[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG1 #87	R1-1612342
Reno, USA, November 14 – 18, 2016

Source: 	Ericsson
[bookmark: Title]Title:	DMRS placement configurations
Agenda Item:	7.1.3.2
Document for:	Discussion, Decision
Introduction 
This paper discusses the DMRS placement configuration for the 7-symbol transmission slot in NR. In our previous papers [1] and [2], DMRS design principles are proposed. The support of early decoding and the allocation of reference symbols, including density and placement, have been proposed for detailed investigation. In [3], the density configurations in the time domain have been studied; in that paper we propose that two symbols DMRS should be used for high UE speed scenarios, and one symbol DMRS should be adopted in low mobility scenarios due to the lower overhead. Therefore, the single pattern which only one DMRS instance occupies the 2nd symbol, and the double DMRS pattern which occupies the 2nd and 5th symbol of the transmission slot should be included as the baseline patterns for configurable DMRS patterns. In this paper, the placement of DMRS instances is studied, in particular, for DMRS patterns with the same overhead, we wish to find the allocation of reference symbols such that it is robust to delay spread of the propagation channel, UE speed, and introduces low cost for configuration. Link level simulation results are presented in the paper to investigate the DMRS placement in a transmission slot for different numerology and speed scenarios.   
DMRS placement configurations in NR
DMRS pattern candidates for placement evaluation
For the same referernce signal overhead, we consider the following three patterns in the simulation: 
  Early DMRS Pattern
Middle DMRS Pattern
Spread Pattern in 2 symbols

Figure 1. DMRS patterns considered in the paper
Figure 1 above, two 12 sub-carrier by 7-symbol resource blocks in one slot are shown with three considered DMRS patterns, all of them of equal overhead. The blue square represents the resource elements where reference signals are located for one layer of transmission. Here in this example, we choose a comb structure with factor 2 in order to support two layers of DMRS. Early DMRS is placed at the 2nd symbol of the slot, which reserves the 1st symbol for control information. Middle pattern is placed at the 5th symbol of the slot with the same comb factor. The spread pattern is allocated at the 2nd and 5th symbol with half frequency density.    
The motivations that we consider the above three patterns are listed as follows:
1. Early pattern offers the opportunity for early decoding. Compared with the spread pattern with the same overhead, it also offers better performance for frequency selective channels due to the denser sampling in the frequency domain.  
2. Middle pattern provides slightly better chance to combat channel variation in the time domain across the transmission slot, compared with the early pattern. However, it fundamentally does not allow the channel estimation to commence until reception of symbol 5. We note that there exists another location, i.e., the 4th symbol of the slot, for placing the middle DMRS pattern. The channel estimation performance of placing the DMRS at the 4th or 5th symbol will be similar, because the reference symbols have the same relative position in the slot. In the current implementation, we adopt the 5th symbol for the purpose of consistence with the dense pattern (in which the second instance is placed at the 5th symbol) to reduce the configuration cost. 
3. The spread pattern with the same overhead offers better resilience to Doppler. However, due to its sparse sampling in the frequency domain, it is no suitable for highly frequency-selective channels. 

Therefore, for various use cases there might exist one or multiple patterns to offer better system throughput. The purpose of this paper is to identify the suitable DMRS placement for typical scenarios.       
Evaluation results
This section provides link level simulation results in order to cover the scenarios discussed in the previous section. With link adapation in simulations, throughput will be the major performance measure to reflect our observations and proposals. Simulation assumptions are provided in the Appendix. 

DMRS placement for numerology 15KHz with carrier frequency 2GHz  
With sub-carrier spacing 15kHz and carrier frequency 2GHz, delay spreads 100ns and 1000ns and multiple UE speeds 30km/h, 60km/h and 120km/h, are considered in the following simulation. Interpolation across DMRS instances within a transmission slot is enabled when the spread DMRS pattern is used.
TDL-A channel propagation model is used in simulations throughout the paper. 
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Figure 2. Throughput performance based on considered DMRS patterns for UE speed 30km/h, 60km/h and 120km/h. Delay spread = 100ns. 15kHz numerology. Number of layers = 2. Ack/Nack based link adaptation.  
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Figure 3. Throughput performance based on considered DMRS patterns for UE speed 30km/h, 60km/h and 120km/h. Delay spread = 1000ns. 15kHz numerology. Number of layers = 2. Ack/Nack based link adaptation.  

Figure 2 and 3 above show the throughput based on three DMRS patterns simulated using various speeds when the delay spreads of the channel are 100ns and 1000ns, respectively. For the considered scenarios, spreading the same amount of reference symbols in the time domain, namely, the spread pattern, provides better throughput. The throughput gain becomes more apparent when UE speed increases, in which case the dense sampling in the time domain can provide better estimates for time varying channels. Time varying nature of the channel is the dominant factor.    
Based on the above simulations, we have the following observation. 
Observation 1: With numerology 15kHz and carrier frequency 2GHz, the spread DMRS pattern which spreads the reference symbols at the 2nd and 5th symbols offers the best throughput, compared to early and middle pattern which only occupy either the 2nd or 5th symbol with the same overhead, for UE speed 30 to 120km/h, with both 100ns and 1000ns delay spread. 
Observation 2: The throughput gained by spreading reference symbols in the time domain increases when UE speed increases from 30km/h to 120km/h. 
DMRS placement for numerology 60KHz with carrier frequency 6GHz  
With sub-carrier spacing 60kHz and carrier frequency 6GHz, delay spreads 100ns and 1000ns, and UE speed of 30km/h, 60km/h and 120km/h, respectively are considered in the following simulation. Interpolation across DMRS instances within a transmission slot is enabled when the spread DMRS pattern is used.
                                         
[image: ]
Figure 4. Throughput performance based on considered DMRS patterns for UE speed 30km/h, 60km/h and 120km/h. Delay spread = 100ns. 60 kHz numerology. Number of layers = 2. Ack/Nack based link adaptation. 
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Figure 5. Throughput performance based on considered DMRS patterns for UE speed 30km/h, 60km/h and 120km/h. Delay spread = 1000ns. 60 kHz numerology Number of layers = 2. Ack/Nack based link adaptation. 
By changing the sub-carrier spacing to be 60kHz, the bandwith has accordingly enlarged to four times as that of numerology 15kHz due to the constant number of subcarriers. When the delay spread of the channel is 100ns, the channel is still relatively flat in the frequency domain. Therefore, the conclusion is analogous to the previous section, that reducing the frequency domain density and spreading the reference symbols over the transmission slot is the better solution. When the delay spread of the channel increases to be 1000ns, in which case the channel becomes highly frequency-selective and the sparse sampling in the frequency domain will introduce alias to estimation. Henceforth, the considered spread pattern has significant performance loss compared to the other two. Moreover, with the current numerology 60kHz, delay spread 1000ns will introduce serious inter symbol and inter carrier interference due to the effect that considerable number of taps lie outside the scope of the cyclic prefix (1.3us with normal CP). Therefore, with early and middle pattern the throughput will saturate at high SNR regime, as shown in figure 7. We need to note that delay spread 1000ns might be a corner case for numerology 60kHz, due to the limitation of CP length as explained.   
Based on the simulation results, we have the following observation. 
Observation 3: With numerology 60kHz and carrier frequency 6GHz, the spread DMRS pattern in the time domain offers the best throughput compared with the early and middle pattern, for UE speed 60 to 120km/h, with delay spread 100ns. For UE speed 30km/h, the spread DMRS also provides the best throughput at high SNR regime.      
Observation 4: With numerology 60KHz and carrier frequency 6GHz, when delay spread = 1000ns, early and middle DMRS pattern offer on par throughput for UE speed 30 to 120km/h, while the spread pattern has significant throughput loss regardless the UE speed. Early pattern with denser frequency sampling should be used in this scenario. 
Based on the observation 1-4, we propose the following:
Proposal 1: NR should consider both an early single-symbol DMRS pattern and a two symbol pattern with one DMRS symbol placed early and one placed in the middle of the slot. Middle single-symbol DMRS pattern should not be included as the configuration baseline. 
Proposal 2: Frequency density of the patterns should be selected according to the delay spread of the targeted channel and the required processing gain.
Conclusions
In section 3, the following observations have been made based on simulation results:
Observation 1: With numerology 15kHz and carrier frequency 2GHz, the spread DMRS pattern which spreads the reference symbols at the 2nd and 5th symbols offers the best throughput, compared to early and middle pattern which only occupy either the 2nd or 5th symbol with the same overhead, for UE speed 30 to 120km/h, with both 100ns and 1000ns delay spread. 
Observation 2: The throughput gained by spreading reference symbols in the time domain increases when UE speed increases from 30km/h to 120km/h. 
Observation 3: With numerology 60kHz and carrier frequency 6GHz, the spread DMRS pattern in the time domain offers the best throughput compared with the early and middle pattern, for UE speed 60 to 120km/h, with delay spread 100ns. For UE speed 30km/h, the spread DMRS also provides the best throughput at high SNR regime.     
Observation 4: With numerology 60KHz and carrier frequency 6GHz, when delay spread = 1000ns, early and middle DMRS pattern offer on par throughput for UE speed 30 to 120km/h, while the spread pattern has significant throughput loss regardless the UE speed. Early pattern with denser frequency sampling should be used in this scenario.
Based on the above observations, we proposed the following: 
Proposal 1: NR should consider both an early single-symbol DMRS pattern and a two symbol pattern with one DMRS symbol placed early and one placed in the middle of the slot. Middle single-symbol DMRS pattern should not be included as the configuration baseline. 
Proposal 2: Frequency density of the patterns should be selected according to the delay spread of the targeted channel and the required processing gain.
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Appendix
Simulation assumptions
	Parameter
	Value

	Channel Model
	TDL-A

	Numerology
	15KHz, 60KHz

	Carrier frequency
	2GHz, 6GHz

	Transmission Slot Length
	7 symbols

	UE speed 
	3, 30, 60, 120, 350km/h

	Delay spread
	100ns, 1000ns

	Allocated bandwidth
	40 PRBs

	Link Adaptation
	Enabled

	Antenna configuration
	2Tx, 2Rx

	Channel estimator
	Practical LMMSE
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2 comb, early DMRS ,speed = 30km/h,

2 comb, early DMRS ,speed = 60km/h,

2 comb, early DMRS ,speed = 120km/h,

2 comb, middle DMRS ,speed = 30km/h,

2 comb, middle DMRS ,speed = 60km/h,

2 comb, middle DMRS ,speed = 120km/h,

4 comb, spreaded DMRS ,speed = 30km/h,

4 comb, spreaded DMRS ,speed = 60km/h,

4 comb, spreaded DMRS ,speed = 120km/h,
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2 comb, early DMRS ,speed = 30km/h,

2 comb, early DMRS ,speed = 60km/h,

2 comb, early DMRS ,speed = 120km/h,

2 comb, middle DMRS ,speed = 30km/h,

2 comb, middle DMRS ,speed = 60km/h,

2 comb, middle DMRS ,speed = 120km/h,

4 comb, spreaded DMRS ,speed = 30km/h,

4 comb, spreaded DMRS ,speed = 60km/h,

4 comb, spreaded DMRS ,speed = 120km/h,
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TDLA; tx ports: 2; rx ports: 2; Used Ack/Nack based LA

2 comb, early DMRS ,speed = 60km/h,

2 comb, early DMRS ,speed = 120km/h,

2 comb, middle DMRS ,speed = 60km/h,

2 comb, middle DMRS ,speed = 120km/h,

4 comb, spread DMRS ,speed = 60km/h,

4 comb, spread DMRS ,speed = 120km/h,

2 comb, early DMRS ,speed = 30km/h,

4 comb, spread DMRS ,speed = 30km/h,

2 comb, middle DMRS ,speed = 30km/h,
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TDLA; tx ports: 2; rx ports: 2; Used Ack/Nack based LA

2 comb, early DMRS ,speed = 30km/h,

2 comb, early DMRS ,speed = 60km/h,

2 comb, early DMRS ,speed = 120km/h,

2 comb, middle DMRS ,speed = 30km/h,

2 comb, middle DMRS ,speed = 60km/h,

2 comb, middle DMRS ,speed = 120km/h,

4 comb, spread DMRS ,speed = 30km/h,

4 comb, spread DMRS ,speed = 60km/h,

4 comb, spread DMRS ,speed = 120km/h,


