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1 Introduction
In RAN1#88 meeting [1], the following was agreed for further study on DMRS configuration(s) for NR as:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:

· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.

· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM

· Possible frequency domain configurations considering:

· DMRS overhead 

· Channel estimation performance

· Possible time domain configurations assuming the following scenarios 

· Low, Medium, high, & very high mobility

· Carrier frequency

· Latency

In addition, the following working assumption on the maximum number of orthogonal DL DMRS ports has been made [1]:
· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO

· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations
In this contribution, we provide the performance of DMRS for NR by link-level simulation (LLS) in order to study DMRS configuration(s) and by system-level simulation (SLS) to validate working assumption for the maximum 12 orthogonal DL DMRS ports for MU-MIMO, respectively.
2 DMRS configuration
2.1 Evaluation set-up
In NR, at least front-loaded DMRS is supported as one configuration for variable/configurable DMRS pattern for data demodulation [2]. In addition to the front-loaded DMRS, additional DMRS should be introduced as another configuration for variable/configurable DMRS pattern for data demodulation since the front-loaded DMRS cannot support high Doppler operation and frequency offset correction. However, additional time domain configurations would yield an increased DMRS overhead. For instance, in order to support high Doppler with high mobility up to 500km/h and/or operation in high frequency bands, three or four time instances of DMRS transmission with a slot with 14 OFDM symbols would be required and this results in high DMRS overhead. Therefore, frequency domain configurations should be taken into account as another configuration for adjusting trade-off between channel estimation performance and DMRS overhead.
In order to study the number of DMRS configuration(s) which should be supported in NR, possible time and frequency domain configurations for DMRS need to be evaluated in various channel conditions. In [87-28] email discussion, DMRS patterns/positions which result in different time and frequency domain configurations were proposed [3]. Among them, the following three DMRS positions with different time instance(s) of DMRS transmission with a slot of 14 OFDM symbols and four DMRS patterns have been selected for evaluation as depicted in Figure 1:

	Positions

Patterns
	One time instance of DMRS transmission
	Two time instances of DMRS transmission
	Four time instances of DMRS transmission

	(a) Pattern1 (P1)
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	(b) Pattern2 (P2)
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	(c) Pattern3 (P3)
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	(d) Pattern4 (P4)
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Figure 1 Different time and frequency domain configurations for DMRS
In Pattern1, 8 REs are used for DMRS within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(a), DMRS ports 0 and 1 are mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2. For orthogonal ports extension, additional multiplexing methods can be applied. For example, further FDM extensions within an OFDM symbol can be used for 4 DMRS port multiplexing by allocating 4 REs per each antenna port. Plus, TDM across 2 adjacent OFDM symbols can be used for additional port multiplexing. Compared to other patterns in Figure 1, Pattern1 has higher RS density so that ensures robust DMRS performance especially in low SNR region. Also, Pattern1 might be more susceptible to high delay spread scenarios and large subcarrier spacing due to dense RS pattern over frequency domain.
For Pattern2, 6 REs are used for DMRS within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(b), ports 0 and 1 are mapped to the blue REs with OCC=2 and ports 2 and 3 are mapped into the yellow REs with OCC=2. In terms of RS density, Pattern2 has same RS overhead as LTE DMRS when two time instances of DMRS transmission are considered. In this case, for Pattern2, similar channel estimation performance is expected compared with LTE DMRS.  

Pattern3 is comb type DMRS structure where 3 REs are used for one DMRS port within an OFDM symbol and FDM used to multiplexing additional DMRS ports. Specifically, as shown in Figure 1(c), four orthogonal DMRS ports are multiplexed within one OFDM symbol where different colors indicate different port. Compared to Pattern1 and 2, Pattern 3 has lower RS density and might not guarantee DMRS performance in low SNR region.  

Lastly, Pattern4 has 4 DMRS REs within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(d), Pattern2 is a nested structure of Pattern1 and similar multiplexing method of Pattern1 can be applied. Similar with Pattern1, DMRS ports 0 and 1 are mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2 as shown in Figure 1(d). Therefore, with Pattern1, Pattern2 can be used for another frequency domain configuration for adjusting trade-off between channel estimation performance and DMRS overhead.
2.2 Evaluation results

In this section, we provide LLS performance for different time and frequency domain configurations of DL DMRS on 4GHz frequency band and subcarrier spacing of 15kHz. DMRS patterns/positions which are discussed in the previous section are evaluated in below Figures and relative performance gains are calculated. A waveform with CP-OFDM is considered in the evaluation. An MMSE based real channel estimation scheme is used and LTE CSI feedback scheme is assumed for CQI and PMI feedback. Also, here we focus on SU-MIMO with rank-1 transmission. Evaluation assumptions are based on [87-29] email discussion [4] and detailed simulation parameters are given in Appendix A.
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Figure 2 Throughput performance of one time instance of DMRS transmission with a slot (UE speed=3km/h)
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Figure 3 Throughput performance of one time instance of DMRS transmission with a slot (UE speed=30km/h)
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Figure 4 Throughput performance of two time instances of DMRS transmission with a slot (UE speed=30km/h)
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Figure 5 Throughput performance of two time instances of DMRS transmission with a slot (UE speed=120km/h)
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Figure 6 Throughput performance of four time instances of DMRS transmission with a slot (UE speed=120km/h)

	
[image: image27]
	
[image: image28]


Figure 7 Throughput performance of four time instances of DMRS transmission with a slot (UE speed=300km/h)
First of all, from above evaluation results, we can observe the number of time domain DMRS configurations required in NR. When we compare Figure 3 and 4 where one and two time instance(s) of DMRS transmission with a slot are considered respectively with UE speed of 30 km/h, Figure 4 shows high throughput performance over Figure 3 in all DMRS patterns. For low latency support in NR, DMRS needs to be located at the beginning of the transmission slot as shown in Figure 1. However, front-loaded RS can operate only in very low Doppler scenarios since one time instance of DMRS transmission cannot compensate the channel variation during the remaining of the transmission slot. In addition, when we compare Figure 5 and 6 where two and four time instances of DMRS transmission are considered respectively with UE speed of 120 km/h, Figure 6 shows high throughput performance over Figure 5 in all DMRS patterns. Considering high mobility KPI of 500 km/h and high carrier frequency operation in NR, at least four time instances of DMRS transmission should be supported. Based on the observation above, we made a proposal as follows:
Proposal1: Support three different time domain DMRS configurations in order to support low, medium-to-high, and very high Doppler, respectively. One, two, and four time instances of DMRS transmission within a slot are preferred for time domain DMRS configurations.
Moreover, from above evaluation results, we can observe the number of frequency domain DMRS configurations required in NR. As shown in Figure 2-5 where one or two time instance(s) of DMRS transmission is considered with UE speed of 3/30/120 km/h, Pattern1 provides high throughput performance over other patterns in low and medium SNR regions. Specifically, Pattern1 yields up to 10%, 35%, and 25% throughput gain over Pattern 2, 3, and 4, respectively. The large performance gap here is due to channel estimation performance from different RS density and pattern. The poor channel estimation accuracy results in low throughput performance. Pattern 3 and 4 show increased throughputs only in very high SNRs. This is due to trade-off between channel estimation performance and DMRS overhead. On the other hand, in Figure 6-7 where four time instances of DMRS transmission are considered with UE speed of 120 and 300 km/h, Pattern 3 and 4 gives performance gain both in low and high SNR regions because the reduced DMRS overhead provides lower coding rate and this results in robust transmission for low SNRs and high MCS selection for high SNRs. Furthermore, it could be seen from Figure 2-7 that Pattern 1 and Pattern 4 yield high throughput performance in most of evaluation scenarios by providing good trade-off between channel estimation performance and DMRS overhead. Therefore, Pattern 1 and Pattern 4 can be considered for different frequency domain configurations. In this aspect, we propose:
Proposal2: Support two different frequency domain DMRS configurations for adjusting trade-off between channel estimation performance and DMRS overhead. DMRS Pattern 1 and Pattern 4 are preferred for frequency domain DMRS configurations.
3 Orthogonal DMRS ports for MU-MIMO
Currently, agreement on the number of DMRS ports is that at least 8 orthogonal DL DMRS ports are supported for both SU-MIMO and MU-MIMO scheduling [5]. In RAN1#88 meeting [1], working assumption on supporting the maximal 12 orthogonal DL DMRS ports for MU-MIMO was made. In this contribution, the system level evaluation results for orthogonal DMRS ports are provided in Figure 8.
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Figure 8 Relative throughput gains for different number of orthogonal DMRS ports for MU-MIMO
In this evaluation, maximum 8, 12 and 16 orthogonal DMRS ports are considered, respectively. We have assumed full-buffer traffic with 20 UEs per cell to find maximum performance benefits. Additionally, 3D-UMi with 4GHz frequency band and 15kHz subcarrier spacing are assumed. Detailed simulation parameters are given in Appendix B.
As shown in Figure 8, performance gain for maximum 12 and 16 DMRS ports is marginal even in full-buffer traffic. Moreover, 12 and 16 DMRS ports provide 3 and 4% cell edge loss, respectively. Such loss is observed since 12 and 16 DMRS ports provide large DMRS channel estimation error due to low DMRS SINR, large CQI mismatch due to CSI mismatch and delay, and overhead for supporing relatively large number of orthogonal DMRS ports. Based on the observation above, we made a proposal as follows:
Proposal3: Current working assumption on maximum 12 DMRS ports needs to be reconsidered.
4 Conclusions
This contribution provides evaluation results for DL DMRS and proposes the followings based on observations:
Proposal1: Support three different time domain DMRS configurations in order to support low, medium-to-high, and very high Doppler, respectively. One, two, and four time instances of DMRS transmission within a slot are preferred for time domain DMRS configurations.
Proposal2: Support two different frequency domain DMRS configurations for adjusting trade-off between channel estimation performance and DMRS overhead. DMRS Pattern 1 and Pattern 4 are preferred for frequency domain DMRS configurations.

Proposal3: Current working assumption on maximum 12 DMRS ports needs to be reconsidered.
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Appendix A: LLS evaluation assumptions
Table 2 LLS evaluation assumptions

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 8, UE = 2

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Codebook based precoding (Codebook-Config is set to ‘1’)

	CSI feedback / Beam management scheme
	· LTE CSI feedback (CQI/PMI feedback with 5 msec periodicity of CSI-RS and 2 msec feedback delay)
· For Beam management, select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	· 10 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	LTE CQI based link adaptation

	Channel coding scheme
	LTE turbo coding 

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Channel estimation
	Real estimation

	Performance metric
	Throughput

	UE speed
	3/30/120/300 km/h

	Channel model
	CDL-A with DS value=30ns

	TRP antenna configuration
	The number of antenna: Tx=8 and (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element radiation pattern is in TR36.873

	UE antenna configuration
	The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element


Appendix B: SLS evaluation assumptions
Table 2 SLS evaluation assumptions

	Assumptions
	Value

	Antenna configuration 
	Horizontal: X-pol (+/-45),  0.5λ space 
Vertical: 0.8λ space
(M,N,P,Q)=(8,16,2,32) for 16H2V

	Scenario 
	3D-UMi 

	System bandwidth 
	10MHz (50RBs) 

	Carrier frequency 
	4GHz 

	UE distribution 
	Follows 36.873 3D-UMi, 20 UEs per cell

	UE speed 
	3km/h 

	Model of cross polarization 
	36.814 

	Traffic model 
	Full-buffer model 

	Rank adaptive 
	MU, rank adaptive 

	Scheduling algorithm 
	PF 

	Receiver 
	4 Rx antenna with X-pol(0/90)
Realistic DMRS channel estimation
MMSE-IRC receiver

	HARQ 
	Max 4 transmissions 

	CSI feedback 
	PUSCH 3-2
RI, CQI, PMI reporting triggered per 5ms

	Wrapping method 
	Geographical distance based
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