed to support two patterns for DM-RS configuration 2. However, due to the performance loss from low frequency domain density and/or TDM, the application scenarios of the patterns could be restricted. The performance should be evaluated with the consideration of many factors like channel profile, RF impairments and so on. In fact, there have been discussed on the drawbacks of TDMed DM-RS across two symbols.

First, for each antenna port, only one symbol can be used for DM-RS transmission, and the remaining symbol should be muted. Compared to other options, it loses the opportunity of full use for two OFDM symbols for DM-RS. Thus, in total, 3dB power reduction is occurred if two OFDM symbols are used. This is more critical to UL for its coverage reduction. 
Proposal 9: The performance of TDM pattern should be evaluated with the considerations of channel profile. 
5
Summary 
In this section, we summarize the key observations/proposals related to NR DM-RS details for CP-OFDM type waveform:
Proposal 1: NR should not support additional DMRS with reduced density.
Proposal 2: NR support up to N additional DM-RS, 

· N is 2 for one-symbol front-loaded DM-RS pattern

· N is 1 for two-symbol front-loaded DM-RS pattern

Proposal 3: No specific DM-RS configuration is required for UE configured with self-contained ACK/NACK.
Proposal 4: NR support TDM multiplexing with power boosting between DM-RS and data regardless of SU-MIMO and MU-MIMO.

· FFS: FDM for DM-RS in mini-slot

Observation 1: For rank 1, the performance of two Comb-type shows almost the same BLER and throughput performance.

Observation 2: For rank 4, Comb4 shows better performance than Comb2 due to the performance loss of Comb2 from CS in case of long delay channel.
Proposal 5: Alt2(Comb4 based pattern) should be adopted as one symbol DM-RS pattern for DM-RS configuration 1

Proposal 6: For two symbol DM-RS patterns for DM-RS configuration 1 considering lower frequency and higher frequency cases,

· NR support Alt1 and Alt3 (Comb4 + CS2 + repetition) 

· Consider possible replacement of Alt1 by Comb4 + TD-OCC 

Proposal 7: For two symbol DM-RS patterns for DM-RS configuration 1, consider following enhanced patterns for more antenna ports support

· Comb4 + CS 2 + TD-OCC

· Comb2 + CS 3 + TD-OCC 

· Comb4 + CS3 + Repetition 

Proposal 8: Alt 1 or Alt 2 should be adopted as one symbol DM-RS pattern for DM-RS configuration 2, and Alt 2 is preferable to Alt 1 with long delay channel and higher MCS.  

Proposal 9: The performance of TDM pattern should be evaluated with the considerations of channel profile.. 
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