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1 Introduction
In 3GPP RAN1#58bis held in Shenzhen, China, in August 2008, the following DM RS pattern has been agreed up to rank 2, where spreading factor 2 CDM is applied to multiplex two UE-RS in two adjacent REs:
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Figure 1 Rank-2 DM RS pattern

In this contribution, we investigate on RB bundling [3] for improving channel estimation performance, especially for higher rank. 
2 Discussions on RB Bundling
In Rel-8 beamforming, a UE is supposed to assume that precoding has been assigned per-RB, implying that the precoders in the assigned RBs can be all different from each other. In this case, UEs receiving Rel-8 beamforming has to estimate channels and demodulate symbols per RB. Per-RB based precoding gives the most flexibility of assigning precoders to eNodeB and as a result, could give higher throughput than multi-RB based precoding. In particular, in TDD with channel reciprocity is available, eNodeB potentially estimate channels per RB granularity based on SRS, which could be used for per-RB precoding. The number of available DRS symbols per RB in Rel-8 beamforming is 12, and the number is sufficient for achieving a reasonable channel estimation performance for demodulation of rank-1 signals. 
On the other hand, in Rel-10 higher rank transmissions, the number of DM RS symbols per antenna port cannot be as large as 12. Especially, with rank 8, number of DRS symbols per port cannot be larger than 3 symbols per RB (or totally 24 DM RS REs per RB), to achieve peak spectral efficiency target agreed in 36.913 [1]

 REF _Ref242364580 \r \h 
[2]. Hence, it is questionable whether a UE can achieve a reasonable channel estimation performance for demodulation with that small number of DM RS symbols.
In [3], RB bundling has been introduced as a solution to improve channel estimation performance of LTE-A UEs. When N RBs are bundled, eNodeB applies the same precoder across the N RBs, and a UE estimates channels and demodulate signals accordingly. As RB bundling increases number of DM RS symbols that can be used for channel estimation at a UE, RB bundling can be a solution to allow for acceptable channel estimation performance at UEs receiving higher rank transmissions. 
RB bundling limits the flexibility of assigning precoders, which could result in some negative impact on the performance, especially when eNodeB transmits low rank signals to UEs in TDD. However, as RB bundling improves channel estimation performance, it is not clear whether RB bundling helps or hurts performance in the case of low rank transmissions. 

3 Higher-Rank DM RS Patterns

Some example higher-rank DM RS patterns introduced in [3] are shown in Figure 2. 
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Figure 2 Example DM RS Patterns

When RB bundling is applied, further optimization of DM RS patterns in the bundled RBs can be considered. Figure 3 shows two examples of DM RS pattern for a 2 RB bundle. In RNK8 P2-1, the DM RS antenna port mapping in the bottom RB is changed from the top RB, to ensure DM RS REs’ better time-frequency coverage within the 2 RB. On the other hand, in RNK8 P2-2, 4 DM RS REs are removed at the boundary of the top and the bottom RBs, to reduce some RS overhead with ensuring limited impact on the performance, which exploits the fact that the DM RS REs are denser in centre subcarriers of the 2 bundled RBs. 
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Figure 3 DM RS Patterns for Bundled RBs
4 Link-Throughput Simulations

To see the impact of RB bundling, we present some link throughput results. We compare the link throughput performance of 1 RB precoding and 2RB precoding. Low-speed (3kmh) TU6 uncorrelated channels have been simulated for an 8-Tx, 6-Rx antenna configuration. Detailed simulation setup is summarized in Appendix. For up to rank-4 pattern, we use RNK4 DM RS pattern for simulation. For ranks above 4, two patterns are considered, RNK8 P1 and RNK8 P2. In bundling simulations, we used plain repetitions of RNK8 P1 and P2 in two RBs, as we currently focus on verifying the usefulness of bundling. 
Figure 4 shows link-throughput comparison between two different bundling assumptions and two different patterns for ranks 5, 6, 7 and 8. We can see that 1RB bundling (i.e., without bundling) achieves throughput smaller than 2RB bundling in high SNR regime, where the performance difference is at least 4dB. On the other hand, with or without bundling, RNK8 P1 (2RE per port) is worse than RNK8 P2 (3RE per port), which could be due to the fact that 2 REs per antenna port is not enough to track a highly frequency selective channels like TU6.
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Figure 4 Impact of Bundling: Link Throughput Comparison

5 Conclusion

In this contribution, we discussed on the impact of RB bundling in the high SNR regime. As shown in the simulation section, RB bundling can give us a large gain on the throughput in the high SNR regime where higher rank transmissions can be scheduled as well as the number of RS symbols in an RB can be limited. Hence, we propose to further study RB bundling, especially for high rank transmissions.
Appendix Link-Throughput Simulation Parameters

The link-level simulation parameters are summarized in the table below:
	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Channel Model 
	TU-6 3km/hr 

	Antenna configuration 
	8x6, No correlation bet\ antennas 

	Precoding 
	8Tx Codebook presented in [4]

	Channel estimation 
	2D-MMSE 
assuming uniform power-delay profile. 

	RB Assignment 
	4 RBs 

	Power in each RS RE 
	the same as in data REs 

	Number of CWs
	2 CWs

	MIMO Receiver
	MMSE

	Target BLER
	10%

	Hybrid ARQ scheme
	Chase Combining, maximum 3 retransmissions

	CSI estimation
	Ideal
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