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Introduction
The following agreement on advanced CSI was made in RAN1#85 [1]:
	· Advanced CSI
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:
· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 
· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation
· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 



This contribution discusses the highlighted part. In particular, the above two schemes are perceived as two alternatives and due to the limited time allocated for this WI [2], only one of the two schemes can be selected for specification. Associating the two schemes with the terms ‘implicit feedback’ and ‘explicit feedback’, respectively, the following issues are addressed:
1. Motivation for explicit feedback (over implicit feedback)
2. Possible scope of specification work for Rel.14 eFD-MIMO implicit and explicit feedback schemes
3. Proposed way forward (in the conclusion)

Motivation for explicit feedback
1 
Implicit feedback paradigm (where the UE reports CQI/PMI/RI assuming a single-user transmission from the eNB) is inherited from HSDPA to Rel.8 LTE. As Rel.8 LTE MIMO is single-user (SU)-centric, this feedback paradigm fits quite well for all its practical purposes. Starting from Rel.10 where dynamic switching between SU-MIMO and MU-MIMO is made possible by the introduction of DMRS-based transmissions, the adequacy of implicit feedback paradigm was being questioned. At least three issues were identified:
1. SU-MU mismatch: As the system becomes more and more MU-centric, an inherent mismatch between CSI feedback (assuming SU) and eNB MU transmission becomes a limiting factor. This mismatch will result in an irreducible throughput loss regardless of the CSI resolution. In other words, LTE specification can support excessively large codebooks for implicit feedback without being able to remove this throughput loss.  
2. Inaccurate MU-CQI prediction: Related to the second issue, the eNB typically employs any MU-CSI prediction algorithm from received SU CSI in conjunction with MU precoding algorithm such as ZF-BF or SLNR-BF. It is clear, however, that this scheme is sub-optimal. While ZF-BF or SLNR is a good criterion for MU precoding, it works quite well with uncompressed (albeit quantized) DL channel estimates rather than their coarse estimates with typical constraints from implicit feedback codebooks (e.g. constant modulus imposed to avoid performance penalty for SU transmission, i.e. when the eNB decides to simply follow precoder recommendation from the UE). 
Various schemes were proposed for this, ranging from companion MU-CSI (perhaps the simplest yet the lowest performing scheme) to explicit feedback (perhaps the most demanding in terms of feedback overhead yet the best performing scheme). However, within the timeframe of Rel.10 where an 8-port codebook was still being designed, 4-port DL transmission was the main deployment scenario of interest. In this case, the best gain of advanced CSI (such as explicit feedback) was not sufficient to justify any departure from Rel.8 implicit feedback paradigm. On explicit feedback, two typical arguments were made against it: 
1. Testing difficulty: Explicit feedback cannot be tested with a simple method used for implicit feedback (i.e. RAN4 PMI test inherited from HSDPA).  
2. Large feedback overhead: For instance, direct channel quantization tends to impose large amount of overhead.
In Rel.14, however, the maximum number of CSI-RS ports has increased from 4 to 32. This 8x increase in the number of ports, not to mention that the support of larger number of TXRUs such as 64 or more is not precluded, implies that an MU-centric design becomes more important (since the primary source of cell throughput gain for large number of transmit antennas comes from MU transmission). It is also expected that the three drawbacks mentioned above become more severe. Therefore, any enhancement toward improving MU performance is expected to offer more gain. 

Observation: The drawbacks against implicit feedback (SU-MU mismatch and MU-CQI prediction error) are expected to be worse in Rel.14 mainly due to 8x increase in the number of CSI-RS ports.

Specification scope for implicit and explicit feedback
The above drawbacks of implicit feedback are manifest in user throughput loss as demonstrated in a companion contribution [3]. Despite the potential gain of explicit feedback over implicit feedback, it can be argued that explicit feedback generally results in more specification impacts. Such specification impacts from explicit feedback (compared to implicit feedback) can be categorized into the following two areas:
1. Channel quantization codebooks 
2. CSI calculation procedure
3. New RAN4 testing paradigm 
3.1 Channel quantization codebooks
It should be noted that both implicit and explicit feedback enhancements require some additional specification of new codebooks. Therefore, the additional specification impact associated with explicit feedback is present only when a more complex codebook design is needed for explicit feedback.
However, this is not the case if the so-called “linear combination” framework is used. As evident from [3] and [4], the same codebook design framework, and in fact the same codebook construction methodology, can be used for both implicit and explicit feedback. Moreover, if the Class A W1 codebooks (along with their extensions for {20, 24, 28, 32} CSI-RS ports) are used to provide a basis set for linear combination, the specification effort for explicit feedback can be identical to that for implicit feedback. That is, only codebooks for W2 enhancement need to be specified – either for implicit and explicit feedback. Lastly, depending on which entity is quantized (e.g. channel eigenvector or the channel itself) it may be possible to use the same enhanced W2 codebooks for both implicit and explicit feedback. Whether using common enhanced W2 codebooks offers competitive performance for both is of course unclear and needs to be studied.
It can be concluded, therefore, that specifying channel quantization codebooks for explicit feedback amounts to a same level of effort as that for explicit feedback. 

3.2 CSI calculation procedure
It is typically argued that explicit feedback results in high CSI overhead. This can be alleviated via different means especially if such a high-resolution CSI feedback is aimed for low mobility applications. In this case, explicit channel feedback can be reported aperiodically via PUSCH. In addition, explicit channel feedback can be used with other features proposed in Rel.14 which can reduce the burden of feedback overhead while maintaining the same level of system performance. 
Figure 1 illustrates the use of explicit feedback in conjunction with partial-port CSI-RS [5] where a 32-port CSI-RS is partitioned into two different 16-port subsets. Since the UE reports a form of quantized channel coefficients, the eNB can combine the two feedbacks without any SU-MU mismatch or MU-CQI prediction error. In addition, UE-specific BF CSI-RS is used. A low-mobility UE can be configured to measure BF CSI-RS (with a much smaller number of ports) most of the time while explicit channel feedback is reported (triggered by the eNB) as needed. Overall, this scheme is essentially a combination of explicit channel feedback, partial-port CSI-RS, and hybrid CSI-RS [6]. 


[bookmark: _Ref447148955]Figure 1 Example of eNB-UE operation: partial-port CSI-RS + explicit channel feedback + UE-specific BF CSI-RS

Does explicit channel feedback result in a new CSI calculation procedure? That is, is it possible to reuse the specification language in TS36.213 section 7.2 to facilitate channel quantization? Since the description of PMI reporting is not associated with a certain performance metric, it is indeed possible to do so. However, whether this can result in a satisfactory performance needs to be further studied. Regardless, it is likely that explicit feedback can be supported without a new CSI (especially PMI) calculation procedure as long as a new RAN4 test is introduced to ensure that the PMI associated with explicit feedback represents channel quantization.   
3.3 New RAN4 testing paradigm
[bookmark: _GoBack]Since explicit feedback cannot be tested with the same methodology as implicit feedback (i.e. PMI distribution in AWGN channel which is supposedly simple), a new testing methodology needs to be specified. Note that no issue exists for UE demodulation test for explicit feedback. The only test in question is the feedback test. One example of a viable testing method was given in [7] (presented in the context of Rel.10 MIMO enhancements). 

Observation: 
· In terms of codebook specification, explicit and implicit feedback result in the same specification impact
· Overall, specification effort can be reduced if Class A W1 codebooks (Rel.13 and Rel.14 extension) are reused 
· Possibility to use the same enhanced W2 codebook for both implicit and explicit feedbacks
· Mechanisms to reduce CSI overhead for explicit feedback may already be supported in Rel.14:
· Combined with partial-port CSI-RS, CSI feedback overhead incurred by explicit channel feedback can be spread into multiple reporting instances without resulting in SU-MU mismatch and MU-CQI prediction error inherent in implicit feedback.
· Combined with hybrid CSI-RS (with one CSI process), explicit channel feedback enables UE-specific BF CSI-RS with small number of ports (hence low CSI reporting overhead). 
· Additional specification impact of explicit feedback comes from a possibly new CSI calculation procedure and a RAN4 testing mechanism designed to test channel quantization 

[bookmark: _Ref446598642]Conclusions
In this contribution, the motivation for explicit feedback paradigm is explained along with some discussion on possible enhancements along this line. In addition, an exemplary scheme where explicit channel feedback is used in conjunction with partial-port CSI-RS and hybrid CSI-RS is introduced to alleviate the potentially large feedback overhead caused by explicit feedback while overcoming the issues caused by the legacy implicit feedback paradigm. In particular, it is observed that:
· The drawbacks against implicit feedback (SU-MU mismatch and MU-CQI prediction error) are expected to be worse in Rel.14 mainly due to 8x increase in the number of CSI-RS ports. 
· In terms of codebook specification, explicit and implicit feedback result in the same specification impact
· Overall, specification effort can be reduced if Class A W1 codebooks (Rel.13 and Rel.14 extension) are reused 
· Possibility to use the same enhanced W2 codebook for both implicit and explicit feedbacks
· Mechanisms to reduce CSI overhead for explicit feedback may already be supported in Rel.14:
· Partial-port CSI-RS and hybrid CSI 
· Additional specification impact of explicit feedback comes from a possibly new CSI calculation procedure and a RAN4 testing mechanism designed to test channel quantization 

In light of the above discussion, the following way forward is proposed:
· RAN1 to progress with designing enhanced combination codebooks assuming that it is usable for both implicit and explicit feedback
· Class A W1 codebook (Rel.13 and its Rel.14 extension) is reused
· Specify combining codebooks
· RAN1 to assess whether the additional specification impact of explicit feedback (over implicit feedback) is feasible within the allotted time for eFD-MIMO WI
· To be finalized in RAN1#86bis
· If feasible, RAN1 to focus specification on explicit feedback
· If infeasible, RAN1 to focus specification on implicit feedback
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