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1. Introduction

In last several meetings, decisions were made on demodulation reference signal (DM-RS) Rank 1-8 pattern design for normal CP [1].

· Rank 1-2 DM-RS pattern for normal CP was agreed, including normal subframe and DwPTS, as shown in Figure 1. 
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Figure 1
Rank 1-2 DM RS pattern for normal CP

· Rank 3-4 and Rank 5-8 DM-RS pattern for normal CP was agreed, as shown in Figure 2. 
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Figure 2
Rank 3-4 and Rank 5-8 DM-RS pattern for normal CP

The remaining issue for DMRS pattern design under normal CP is whether physical resource block (PRB) bundling is needed for rank 1-8. In this contribution, we present the performance of different bundling sizes (1,2,4) for DM RS pattern in Figure 1 and Figure 2.
2. PRB bundling  
PRB bundling is initially proposed for obtaining adequate channel estimation accuracy with the existing overhead constraints for higher rank UE-RS (more than four layers) [2]. Through increasing the resource allocation and precoding granularity, PRB bundling makes UE can jointly use multiple RBs to estimate the channel and improve the channel estimation accuracy. Some discussions about PRB bundling can be found in [3-9]. PRB-bundling improves the channel estimation performance but adds constraints on the scheduler and precoding granularity since the smallest precoding granularity is same as the bundling size. So it is necessary to evaluate carefully the performances of RB bundling with different bundling size.
3. Simulation Results 
In this section, performance of different bundling sizes of PRB bundling is studied. Pattern in Figure 1 and 2 is adopted and no pattern rotation is used. For regular sub-frame of normal CP, 1,2,4 DMRS patterns are used in PRB bundling performance. Detailed simulation parameters are summarized in Table 1. Performance of two layer transmission simulation is shown in Figure 3 and Figure 4 for the mobile speed 3 km/h and 30km/h, respectively. Figure 5 and Figure 6 show the comparison between different bundling size under Rank4 for velocity 3km/h and 30km/h. The higher order Rank performances comparisons are shown in Figure 6 to Figure 8. 
Table 1 Simulation assumptions

	Transmission bandwidth
	10MHz

	Carrier Frequency
	2.0 GHz

	Channel Model
	Typical Urban (TU)

	Number of Antennae
	8×{2,4,6}, uncorrelated antenna

	Speed
	3km/h, 30km/h

	RB bundling size
	1,2,4 RBs

	RB Assignment
	6PRB

	Modulation
	QPSK, 16QAM, 64QAM

	Detection algorithm
	MMSE

	Feedback
	Perfect

	Channel estimation
	2D-MMSE

	Channel Coding
	Turbo code (1/2)/Max-Log-MAP decoding

	HARQ
	OFF

	Precoding
	Non-codebook based precoding (SVD)
Precoding granularity is same as PRB-bundling size
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Figure 3 Rank 2, 3km/h                     Figure 4 Rank 2, 30km/h
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Figure 5 Rank 4, 3km/h                    Figure 6 Rank 4, 30km/h
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Figure 7 Rank 6, 3km/h                     Figure 8 Rank 6, 30km/h
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Figure 9 Rank 8, 3km/h                     Figure10 Rank 8, 30km/h
4. Conclusions 
This contribution investigated the performance comparison of different PRB bundling size for Rank 1 to Rank 8 and we can get conclusion: 
· The performance gain is increased with the bundling size.

· The performance gain of the bundling with the speed 30km/h is better than the performance gain of the bundling with the speed 3km/h.
· Only in the case (64QAM, 30km/h), PRB-bundling can improve demodulation performance about 0.5dB-2dB in high SNR region.
· Necessary of additional signaling to support PRB-bundling is FFS.
5. References
[1] 3GPP, “RAN1_59bis Chairman notes”, RAN1 59bis, 18th – 22nd January, 2010, Valencia, Spain.

[2] R1-094212, “UE-RS Patterns for ranks 5 to 8 of LTE-A”, Qualcomm Europe.

[3] R1-094650, “Beyond four-layer UE-specific reference symbol design for LTE-Advanced”, Nokia, Nokia Siemens Networks.

[4] R1-094910, “Downlink DM-RS structure for Rank 5-8 in LTE-Advanced”, Qualcomm Europe.

[5] R1-094705, “DM RS discussion for Rank 5-8”, Huawei.

[6] R1-100046, “DM RS design for rank 5-8”, ST-Ericsson.

[7] R1-100496, “Downlink DM-RS structure for Rank 5-8 in LTE-Advanced”, NTT Docomo.

[8] R1-100105, “DM-RS Designs for rank 5-8 in LTE-A”, Samsung.

[9] R1-100653, “Investigation on Downlink DM-RS RB-bundling”, LG Electronics.






2

_1327141882.vsd
Normal subframe


DwPTS with 11 or 12 OFDM symbols


DwPTS with 9 or 10 OFDM symbols
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