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1 Introduction
In [1-2] the fully symmetric DL/UL DM-RS design for NR was proposed. The corresponding evaluation results of the proposed DM-RS patterns were provided in [3]. In this contribution we provide additional link-level evaluation results for DM-RS patterns focusing on the front loaded DM-RS patterns with partial subframe channel estimation. In particular we compare the performance of DM-RS patterns with span of 1-2 OFDM symbols with DM-RS pattern with span of 3-4 OFDM symbols under the channel estimation algorithm with the same latency.
2 Discussion
DM-RS design and performance observations
In [1-2], DM-RS design for NR was proposed. The key principle of DM-RS pattern construction is to minimize the number of DM-RS REs per OFDM symbol. In particular, it is proposed to limit the maximum density of 2 DM-RS REs per OFDM symbol. The proposed design principle offers several benefits including

· More scattered DM-RS patterns in time and frequency that provides robust channel estimation in different channel models with relative low DM-RS overhead

· Efficient DM-RS power boosting by power sharing with PDSCH/PUSCH

· Efficient PDSCH/PUSCH and DM-RS multiplexing for DFT-s-OFDM with low PAPR

To minimize the extrapolation errors it is also proposed to place DM-RS REs close to the PRB in both time and frequency domain as shown in Figure 1.
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Figure 1: DL/UL DM-RS patterns for NR

The evaluation results and comparison against LTE and comb-band DM-RS pattern structures under the same DM-RS overhead assumptions were provided in [3]. Based on the performance results, the following observations has been made, which are repeated in this contribution for convenience:
	· The SNR performance degradation due to practical channel estimation is typically more significant for low MCS and high MCS comparing to the medium MCS

· The SNR loss is increasing for the channels with higher delay spread and higher UE mobility, which is explained by reduction in the channel estimation processing gains (for low MCS) and interpolation/extrapolation errors (for high MCS)

· Low/High MCS can be considered for DM-RS pattern optimization

· The proposed DM-RS structure for NR offers similar or better performance comparing to LTE DM-RS structure

· The performance gains of NR DM-RS over LTE DM-RS becomes higher for the channels with medium to high mobility due to more optimal DM-RS placement within subframe
· In case of same propagation environment, the SNR performance degradation of practical channel estimation algorithm relative to genie-aided channel estimation algorithm becomes higher for 4 Rx antenna UE comparing to 2Rx antennas UE

· The DM-RS performance with partial subframe (PS) channel estimation is worse comparing to full subframe (FS) channel estimation.

· The DM-RS performance with partial subframe channel estimation may provide the performance worse comparing to LTE with full subframe channel estimation

· The performance loss of partial subframe channel estimation is higher for low MCS due to lack of the processing gains and high MCS due to extrapolation errors

· Use of DM-RS patterns with PS channel estimation is recommended only for specific scenarios with good SNR and low UE mobility

· The DM-RS power boosting (by power sharing between DM-RS and PDSCH) offers noticeable performance benefits for low MCSs (i.e. cell-edge UEs)

· The DM-RS power boosting gains becomes higher for channels with larger delay spread and higher UE mobility

· The proposed DM-RS pattern in Figure 1 provides better performance than comb DM-RS pattern in Figure 9

· The performance difference becomes higher for the channels with higher UE mobility due to lack of scattered DM-RS structure in the comb DM-RS pattern

It is expected the performance loss of comb DM-RS would become larger when advanced DM-RS features of the proposed DM-RS pattern in Figure 1 are used


Study of working assumption for front loaded DM-RS structure with partial slot channel estimation

As optional feature, NR can support fast ACK-NACK feedback form the UE. Support of such feature requires special consideration in the DM-RS pattern design as well as UE processing for channel and interference estimation. In particular, RAN1 ad-hoc meeting, it was agreed as working assumption to transmit all DM-RS antenna ports in 1 or 2 OFDM symbols. It was also assumed that the channel estimation should be performed in the pipelined manner based on the actually available DM-RS REs. In other words, the channel estimation for a given OFDM symbol should be performed only based on the already received DM-RS REs.
[image: image4.emf] [image: image5.emf] [image: image6.emf] [image: image7.emf] [image: image8.emf] [image: image9.emf]
Figure 3: Illustration of partial slot channel estimation processing for DM-RS pattern with span of 3 OFDM symbols
It should be noted that DM-RS pattern span with more than 2 adjacent OFDM symbols (e.g. 3 and 4 OFDM) still allows usage of the low latency channel estimation algorithms with partial slot channel estimation. Figure 3 illustrates the example of such processing, where the ‘active’ DM-RS REs (shown in red) are used to estimate the channel for the specific portion of downlink slot. The active DM-RS REs are defined as DM-RS REs which are received on the same or previous OFDM symbols relative to PDSCH REs on which channel estimation is performed. Similar to note made in [1] we would like to stress that low latency channel estimation irrespective of DM-RS pattern is highly sub-optimal especially for the 4GHz scenarios with medium to high mobility. Therefore, it is recommended to use such DM-RS patterns and corresponding low latency UE channel estimation only for the specific scenarios with low mobility and high SNR. 
To demonstrate that DM-RS pattern with span of 3 OFDM symbols provides similar or better performance as DM-RS pattern with span of 1 and 2 OFDM symbol, a link-level evaluations were carried for DM-RS pattern shown in Figure 3. The performance comparison is made against DM-RS patterns with span of 1 and 2 OFDM symbols (working assumption), which are illustrated in Figure 4.  
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Figure 4: DM-RS pattern with span of 1 and 2 OFDM symbols
For evaluation 7 MCS were used that should capture channel estimation performance in the wide range of SNRs. The corresponding TBS for the selected MCS values are also provided in Table 1 for reference.

Table 1: MCS selected for evaluations

	MCS
	0
	1
	2
	3
	4
	5
	6

	Modulation
	2
	2
	2
	4
	4
	6
	6

	~Code rate
	1/5
	1/3
	1/2
	1/2
	3/4
	2/3
	5/6

	TBS (8PRBs)
	336
	712
	1000
	2152
	3112
	4008
	5160


For the performance metric the SNR difference in dB between practical channel estimation algorithm with given DM-RS pattern and genie-aided channel estimation algorithm at BLER of 10% is provided. If the BLER of 10% can’t be achieved N/A value is reported. 

Link-level performance comparison results for DM-RS patterns with span of 1 and 3 OFDM symbols are presented in Figures 5-7 and DM-RS patterns with span of 2 and 3 OFDM symbols in Figures 8-10. UE speed of 3, 60 and 120kmph was used in the evaluation. It can be seen that for medium and high UE mobility the DM-RS patterns with span of 3 OFDM symbol outperforms DM-RS patterns with 1 and 2 OFDM symbols under the same DM-RS overhead assumption. The performance difference becomes larger for high UE speed. The performance loss is only observed for the channels with very large delay spreads channels of 1000 ns which according to results. Moreover the non-random precoding and larger number of antenna ports is likely to reduce the frequency selectivity of the channel. 
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TDL-A 10ns 3 symbols 2.0 1.3 1.0 0.7 0.7 0.6 0.8

1 symbols 2.0 1.3 1.0 0.8 0.7 0.6 0.8

TDL-A 30ns 3 symbols 2.0 1.3 1.1 0.5 0.7 0.7 0.7

1 symbols 2.0 1.3 1.1 0.5 0.7 0.6 0.7

TDL-B 100ns 3 symbols 2.0 1.5 1.1 0.7 0.8 0.7 1.3

1 symbols 2.0 1.5 1.1 0.7 0.8 0.7 1.2

TDL-C 300ns 3 symbols 2.3 1.3 1.5 1.2 1.0 1.5 2.0

1 symbols 2.4 1.4 1.5 1.2 1.0 1.5 2.0

TDL-C 1000ns3 symbols 2.6 2.0 1.9 1.9 2.9 6.3NaN

1 symbols 2.6 2.0 1.9 1.9 2.9 6.4NaN
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Figure 5: Comparison of DM-RS patterns with span of 3 OFDM and 1 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 3kmph
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1 symbols 2.4 2.0 2.0 1.5 2.4 3.3N/A

TDL-B 100ns 3 symbols 2.4 1.9 1.7 1.7 2.0 2.6 6.6

1 symbols 2.3 2.0 1.9 1.8 2.2 3.1N/A

TDL-C 300ns 3 symbols 2.5 2.1 1.8 2.0 2.5 3.8N/A

1 symbols 2.5 2.2 2.0 2.1 2.6 4.1N/A

TDL-C 1000ns3 symbols 3.1 2.5 2.5 2.8N/A N/A N/A

1 symbols 3.1 2.5 2.6 2.7 4.8N/A N/A
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Figure 6: Comparison of DM-RS patterns with span of 3 OFDM and 1 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 60kmph
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TDL-A 30ns 3 symbols 2.8 2.4 2.3 2.5 3.7 4.6N/A

1 symbols 3.1 2.8 2.6 3.6N/A N/A N/A

TDL-B 100ns 3 symbols 2.9 2.4 2.4 2.6 3.8 5.1N/A

1 symbols 3.2 2.8 2.7 3.6N/A N/A N/A

TDL-C 300ns 3 symbols 3.0 2.6 2.3 3.1 4.8 7.1N/A

1 symbols 3.2 2.9 2.6 3.3N/A N/A N/A

TDL-C 1000ns3 symbols 3.6 3.1 3.1 4.8N/A N/A N/A

1 symbols 3.8 3.3 3.4 4.9N/A N/A N/A
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Figure 7: Comparison of DM-RS patterns with span of 3 OFDM and 1 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 120kmph
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TDL-A 10ns 3 symbols 2.0 1.3 1.0 0.7 0.7 0.6 0.8

2 symbols 1.9 1.2 0.9 0.7 0.7 0.6 0.7

TDL-A 30ns 3 symbols 2.0 1.3 1.1 0.5 0.7 0.7 0.7

2 symbols 1.9 1.2 1.0 0.5 0.7 0.6 0.7

TDL-B 100ns 3 symbols 2.0 1.5 1.1 0.7 0.8 0.7 1.3

2 symbols 1.9 1.3 1.0 0.7 0.7 0.7 1.1

TDL-C 300ns 3 symbols 2.3 1.3 1.5 1.2 1.0 1.5 2.0

2 symbols 2.3 1.3 1.4 1.1 0.9 1.2 1.7

TDL-C 1000ns3 symbols 2.6 2.0 1.9 1.9 2.9 6.3N/A
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Figure 8: Comparison of DM-RS patterns with span of 3 OFDM and 2 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 3kmph
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2 symbols 2.4 1.8 1.8 1.7 2.7 4.2N/A

TDL-A 30ns 3 symbols 2.4 1.9 1.7 1.4 2.1 2.6 4.7

2 symbols 2.4 1.9 1.8 1.6 2.9 4.4N/A

TDL-B 100ns 3 symbols 2.4 1.9 1.7 1.7 2.0 2.6 6.6

2 symbols 2.3 1.9 1.7 1.9 2.8 4.3N/A

TDL-C 300ns 3 symbols 2.5 2.1 1.8 2.0 2.5 3.8N/A

2 symbols 2.4 2.1 1.9 2.1 3.0 4.6N/A

TDL-C 1000ns3 symbols 3.1 2.5 2.5 2.8N/A N/A N/A
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Figure 9: Comparison of DM-RS patterns with span of 3 OFDM and 2 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 60kmph
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TDL-A 30ns 3 symbols 2.8 2.4 2.3 2.5 3.7 4.6N/A
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TDL-B 100ns 3 symbols 2.9 2.4 2.4 2.6 3.8 5.1N/A

2 symbols 3.0 2.6 2.7 4.0 7.5 15.1N/A

TDL-C 300ns 3 symbols 3.0 2.6 2.3 3.1 4.8 7.1N/A
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Figure 10: Comparison of DM-RS patterns with span of 3 OFDM and 2 OFDM symbols for the low latency channel estimation algorithm for UE mobility of 120kmph
Based on the performance results shown in Figure 5-10 the following observations can be made:

Observations:

· The DM-RS pattern with 1-2 OFDM symbols span in most of the cases provides performance degradation in comparison with DM-RS pattern with 3 OFDM symbol span under channel estimation algorithm with the same latency. The performance difference becomes larger for higher UE mobility. 

· There are no obvious benefits of restricting the front loaded DM-RS pattern structure to 1-2 OFDM symbols
Proposal:

· Revise the working assumption and include DM-RS patterns with OFDM symbol span of 3 or 4 OFDM symbols under consideration
3 Summary

In this contribution we provide additional evaluation results for the DM-RS design for NR focusing on the front-loaded DM-RS patterns with partial subframe channel estimation. In particular we compare the performance of DM-RS patterns with span of 1-2 OFDM symbols with DM-RS pattern with span of 3 OFDM symbols under the channel estimation algorithm with the same processing latency. The following observations were made:

· The DM-RS pattern with 1-2 OFDM symbols span in most of the cases provides performance degradation in comparison with DM-RS pattern with 3 OFDM symbol span under channel estimation algorithm with the same latency. The performance difference becomes larger for higher UE mobility. 

· There are no obvious benefits of restricting front loaded DM-RS pattern structure to 1-2 OFDM symbols 

Based on the observations the following proposal is made:
· Revise the working assumption and include DM-RS patterns with OFDM symbol span of 3-4 OFDM symbols under consideration
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