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1. Introduction
For the E-UTRA it is assumed that both the Node B and UE employ 2 antennas. This facilitates the use of multi-input multi-output (MIMO) techniques. While the use of multiple antennas at the Node B and UE has some potential gain, choosing the set of MIMO techniques that results in the best overall performance requires some extensive study. One of the candidate MIMO techniques for the E-UTRA is pre-coding (see, e.g. [1]). For pre-coding, it is necessary to minimize the amount of feedback overhead. Regarding the feedback overhead of pre-coding, our views are as follows: 
· Smaller codebook size is preferred to prevent excessive amount of feedback overhead.

· The feedback frequency (in time) for pre-coding is less than or equal to that for the CQI feedback. It can be made lower than the CQI feedback especially for the small codebook size.
· Some feedback reduction mechanism should also be employed in the frequency domain. Note that the smallest granularity for pre-coding is the chunk size (375 kHz, 25 sub-carriers).   
 An example of feedback overhead reduction in the time domain can be found in the Release 6 TxAA [2] where 1-bit phase feedback per slot is used along with filtering at node B to generate a size-4 TxAA codebook. Some proposals for reducing the feedback overhead in the frequency domain can be found in [3] and [4] which encode the difference between the pre-coders of two adjacent chunks. This differential technique is suitable when the codebook is dense.
In this contribution, we present some initial study of a group-based feedback reduction for small-size codebook in the context of 2-antenna TxAA. In addition, we also investigate the effect of codebook size for TxAA on the performance. 
2. Group-Based Feedback Reduction for Pre-coding
Figure 1 illustrates the idea of the group-based feedback reduction for pre-coding in the frequency domain. That is, one pre-coder is chosen for a group of M chunks (M=4 in Figure 1). Note that the pre-coder does not need to be common across chunks unlike the MCS selection (which has been decided in [4]). Hence, even if one MCS is chosen for all the chunks assigned to a particular UE, the UE can still assign different pre-coders for different chunks.
This technique is more suited for small-size codebook as a sudden change in the optimum pre-coder between two adjacent chunks is not very likely. For larger-size codebook, methods such as those proposed in [3] and [4] may be more appropriate.
This feedback reduction in the frequency domain can be used in conjunction with feedback reduction in the time domain such as what has been used in [2] for TxAA mode 1. For example, 1-bit feedback per sub-frame and phase filtering at the node B can be used. 
[image: image1.png]Precoder Precoder Precoder
1 2 3

Size of precoding group = 4 chunks (3 groups)




Figure 1. Pre-coding feedback reduction in frequency domain by chunk grouping. 4-chunk grouping in 5-MHz is assumed in this illustration.
In this contribution, we use the following single-stream (rank 1) 2-antenna codebook. 
· 2-bit (size 4) codebook, equivalent to TxAA mode 1 [2]:
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· >2-bit codebook: (1+log2N)-bit (size 2N): 
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(2)

For N=3, this codebook is equivalent to TxAA mode 2 for Rel.99.
3. Simulation Assumptions and Results
The agreed link level numerology in [5] is used. Additional simulation assumptions are given in Table 1. To assess the potential gain, feedback non-idealities are not simulated for now. The results are depicted in Figure 2 for 2-bit, 3-bit, and 4-bit codebook with 1, 3, 6, and 12 pre-coding groups. The baseline 1x2 is also simulated. The gain over 1x2 is also shown in Figure 3. Single-user throughput is used as a performance measure as we are only interested in optimizing the TxAA parameters.
	Parameter
	Assumption

	Bandwidth
	5 MHz

	Number of frequency chunks for the localized OFDMA
	12 (625 kHz per chunk)

	Channel Models
	Typical Urban 3 kmph

	Modulation schemes and channel coding rates (for adaptive MCS)
	QPSK (R = 1/4, 1/2, 3/4),

16QAM (R = 1/2, 5/8, 3/4),

64QAM (R = 5/8, ¾)

	Adaptive MCS
	Same MCS across chunks [5]

	CQI feedback delay
	None

	Target BLER for adaptive MCS
	10%

	Antenna configuration
	1x2, 2x2

	Spatial correlation (Node B, UE)
	50%

	Feedback non-idealities (error, delay)
	None


Table 1: Simulation Assumptions for Single-User Throughput Evaluation
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Figure 2. Throughput performance of 2x2 TxAA with different codebook sizes and number of groups. 
In Figure 2, the throughput is shown for the geometry range of -10 to 10dB. The zoomed versions are also shown for the geometry range of -6 to 0dB, which is the typical operating region for TxAA when used in conjunction with some type of spatial multiplexing scheme.  
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Figure 3. Gain of 2x2 TxAA over 1x2 as a function of the number of pre-coding groups (at -6dB and 0dB geometry)
The following can be observed from the results depicted in Figures 2 and 3:
· A large fraction of the available gain from TxAA can be obtained even with 1 pre-coding group per 5 MHz (12-chunk group). However, significant gain can still be obtained by further increasing the number of pre-coding groups. It can be inferred that most of the gain can be attained with 6 pre-coding groups (one pre-coder per 2 chunks). This amounts to an uplink feedback reduction by 2x over the maximum (12 groups).
· Adding amplitude in the TxAA codebook is quite beneficial. Once the amplitude is used, adding another granularity to the phase does not result in significant gain. From Figure 3, it is apparent that the 1-bit amplitude + 2-bit phase (3-bit codebook) offers most of the gain for TxAA. 
· The gain of TxAA is accentuated for lower geometry values. For example, at -6dB geometry (which is approximately the 5% geometry for macro- and micro-cellular), TxAA offers 65-90% gain depending on the number of pre-coding groups and the codebook size.  With 6 pre-coding groups and 3-bit codebook, the throughput gain of TxAA is approximately 40% and 80% at -6dB and 0dB geometry, respectively. This indicates that TxAA is very beneficial for improving coverage. 
When the size of pre-coding group is 2 chunks, a special case occurs when one UE is assigned only 1 chunk or an odd number of chunks. In that case, the remaining one chunk can be assigned a different pre-coder or the same pre-coder as the neighboring pre-coding group.

4. Conclusions
In this contribution, we presented a frequency domain group-based feedback reduction scheme for pre-coding where a group of adjacent chunks is assigned to one pre-coder. The following conclusions can be obtained from this study:
· For TU-3 channel, a large fraction of the available gain from TxAA can be obtained even with 1 pre-coding group within 5 MHz bandwidth (12-chunk group). Most of the gain from TxAA can be attained with 6 pre-coding groups (one pre-coder per 2 chunks).
· The 1-bit amplitude + 2-bit phase (3-bit) codebook offers most of the gain for single rank 2-antenna TxAA. 

· The gain of TxAA is accentuated for lower geometry values where TxAA typically operates when used in conjunction with a spatial multiplexing technique. With 6 pre-coding groups and 3-bit codebook, the throughput gain of TxAA is approximately 40% and 80% at -6dB and 0dB geometry, respectively. This indicates that TxAA is very beneficial for improving coverage. Note that the system level gain in coverage may be somewhat smaller than 40-80% when multi-user scheduling is used.
Some further study needs to be done with feedback non-idealities (feedback error and delay). However, the initial study demonstrates the potential of the grouping-based feedback reduction technique for small-size codebook. We have also demonstrated that a size-8 codebook (with 2 levels of amplitude and 4 levels of phase) is sufficient for the single-rank 2-antenna TxAA. Further feedback reduction can be obtained by using the proposed technique with the time domain feedback reduction. 
Also noteworthy, when interference mitigation is used the cell edge geometry will be improved significantly. In that case, TxAA may be used less frequently when a spatial multiplexing scheme is also used in conjunction with TxAA. However, large gain in coverage due to TxAA is still expected and even more in highly correlated channels.
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