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1 Introduction
The working assumption on UE-specific configuration of base sequence and/or CS hopping for PUSCH DMRS was agreed in RAN1#67 [1]. However, in heterogeneous network deployment (HetNet) scenarios such as CoMP scenarios 3 and 4, orthogonality among PUSCH DMRS in the current specification would not be sufficient and hence, further enhancement is necessary to achieve higher spectral efficiency. So far, we proposed frequency-dependent DMRS (FD-DMRS) as a promising solution to keep orthogonality among PUSCH DMRSs [2]. Link-level simulation was conducted to confirm the performance advantage of FD-DMRS over the currently adopted Rel.10 DMRS. However, actual throughput in HetNet CoMP environment has not been evaluated yet. This contribution compares throughput performances of Rel.10 DMRS and FD-DMRS under HetNet CoMP environment by system-level simulation.
2 Comparison of current Rel.10 DMRS and FD-DMRS 

2.1 Current Rel.10 DMRS
The current Rel.10 DMRS is capable of multiplexing DMRSs of different UEs using cyclic shift (CS) and/or orthogonal cover code (OCC) if the same base sequence is used. OCC achieves multiplexing order up to 2 by multiplying [+1, +1] or [+1, 1] on two DMRSs in a subframe. Therefore, OCC orthogonality is achieved with any combination of frequency-positions between PUSCHs. On the other hand, CS provides multiplexing order up to 12. However, CS is sensitive to frequency-position among PUSCHs. The Rel.10 DMRS of length NZC having CS index of n at the mth subcarrier is given by
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where NSC is the number of subcarriers, q is the root ZC index, and t is the CS window size. wOCC = +1 or 1. It should be noted that m=0 corresponds to PUSCH starting position, i.e., the subcarrier represented by m=0 changes according to PUSCH scheduling. Because of this definition, CS-domain orthogonality is not kept in some cases such that the frequency-positions of any two of multiplexed DMRSs are different. Figure 1 illustrates an example, where 3 UEs (UE0~UE2) transmit PUSCHs. Here we assume that the same base sequence is used for DMRSs but different CSs are assigned. OCC is not activated for simplicity. In order to extract channel impulse response of UE0, the complex conjugate of DMRS of UE0 is multiplied to the received signal and then IFFT is applied. Fig.1 (a) illustrates the output of IFFT, in case that the frequency-position of PUSCHs is exactly aligned. As can be seen in Fig.1 (a), channel impulse responses can be well-separated in CS-domain due to the different CSs assigned to DMRSs. However, in case that the frequency-positions of PUSCHs are not aligned (see Fig.1 (b)), channel impulse response is shifted after IFFT. In Fig.1 (b), UE1’s PUSCH has frequency offset from UE0’s PUSCH frequency-position. The amount of shift of the channel impulse response is depending on the amount of frequency offset. 
Observation 1:

Current Rel.10 DMRS is not fully exploiting CS-domain orthogonality. Even though different CSs are assigned to spatially multiplexed UEs, their DMRSs are not always orthogonal since the subcarrier represented by m = 0 changes according to PUSCH scheduling, i.e., frequency offset of multiplexed DMRSs is not taken into account. 
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(a) Frequency-position is aligned

[image: image3.emf]1 2 3 4 0

3 4 2

RB index

1 0

3 4 2 1 0

UE0, CS#0

5

5

5

UE1, CS#2

UE2, CS#4

CS index

UE0 UE1 UE2

1 2 3 4 0

3 4 2

RB index

1 0

3 4 2 1 0

UE0, CS#0

5

5

5

UE1, CS#2

UE2, CS#4

CS index

UE0

UE1

UE2

Impulse response of UE1 is completely 

superimposed on that of UE0

Impulse response of UE1 is interference 

onthat of UE0

Multiplying complex conjugate of 

UE0's DMRSand applying IFFT

Multiplying complex conjugate of 

UE0's DMRSand applying IFFT


(b) Frequency-position is not aligned (offset = 1RB (left), 2RBs (right))
Fig.1. CS-domain orthogonality in current Rel.10 DMRS.
2.2 FD-DMRS
In FD-DMRS, a reference subcarrier, e.g., DC subcarrier, is defined. FD-DMRS is expressed as
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where m’ is the subcarrier index with m’=0 being the reference subcarrier. If the frequency difference between 
m’= 0 and the PUSCH starting position (m=0) is given by f as m’f = m, Eq.(2) is rewritten as
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The only difference of FD-DMRS from the current Rel.10 DMRS is the term of f. By setting reference subcarrier, CS-domain orthogonality can be fully exploited. Figure 2 shows an example of CS-domain demultiplexing of FD-DMRSs in the same situation as in Fig.1 (b). The positions of channel impulse responses are kept intact and hence they can be demultiplexed in CS-domain. 
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Fig.2. FD-DMRS (offset = 1RB (left), 2RBs (right)).
Observation 2:

FD-DMRS can fully exploit CS-domain orthogonality. Even though the frequency-positions of PUSCHs are not aligned, CS-domain orthogonality is kept. Therefore, the UEs who are assigned different CSs can be demultiplexed regardless of frequency offset among PUSCHs.
3 Evaluation
3.1 Channel estimation error model
In case using the current Rel.10 DMRS, following can be said:
· If different base sequences are used for DMRSs of spatially multiplexed PUSCHs, the channel impulse responses cannot be separated. Only achievable is some process gains through CS-domain rectangular windowing and/or OCC despreading. 
· If the same base sequence is used for DMRSs of spatially multiplexed PUSCHs, the channel impulse responses can be separated by CS and/or OCC.
· DMRSs multiplied by different OCCs can be separated. However, since OCC multiplexing order is only two, its capacity is not sufficient.

· DMRSs having different CSs can be separated if PUSCH frequency-position is aligned. If not, whether the CS separation is achieved or not is depending on the amount of frequency offset of multiplexed DMRSs. 
Based on the above observations, we simply model the channel estimation error caused by inter-DMRS interference. It should be noted that the channel estimation error due to other factors, e.g., white noise, interference from other CoMP set, etc, are not considered for simplicity.
3.1.1 When different sequences are used for multiplexed DMRSs
The channel estimates of the uth UE at the rth receive antenna (of any RP in the CoMP set) in this case is modeled as
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where 
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 is the corresponding channel estimation error, where it is modeled as a zero-mean additive white Gaussian noise (AWGN) whose variance is given by
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where Pr,u is the total received power of the uth UE’s DMRS at the rth receive antenna of any RP in the CoMP set and CS and OCC are the process gains through CS-domain rectangular windowing and OCC despreading, respectively. OCC is always 1/2 but CS changes depending on the setting; in this contribution, we set CS being 1/6 for simplicity.
3.1.2 When the same sequence is used for multiplexed DMRSs
We use the same AWGN channel estimation error model as Eq. (4) in this case. However, its variance is modified as
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where CS(u,u’) and OCC(u,u’) are set as follows:
· If CS and/or OCC of u’th DMRS are different from those of uth DMRS, CS(u,u’)=0 and/or OCC(u,u’)=0, respectively. Or else, since any process gain cannot be obtained, CS(u,u’)=1 and/or OCC(u,u’)=1.

· In Rel.10 DMRS, even though different CSs are assigned to multiplexed DMRSs, the channel impulse responses cannot be separated when the channel impulse response are superimposed in CS-domain resulting from frequency offset among PUSCHs as seen in Fig.1. Therefore, we take into account this frequency offset between any multiplexed PUSCHs; the frequency offset is transformed into the shift of channel impulse response and then, if the channel impulse response collides with, CS(u,u’)=1.
· In FD-DMRS, if different CSs are assigned to multiplexed DMRSs, they can always be separated regardless of their frequency offset. Therefore, CS can always be set to 0.
3.2 Result
For SLS, we assume HetNet CoMP as illustrated in Fig.3. 5 RPs in the macro area are coordinated to perform joint reception. One CS is pre-assigned for each RP. Using this assigned CS, each RP independently schedules PUSCHs of UEs within its serving area without any information from other RPs. Therefore, their PUSCH positions are not always aligned.
Three cases are considered:

1. Different sequences are assigned to multiplexed UEs and Rel.10 DMRS is used. In this case, channel estimation error is modeled as in Sect.3.1.1.
2. The same sequence is assigned to multiplexed UEs and Rel.10 DMRS is used. In this case, channel estimation error is modeled as in Sect.3.1.2. Different CSs are assigned to multiplexed DMRSs but due to the frequency offset resulting from PUSCH scheduling, their orthogonality may be lost. 
3. The same sequence is assigned to multiplexed UEs and FD-DMRS is used. In this case, by assigning different CSs to multiplexed DMRSs, their CS-domain orthogonality is kept regardless of frequency offset resulting from PUSCH scheduling. Such CS-orthogonality can be realized by assigning different CSs to spatially multiplexed UEs; in this SLS assumption, all the spatially multiplexed UEs are connected to different RPs. Therefore, different CSs are assigned to RPs. In this case, channel estimation error due to inter-DMRS interference within the CoMP set is assumed not to be produced.
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Fig.3. Considered HetNet CoMP cases.
The SLS result is summarized in table.1. Case 3 is assumed to be a baseline and the relative amount of throughput degradation is indicated in percentile. As can be seen from the result, case 1 suffers from interference due to DMRS non-orthogonality. Especially, cell-edge throughput degradation is much larger. This is because that the variance of channel estimation error in Eq. (5) for cell-edge UEs is large and hence the process gains achieved through CS windowing and OCC despreading are not effective. Case 2 provides better performance than case 1 but still degrades around 10% from case 3. This is because the channel impulse response collision due to frequency-position offset exists. In other words, if we can remove the problem of channel impulse response shift due to frequency offset, the system and cell-edge throughput can be improved by about around 10%. Therefore, we recommend using FD-DMRS by replacing Eq. (1) by Eq. (2) or (3).

Table.1. SLS result

	
	System throughput (Mbps)
	Cell-edge throughput (kbps)

	Case 1 (non-orthogonal Rel.10 DMRS)
	32.64(22.58%)
	465.70 (28.05%)

	Case 2 (orthogonal Rel.10 DMRS)
	38.08 (9.68%)
	575.00 (11.16%)

	Case 3 (orthogonal FD-DMRS)
	42.16 (0%)
	647.24 (0%)


Observation 3:

By using orthogonal Rel.10 DMRS in HetNet CoMP, better performance can be achieved than non-orthogonal Rel.10 DMRS. In CoMP scenario 3, this can be realized by introducing virtual cell ID [3]. However, even using the orthogonal Rel.10 DMRS, performance degradation still exists since frequency offset of multiplexed DMRSs cannot be taken into account for generation of DMRSs. In order to achieve better performance, FD-DMRS is useful.
4 Conclusion 

In this contribution, we proposed FD-DMRS for HetNet CoMP scenarios and evaluated its performance advantage over the current Rel.10 DMRS by system-level simulation. The conclusions are as follows:

· Current Rel.10 DMRS is not fully exploiting CS-domain orthogonality. Even though different CSs are assigned to spatially multiplexed UEs, their DMRSs are not always orthogonal since the position of m = 0 changes according to PUSCH scheduling and therefore, frequency offset of multiplexed DMRSs is not taken into account.
· On the other hand, frequency-dependent DMRS (FD-DMRS) can fully exploit CS-domain orthogonality. Even though the frequency-positions of PUSCHs are not aligned, CS-domain orthogonality is kept. Therefore, the UEs who are assigned different CSs can be demultiplexed regardless of frequency offset among PUSCHs.
· By using orthogonal Rel.10 DMRS in HetNet CoMP, better performance can be achieved than non-orthogonal Rel.10 DMRS. In CoMP scenario 3, this can be realized by introducing virtual cell ID [3]. However, even using the orthogonal Rel.10 DMRS, performance degradation still exists since frequency offset of multiplexed DMRSs cannot be taken into account for generation of DMRSs. In order to achieve better performance, FD-DMRS is useful.

Therefore, we propose to adopt FD-DMRS in RAN1.
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Appendix

Simulation parameters

	Parameter
	Values

	Cell range expansion (CRE)
	0dB 

	Channel model
	ITU UMa for Macro, UMi for pico 

	Coordination area
	1 macro cell and 4 pico cells within the macro cell area
Config.1 is assumed

	UL CoMP processing
	Joint reception with MMSE-based MU-MIMO receiver

	Number of UEs per macro cell area
	25 

	Backhaul assumption
	Zero delay

	System bandwidth
	10 MHz, 46RBs

	Carrier frequency
	2.0 GHz

	Maximum number of clusters
	1 (contiguous allocation)

	Scheduling algorithm
	Proportional Fairness with adaptive bandwidth allocation

	Maximum transmission power at UE
	23.0 dBm

	Tx / Rx Antenna configuration 
	1Tx / 2Rx 

ULA with 10 lambda spacing at eNB

	Uplink Power control
	Open loop fractional power control 

[α, P0]=[0.7, -78] for macro and [0.6, -78] for pico

	Hybrid ARQ
	Incremental redundancy

Synchronous & Non-Adaptive HARQ

Maximum retransmission number = 4

	SRS setting
	10 ms period.

UE specific bandwidth based on path-loss estimation. Ideal CSI estimation within the bandwidth.

	UL overhead assumption
	DMRS : 2 symbols per subframe
SRS : 1 symbols per subframe

	Traffic model
	Full buffer
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