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1 Introduction

A lot of progress has been made to enable MIMO enhancements in LTE-A. However, the transmission schemes and feedback design have so far focussed on either full reciprocity or no reciprocity. In this contribution we consider scenarios with partial reciprocity. Specifically, we consider UEs with asymmetric antenna configuration such as with 1Tx and 2Rx antennas that are likely to be prevalent in early deployments. As a first step, we look at the impact of current agreement of tying the feedback mode to PRB bundling for such UEs and propose some simple feedback enhancements for such UEs. 
2 Partial Reciprocity and Bundling
In LTE Release 10 the following has been agreed with regards to bundling. When no PMI is configured for feedback, the UE shall assume that there is no bundling. When UE is configured with PMI feedback the UE should assume that bundling is used. The bundling size in this case is fixed for a given system bandwidth. 
The no PMI case targets full reciprocity where UE reports the average geometry and eNB determines the precoding and rank to use based on the channel measured on uplink. The assumption is that the eNB has measurements corresponding to all antennas at the UE and can choose the optimal precoder for each RB.  The obtained frequency selective precoding gains are likely to more than offset any loss due to not bundling.  
The mode with PMI feedback mandates bundling at eNB. This mode primarily targets the case where the eNB relies completely on the feedback from UE to determine the rank and precoding vectors. Since the eNB does not have any other information, it is likely to use the same precoder for the entire feedback subband and hence it makes sense to perform the channel estimation jointly across the feedback subband.
In this contribution we first study the impact of this decision on the performance of a UE with asymmetric antenna configuration. Specifically, UEs with fewer number of transmit antenna than receive antennas such as 1Tx 2Rx UE and 2Tx 4Rx UEs. 

We first note that for such UEs some form of PMI feedback has to be configured for good performance, especially to achieve full rank. This is necessary since the eNB has only partial information about the channel response to the UE. For example for the 1Tx 2Rx UE case, the eNB can estimate the channel to one of the receive antennas (the one being used  by the UE for uplink transmission) using measurements on the UL. If the eNB is transmitting at rank 1, it could beamform to this direction. As we will see in the simulations below, this performs better than using the rank 1 PMI report which considers the channel to both receive antennas. However, with this information alone the eNB can not determine when it should transmit at rank 2 and what precoder to use in that case. Based on current supported feedback modes, the eNB would be forced to configure the feedback from the UE to include PMI reports. Such a feedback configuration would mandate bundling and hence impact the frequency selective precoding gains. 

We study this aspect in the following simulations. We limit the transmission rank to 1 for 1Tx 2Rx UE and limit the rank to 2 for 2Tx 4Rx UE and consider three different transmission schemes

1. The eNB uses the best PMI reported by the UE. Precoding feedback granularity of 6 RBs is used. UE uses channel for all received antennas in this case. 
2. The eNB uses the eigen beam(s) corresponding to the partial channel knowledge. A different beam is used in each RB to maximize the frequency selective precoding gains. 
3. The eNB uses the eigen beam(s) corresponding to the partial channel knowledge with the constraint that the same precoder has to be used over 3 RBs. This models the mandated bundling. 
For Scheme 2 and Scheme 3 we assume that the geometry is available at the eNB. This is not entirely correct for Scheme 3 since a UE configured in PMI feedback mode would report the PMI and the corresponding CQI which does not directly give the geometry.
The results are shown in Fig. 1 and Fig. 2. 
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Figure 1: TU 8 Tx eNB, 1Tx 2Rx UE, 3 Kmph, Forced Rank 1
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Figure 2: TU 8 Tx eNB, 2Tx 4Rx UE, 3 Kmph, Max Rank 2
From the simulation results, we make the following observations 

1. The performance of Scheme 2, surprisingly, is significantly better than that of Scheme 1 although Scheme 2 does not make use of any information related to the channel of half the receive antennas. Scheme 1 suffers due to lack of frequency selective precoding and due to quantization of the Eigen beam. 

2. Scheme 2 and Scheme 3 have similar performance. Scheme 3 doesn’t have the Eigen beam quantization losses of Scheme 1. However, it loses some of the frequency selective precoding gains when compared to Scheme 2. This though is made up by the improved channel estimation due to bundling. 
From these results, at least for this simplified simulation setup, the bundling constraints imposed due to the feedback configuration do not seem to impact performance significantly. 
From the simulations we can also infer that the current feedback design is inefficient for UEs with asymmetric antenna configuration. The rank 1 PMI feedback, for example, doesn’t help at all. 
3 Feedback enhancements for UEs with asymmetric antenna configuration
In this section we propose some simple enhancements that can be considered for UEs with asymmetric antenna configuration. We limit the discussion here to 1Tx and 2 Rx UEs.  
First, as was shown in the previous section, for rank 1 transmission the eNB choosing PMI using just the channel to 1 receive antenna had better performance than the scheme with the rank 1 PMI reported by the UE. Even in some cases when UE would normally report rank 2 and a corresponding PMI, it is possible that the reciprocity based rank 1 scheme would perform better. This happens since the UE does not normally consider the reciprocity based precoding scheme employed by the eNB when it determines rank. Since UE has the entire channel knowledge, it can include the reciprocity based scheme as an additional hypothesis in its feedback computation.
When the UE decides to reports rank 2, the eNB already has very accurate channel knowledge to one of the Rx antennas. The UE could use the PMI bits to quantize only the channel to the other receive antenna.  Note that the UE should then assume the eNB has better quantized 2nd channel when it considers the rank 2 hypothesis in feedback computation.
When UE reports rank 1 too, in the transmission scheme considered above, the PMI bits are not really used. The UE could reserve one PMI codepoint to signal to eNB that reciprocity based scheme is expected to have the best performance while other PMI codepoint could be used to quantize the channel to the 2nd receive antenna. Use of the other code points would signal to the eNB that using a precoding vector that is optimized for channel of both receive antennas is expected to perform better in that case.   
4 Conclusion

In this contribution we showed that the current feedback schemes are inefficient for UEs with asymmetric antenna configurations. Therefore, we propose simple enhancements to the feedback as follows: 

· The PMI portion of the feedback should primarily contain information about the receive antennas whose information is not already available at the eNB. 
· The feedback computation at the UE take into account the reciprocity based frequency selective precoding applied at the eNB 
We also presented simulation results to study the impact of tying the bundling size with the feedback mode and observed that this had very little impact in the setup we considered.
Appendix A - Simulation Assumptions
Table 1 Simulation Assumptions 
	Transmission Bandwidth
	5MHz

	Channel Model
	TU

	Number of Tx antennas x number of Rx antennas
	8x2, 8x4

	Receiver Type
	Linear MMSE

	Allocation Size 
	6 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Once every 5ms. Used after delay of 3ms

	Precoding granularity
	6 RBs

	Number of precoding/rank
	 64

	Channel Estimation
	2D MMSE with uniform doppler and delay spread. 

Tuning speed of 10, 30, 120 kmph for speed of 3, 30, 120 kmph

Delay spread assumed to be 3 us for Ped-A and 5 us for TU.

	Interference Estimation 
	Perfect


Further details about the simulations are given below:

· The precoding codebook consists of rotated DFT precoding matrices.
· Packets are scheduled using the RI, CQI and PMI (when reported) 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.
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