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1 Introduction

LTE-A is required to support MIMO with multiplexing of upto 8 layers in PDSCH. Use of UE-specific demodulation RS (UE-RS) for PDSCH demodulation for LTE-A was agreed [1, 2]. UE-RS patterns for rank 1 and 2 are being considered for the working item on enhanced DL Transmission for Release 9 [3] to support dual-stream beamforming. Our views on patterns for rank 1 and 2 are presented in [4]. In this contribution we consider UE-RS patterns for rank 3 and 4 for both normal and extended CP and for both normal and DwPTS subframes. The patterns for rank 1 to 4 presented here and in [4] are chosen in accordance with the agreement in the WG1 #57 meeting that the UE-RS pattern for dual stream beamforming should consider the UE-RS pattern up to rank 4. Extensions to rank beyond 4 are discussed in [5].
2 UE-RS Pattern for Normal Subframe in Normal CP
In RAN WG1 #58 it was agreed the UE-RS pattern for rank 2 would be one of two identified hybrid CDM/FDM patterns. The choice of the rank 2 patterns also considered performance upto rank 4 in accordance with the agreement in the WG1 #57 meeting that the UE-RS pattern for dual stream beamforming should consider the UE-RS pattern up to rank 4. It is therefore our understanding that the rank 4 pattern would be one of the two patterns shown in Fig. 1. For both the patterns, the pilots of two layers are multiplexed using orthogonal sequences over 2 contiguous REs in time.  Blue REs are used for pilots of layers 1 and 2 while green REs are used for pilots of layers 3 and 4. The pattern without staggering was agreed to be the baseline pattern. The pattern with staggering would be considered only if it showed significant performance gains over the baseline pattern.  Since no significant gains have been shown so far, we propose that the baseline pattern be considered as the agreed UE-RS pattern for normal CP and normal subframe for rank upto 4.
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Figure 1: UE-RS Pattern Normal CP Normal Subframe
3 Simulation assumptions
In Table 1 different assumptions for the UE-RS simulations are listed.
Table 1 Simulation Assumptions for UE-RS Simulations
	Transmission Bandwidth
	5MHz

	Channel Model
	TU, Veh B with 3, 30, 120 km/h

	Number of Tx antennas
	8

	Number of Rx antennas
	4

	Receiver Type
	Linear MMSE

	Allocation Size 
	4 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	4

	CQI/Precoding feedback
	Perfect feedback, for the data subband, 64 Precoding Matrices  


Further details about the simulations are given below:

· Channel estimation is performed based on 2-D MMSE per each resource block. Uniform Doppler spread and uniform delay spread profile are assumed for forming the 2-D MMSE interpolator.

· The tuning speed is  10, 30, 120 km/h for 3, 30, 120 km/h simulations

· Frequency profile is assumed by uniformly distributed over 5 us for TU and over 13 us for Veh-B.

· Ideal knowledge of interference is assumed in this contribution.

· The precoding codebook consists of rotated DFT precoding matrices. 

· CQI/RI/PMI computation is based on perfect channel knowledge with feedback periodicity of 3ms and feedback delay of 3ms.

· Packets are scheduled using the RI, CQI and PMI reported by the UE.

· Target HARQ termination: 10% after 1st transmission.

· Per codeword outer loop MCS adjustment loop is run to meet the target termination.

· For normal CP we consider DwPTS subframes with 9, 10, and 11 symbols. For extended CP we consider normal subframes with 12 symbols and DwPTS subframes with 10 symbols. The throughput plots assume that all subframes contain the same number of symbols. That is, for simulations corresponding to DwPTS with 11 symbols, all subframes are assumed to have 11 symbols. For normal subframes we assume 3 control symbols while for DwPTS subframes we assume 2 control symbols.  

In these simulations we assume adaptive rank selection. The transmission rank is based on the CQI/RI/PMI report from the UE. The REs corresponding to a particular CDM group are used for pilots only if needed according to the transmission rank. Specifically, the REs corresponding to K CDM groups are used if the rank equals (2K-1) or 2K. The remaining REs are used for data. The power scaling is chosen such that the power of the pilots on all transmitted layers is equal and pilot power per pilot RE and data power per data RE are equal. 
4 Simulation Results
In this section we look at the performance of different Rank 4UE-RS patterns which are extensions of the Rank 2 UE-RS pattern studied in a companion contribution [4]. Blue REs are used for pilots of layers 1 and 2. Green REs are used for pilots of layers 3 and 4. For rank 1 and 2 transmission, the green REs are used for data. We consider CDM in time (CDM-T) where orthogonal CDM is used to multiplex pilots of two layers over two contiguous REs in time and CDM in frequency (CDM-F) where CDM spreading is performed over two contiguous frequency tones. 
4.1 Normal CP 

In this section we study different patterns for normal CP. The simulations here are performed for TU channel model. 
4.1.1
Normal CP DwPTS Subframe 11 Symbols

In this section we consider the patterns shown in Fig. 2. CDM-T1 is considered since it is obtained by puncturing the baseline pattern. CDM-T3 is obtained by shifting the baseline pattern to the left by 3 REs. The performance for different speeds in shown in Fig. 3-5. We see that CDM-T1 performs well at low speeds however the performance is quite poor at 120 Kmph. This is expected since it has just one look in time. In [4] the corresponding rank 2 pattern was shown to also have similar performance as other CDM-T patterns at low speed while the performance was poor at 30 and 120 Kmph. Based on the rank 2 performance and on the performance at high speeds we prefer using CDM-T3 in this case. It is worth noting that the pattern chosen for this case can also be used to schedule backhaul transmission to relays since the relay may use the last OFDM symbol to switch from the downlink reception to transmission. Since CDM-T3 is obtained by just shifting the baseline pattern including this pattern should not increase the channel estimation complexity although it does involve changes to the rate matcher. It should also be noted that the results presented here and in [4] did not include interference estimation. The interference estimation loss for CDM-T3 will be smaller than that for CDM-T1. 
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Figure 2: UE-RS Patterns Normal CP 11 symbols
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Figure 3:  TU 8x4 3 Kmph Normal CP 11 symbols
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Figure 4: TU 8x4 30 Kmph Normal CP 11 symbols
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Figure 5: TU 8x4 120 Kmph Normal CP 11 symbols

4.1.2
Normal CP DwPTS Subframe 10 Symbols
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Figure 6: UE-RS Patterns Normal CP 10 symbols
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Figure 7: TU 8x4 3 Kmph Normal CP 10 symbols
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Figure 8: TU 8x4 30 Kmph Normal CP 10 symbols
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Figure 9: TU 8x4 120 Kmph Normal CP 10 symbols

4.1.3
Normal CP DwPTS Subframe 9 Symbols
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Figure 10: UE-RS Patterns Normal CP 9 symbols
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Figure 11: TU 8x4 3 Kmph Normal CP 9 symbols
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Figure 12: TU 8x4 30 Kmph Normal CP 9 symbols 
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Figure 13: TU 8x4 120 Kmph Normal CP 9 symbols
4.1.4
Normal CP Discussion of Results

For DwPTS with 11-12 symbols we propose using CDM-T3 which is a shifted version of the baseline pattern. It provides good performance across different speeds and the corresponding rank 2 pattern has the best performance.  
For DwPTS with 9-10 symbols, the original normal CP, regular subframe pattern (DM-T1) punctured to the corresponding DwPTS duration has the best performance for low speeds for rank 4 and had similar performance as CDM-T4 for rank 2 as noted in [4]. 
The advantage of using CDM-T1 is that is it is obtained by puncturing the baseline pattern.  The performance loss for high speed UEs can be mitigated by scheduling such UEs on different subframe. Alternatively, CRS based (Rel-8) demodulation can be used when high mobility UEs are scheduled on subframes comprising 9 or 10 symbols as these UEs do not benefit from the key features enabled by UE-RS based demodulation. However, further study that includes the performance of these patterns with interference estimation is needed to decide between the patterns. 

4.2 Extended CP 

In this section we study different patterns for extended CP. Since extended CP is likely to be used when the delay spread of the channels to the UEs is large, to select patterns, we compare their performance with Veh B channel model.
4.2.1
Extended CP Normal Subframe 12 Symbols
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Figure 14: UE-RS Patterns for Extended CP 12 symbols
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Figure 15: Veh B 8x4 3 Kmph Extended CP 12 symbols
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Figure 16: Veh B 8x4 30 Kmph Extended CP 12 symbols
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Figure 17: Veh B 8x4 120 Kmph Extended CP 12 symbols
4.2.2
Extended CP Normal Subframe 10 Symbols
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Figure 18: UE-RS Patterns for Extended CP 10 symbols 
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Figure 19: Veh B 8x4 3 Kmph Extended CP 10 symbols
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Figure 20: Veh B 8x4 30 Kmph Extended CP 10 symbols
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Figure 21: Veh B 8x4 120 Kmph Extended CP 10 symbols

4.2.3
Extended CP Discussion of results

From the results presented here and the results presented for rank 2 in [4] we propose using CDM-T2 for extended CP normal subframes and CDM-T3 for extended CP DwPTS subframes, which are the rank 1-2 patterns proposed in [4] scaled up to rank 4.  
5 Conclusion

In this contribution we considered several UE-RS patterns for normal CP and extended CP for both normal and DwPTS subframes. The patterns identified based on the performance for rank 4 shown here and for rank 2 shown in a companion contribution [4] are summarized below. 

In summary, we propose taking the following baseline patterns for further studies: 

· Normal CP and normal subframe:  (scaled up version of rank 1-2 agreed pattern)

· Normal CP and DwPTS subframes (scaled up version of rank 1-2 patterns proposed in [4]) 
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· Extended CP and normal subframe (scaled up version of rank 1-2 pattern proposed in [4])

· Extended CP and DwPTS subframe (scaled up version of rank 1-2 pattern proposed in [4]) 
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