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1. Introduction
The use of dedicated reference symbols in support of beamforming is currently under discussion in RAN1 [1]

 REF _Ref174698295 \r \h 
 \* MERGEFORMAT [2]. From a system performance standpoint, the claimed advantages of beamforming are improved coverage and capacity, especially in large cells [3]

 REF _Ref174698886 \r \h 
 \* MERGEFORMAT [4], but these potential benefits apply both to approaches based on dedicated reference symbols and closed loop precoding. It has been argued that the closed loop precoding approach used in SU-MIMO is more attractive than beamforming based on dedicated reference symbols and calibrated arrays (i.e. enabling downlink beamforming via uplink observations) due to the flexibility of the precoding approach with respect to antenna array geometries, inter-element spacing and spatial channel, but this approach is also limited by overhead associated with antenna-specific common reference symbols.  Consequently, dedicated reference symbols have been proposed as an efficient means of providing a phase reference for the case of a large number (e.g. eight or more) of eNB antennas [6]

 REF _Ref174699626 \r \h 
 \* MERGEFORMAT [7].
One concern with dedicated reference symbols, especially those transmitted on a resource block-specific basis, is the potential loss in channel estimator performance compared to the common reference symbol case. This contribution compares channel estimation performance based on dedicated vs. common reference symbols. The results are then discussed in the context of the potential gains available with dedicated reference symbol beamforming, and the impact on reference symbol overhead and scheduler flexibility.
2. Dedicated Reference Signal Patterns
Two dedicated reference signal patterns were evaluated.  The first, proposed in [6] (NTT DoCoMo), replaces 4 RE’s in the fourth symbol of every slot with dedicated reference symbols.  The second, proposed in [8] (Motorola), replaces three data RE’s in symbols two and seven of each RB.  In this case, the three reference symbols are not uniformly spaced.  Instead, they are spaced at intervals of six and five subcarriers.  The two patterns are shown in Figure 1 and Figure 2 respectively.  
The dedicated reference symbol overhead for the NTT DoCoMo pattern is 4/84 = 4.7% while that for the Motorola proposal is 6/84 = 7.1%.  Assuming that, in a dedicated RS beamforming mode, only one common reference signal is needed for control channels and mobility measurements, the total overhead for the patterns is 9.5% and 11.9% for the NTT DoCoMo and Motorola patterns respectively.  This overhead is compared in Table 1 with the overhead required for 4 Tx precoded SU-MIMO operation both with (Configuration 3) and without (Configurations 4 and 5) dedicated reference symbols.
	
	
	Dedicated RS Pattern
	Dedicated RS Overhead
	Common RS Overhead
	Total

	Configuration 1
	OL Beamforming
	[6]
	4.7%
	4.7%
	9.5%

	Configuration 2
	OL Beamforming
	[8]
	7.1%
	4.7%
	11.9%

	Configuration 3
	4 Tx SU-MIMO
(Rank 1)
	N/A
	N/A
	14.3%
	14.3%

	Configuration 4
	4 Tx SU-MIMO + Beamforming
	[6]
	4.7%
	14.3%
	19.0%

	Configuration 5
	4 Tx SU-MIMO + Beamforming
	[8]
	7.1%
	14.3%
	21.4%


Table 1: Reference symbol overhead. 
3. Channel Estimation
Different channel estimation approaches are assumed for common and dedicated reference symbol configurations. For the common reference symbol case, the presence of uniformly spaced reference symbols across all subcarriers in the band facilitates frequency domain interpolation techniques, such as that discussed in [9]. In contrast there is no guarantee of the availability of dedicated reference symbols outside UE specific allocated RB’s since it may well be that adjacent RB’s are assigned to different users.  Demodulation performance and, by extension, capacity and range improvements afforded by open loop beamforming techniques with 8 antennas are therefore closely related to the relative channel estimation performance in common vs. dedicated scenarios.
4. Simulation Results
The performance of the classical 2DMMSE and 1DFFT [8] channel estimators was evaluated by simulation. The weight computation for both the 2DMMSE and the 1DFFT channel estimators requires a specified target subcarrier SNR or 
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.  In all the receivers simulated, idealized or not, the estimated SNR shown in Table 3 is used.  Network performance including the impact of beamforming effects such as those discussed in [10] are not included.
We first compared channel estimation performance with the two dedicated reference symbol patterns.  For each pattern, both an idealized receiver with knowledge of both the Doppler spread (or UE speed) and power delay profile of the channel, and an example of a more practical estimator which uses a two-valued estimate of the Doppler spread and a uniform power delay profile, are evaluated.  The idealized receiver’s knowledge of the Doppler spread and channel’s power delay profile (neglecting any impact of beamforming on the channel statistics) are used to calculate the autocorrelations and cross correlations need to compute the optimum weight vector for each channel..  For the more practical estimator, the applied UE speed is shown in Table 2 vs. the actual UE speed.  For the 2D-MMSE case, the practical estimator assumed a uniform power delay profile over an interval equal to the cyclic prefix.  The ratio 
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and the input SNR:
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is plotted for both reference symbol patterns in Figure 3 through Figure 6.  The Motorola proposal has between 0.5 and 1 dB advantage over the NTT proposal.  This is of course the direct result of the additional 2.4% in RS overhead.  At low to moderate SNR, the practical receiver is within about 0.5 to 1 dB of the idealized receiver.
	UE speed (km/h)
	Assumed UE speed (km/h)
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Table 2: Actual vs. assumed UE speed for 2DMMSE
and 1DFFT channel estimators.
4.1. Comparison of Common and Dedicated RS Channel Estimation

Figure 7 through Figure 10 compare channel estimation performance using the 1DFFT method with common reference symbols and the 2D-MSSE method with dedicated reference symbols.  With the NTT DoCoMo pattern, the dedicated reference performance is about 1 dB inferior through 120 km/h and slightly less at 250 km/h up through about 20 dB where the loss climbs to about 6 dB.  The NTT DoCoMo pattern has a slight advantage over the Motorola pattern at 3 km/h and high SNR.  Overall the difference is greatest at 120 km/h.
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Table 3: Actual vs. assumed SNR for 2D-MMSE and 
1DFFT channel estimators.
5. Conclusions
It can be seen that the use of dedicated reference symbols can reduce the overall phase reference overhead for beamforming, especially when applied to eNB configurations deploying a large number of antennas (e.g. 8).
Depending on the signalling approach adopted for downlink grants when beamforming, the use of dedicated reference symbols to provide a phase reference for open loop beamforming can constrain channel estimation procedures over those available for common reference symbols. The simulation results presented in this contribution suggests that the corresponding data symbol SINR after channel estimation may reduce the key benefit of increased beamforming gain when applied in combination with dedicated reference symbols in support of 8 rather than 4 antennas at the eNB. The resulting channel estimator impact should be further taken into account when the capacity/coverage benefits of open-loop beamforming with eight or more antennas is assessed over the 4-antenna precoded case using common reference symbols.
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Figure 1: Dedicated reference symbol pattern from [6] (1 slot).
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Figure 2: Dedicated reference symbol pattern from ‎[8].  The dedicated reference symbols are marked “P1” and “P2”.
[image: image15.emf]-10 -5 0 5 10 15 20 25 30

-5

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

Es/No In (dB)



  (dB)

3 kmph

 

 

MOT2 Ideal

NTT Ideal

MOT2

NTT


Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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