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1. Introduction
A WF document R1-102579 was agreed in RAN1#60b with regards to the feedback framework for Release 10 that states –

· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off
In this contribution we discuss criteria for designing W1 and W2 as well as the necessary and resource and signaling overhead.
2. Proposals for progressing Rel-10 feedback  

· Feedback for rank-3 and higher : The primary goal of a double codebook structure is to increase the spatial accuracy of feedback for the application of MU-MIMO. The maximum number of MU-MIMO layers is limited to 4. Clearly when the UE feedback corresponds to high rank (rank 3 or higher), it is unlikely that there will be any throughput benefit in the application of MU-MIMO. Since the primary usage of feedback corresponding to rank 3 or higher is SU-MIMO there is no need to consider the long-term feedback component W1 in such cases. This, however, does not prevent the eNB from using the long-term component W1 if available from a previous feedback instant. Note that a similar observation has been made in other contributions [1], [2].
· Proposal – Optimize feedback for rank-3 and higher for SU-MIMO
· Proposal – A UE may assume W1 to be identity for PMI determination in the case of rank 3 or higher
Since PMI feedback for rank-3 and higher is primarily directed for SU-MIMO transmission it is also reasonable to adhere to Rel-8 design principles for the codebook corresponding to W2. These design principles include constant modulus, rank nesting, 8-PSK alphabet. Note that the primary benefit for these design principles is a dramatic reduction in computation complexity for PMI search at the UE. The complexity concern is even more severe in the case of 8-Tx antennas due to the increase in the dimensionality.
· Proposal – Codebook design for W2 in the case of rank-3 and higher will be similar in principle to Rel-8 codebook and will strive for preserving constant modulus, rank nesting, 8-PSK alphabet property
· Non-constant Modulus Feedback for rank-1 : The  constant modulus property of Rel-8 rank-1 codebook serves two purposes – (i) it is sufficient to guarantee power utilization when the eNB directly uses a PMI weight (ii) simplifies complexity of PMI search. It is important to note here that a constant modulus rank-1 codebook at the UE is not necessary for full power utilization at the eNB. Even if the codebook is non-constant modulus, an eNB can always modify a transmit weight appropriately to enable full power utilization. The only aspect worth checking is the additional CQI mismatch that can occur when the UE assumes a non-constant modulus Tx weight and the eNB modifies the Tx weight to enforce constant modulus property in the case of SU-MIMO transmission. This impact has been studied in detail for SRS based transmission before and is known to be negligible. The obvious benefit of allowing non-constant modulus codebook for rank-1 at the UE is to provide better quantization accuracy for potential MU-MIMO transmission. This has also been noted in other proposals [1]. It may also be noted that a significant fraction of rank-1 UEs will be paired with MU-MIMO transmission. Therefore rank-1 feedback needs to be optimized for MU-MIMO. 
· Proposal  : Non constant modulus precoding weights may be assumed at the UE for rank-1 
· Feedback for rank-2 : The codebook construction for rank-2 is more controversial because the primary application of the rank-2 feedback PMI can be MU-MIMO or SU-MIMO depending on the scenario depending on ULA or XPOL antenna configurations as well as scheduler/environments. Therefore there are two options here –
· Option 1: Optimize rank-2 codebook for SU-MIMO
· In this case, a UE may assume W1 to be identity for PMI determination. Codebook design for W2 will be similar in principle to Rel-8 codebook and will strive for preserving constant modulus, rank nesting, 8-PSK alphabet property
· Option 2: Optimize rank-2 codebook for MU-MIMO
· In this case, allow non-constant modulus precoding weights to be assumed at the UE. It is also preferable to assume orthogonal transmit weights (for the two layers) for precoding at the UE.
· Feedback granularity for all ranks : In this sub section we focus on the frequency resolution for PMI feedback. Obviously, this is only applicable for W2. The improvement of feedback accuracy is targeted towards MU-MIMO which is applicable in moderate to high spatial correlation scenarios. In such cases there is little benefit in providing a finer frequency granularity of feedback for W2. A finer frequency granularity can also affect robustness to feedback delay (even at low speeds). Therefore any finer frequency granularity than that already available in Rel-8 should be carefully considered.
· Proposal : Strive to retain the same frequency granularity of PMI/CQI feedback as in Rel-8 
· Quantization resolution : The codebook design criteria for the long-term component W1 and the short term component W2 present different challenges. The feedback of the long-term component will be used over long periods of time (of the order of 100s of milliseconds). Therefore, the quantization can be done with high-resolution (more number of bits) and with high complexity (high search complexity) at the UE. The quantization of W2, however, should be designed to enable low-complexity search and should be performed with fewer bits. In terms of performance, it is also observed that providing more bits to W1 rather than W2 is beneficial.
· Proposal : Enable high-resolution quantization for W1. PUSCH may be exclusively used for carrying W1.
· Proposal : Enable low-complexity quantization for W2. 4 bits PMI for each rank is a good starting point.   
3. Product codebook 
We have studied a product precoder structure designed for cross-polarized antennas in [3]. In this case a precoder P of dimension 8x1 or 8x2 is composed of a product of two matrices W and S – the matrix W is of dimension 8x2 and is quantized by 8 bits. The matrix S is of dimension 2x1 for rank-1 and 2x2 for rank-2 and is quantized by 3 bits. For the purposes of evaluation, W is selected using wideband CSI and S is selected for each sub-band with the same rank. In simulations we feedback S for each of the 8 sub-bands. Therefore the total overhead for the product codebook is equal to a 4 bit PMI feedback for each sub-band (8*3+8=8*4). 
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We have observed only small gains with a product structure over a Release-8 type structure when multiple PMI and multiple CQI feedback is used [3]. The observed gains with a single PMI feedback are very small and come at the cost of a large overhead. It is also not clear whether this particular product structure can benefit performance in a 4Tx scenario. Therefore we recommend further studies before the introduction of a product codebook structure.
4. Conclusions 
In this contribution we draw the following conclusions from our study of feedback structure for Rel-10 -
· Optimize feedback for rank-3 and higher for SU-MIMO. 

· A UE may assume W1 to be identity for PMI determination in the case of rank 3 or higher. Codebook design for W2 in the case of rank-3 and higher will be similar in principle to Rel-8 codebook and will strive for preserving constant modulus, rank nesting, 8-PSK alphabet property
· Non constant modulus precoding weights may be assumed at the UE for rank-1.

· Strive to retain the same frequency granularity of PMI/CQI feedback as in Rel-8.

· Enable high-resolution quantization for W1. PUSCH may be exclusively used for carrying W1. Enable low-complexity quantization for W2. 4 bits PMI for each rank is a good starting point.

· We have observed small gains with a product structure over a Release-8 type structure only when multiple PMI/CQI feedback is used. It is also not clear whether a product structure can benefit performance in a 4Tx scenario. Therefore we recommend further studies before the introduction of a product codebook structure.
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