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1
Introduction
In ‎ [14], we overviewed different aspects required for enabling an extension of the SU-MIMO code book and feedback design to a transparent MU-MIMO operation and CoMP. These aspects included control signalling and feedback mechanism. 

In this document, we focus on the overall standardization impact of DL CoMP from the Rel-10 perspective. 
2
Discussion
It has not been decided what form of DL CoMP, if any, will be included in Rel-10.  In any case, it is desirable to make decisions that support CoMP in Rel-10 and would be easily extensible to future CoMP solutions. While this is a worthwhile goal, many aspects cannot be accommodated unless the standardization impact of CoMP schemes is discussed.  

In the following, we will discuss the impact on UE feedback and the backhaul signalling from the support of DL CoMP. 

2.1 UE feedback

In the SU-MIMO or MU-MIMO solutions, channel state information is provided only to the serving cell.  In the various CoMP schemes, channel state information to some of the neighbour cells also needs to be provided. In addition, for proper beam alignment, the spatial codebook granularity should be increased. These will clearly have negative impact on UL capacity; therefore schemes to efficiently compress the feedback information need to be considered. 
2.1.1 Short-term vs. long-term (to non-serving cells) spatial feedback
A proposed compression scheme is to separate a slowly varying long term spatial component and fast varying short term component.  The outstanding issues with this mode of feedback are the following:

· Scheme to combine the two modes to achieve the information compression

· Existence and stability of long term component in real deployment scenarios.  It is also possible that even when the long term component is stable, the variance of the short term variation is too great preventing meaningful compression. 
Note that a straightforward long term short term combination method is downloadable codebooks. 
2.1.2  Measurement opportunity to non-serving cells
The two basic methods for consideration are reciprocity based and non-reciprocity based channel state information. 
Reciprocity based channel state information can be applied to both TDD and FDD but to a differing degree. 

· For TDD, both short term and long term channel state information can be measured based on reciprocity. This assumes that signals used for sounding can be transmitted from each of the antennas used by the UE receiver.  Note that this doesn’t necessarily require UL MIMO capability but the reciprocity based feedback is made easier when UL MIMO capability is present. 

· The sounding can be based on SRS or PUSCH transmissions

· For FDD, only long term channel state information can be measured based on reciprocity and even that only with certain probable limits on UL/DL duplex separation. Similar to TDD, the sounding procedure assumes that signals can be transmitted from each of the antennas used by the UE receiver. 

· The sounding can be based on SRS or PUSCH transmissions
Note that any reciprocity based approach needs to solve basic hearibility issues. This is caused by the fact that the set of eNBs that can detect the UL signal from a UE may not be the same as the set of eNBs from which the UE can detect DL signal.  In the case of TDD, the discrepancy can be caused by varying eNB power classes and different interference conditions on the DL and UL. In the case of FDD, the discrepancy can be caused by the same as for TDD and in addition by the propagation loss differences between DL and UL. These issues can be addressed by coordination of the SRS transmissions and/or improved SRS power control as was discussed in [15]. 
2.1.3  Explicit (channel feedback) vs. implicit (PMI feedback)
We’ll assume 
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 transmit antennas.  An uncompressed explicit channel state feedback calls for the transmission of 
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[image: image4.wmf]M

 eNBs, this would result in the feedback of 
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 complex coefficients, where 
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 is the base station index. Of course, there is inherent redundancy in this approach.  One of the most promising feedback compressions is to use a derivative form of the singular value decomposition (SVD) method as was done in Rel 8, resulting in an implicit feedback.

This approach provides compression in the following ways:

· Eigen vectors corresponding to small eigen-values can be quantized more coarsely or can be omitted. The compression factor could be estimated as 
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· It is sufficient to transmit only the ‘right eigen-vectors’, which is equivalent to the SVD of 
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 which is similar to the Rel 8 approach.  The ‘left eigen-vector space characterizes the UE antenna combining gains, which need not be conveyed to the eNB. The corresponding compression factor can be approximated as  
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· The time domain evolution of the dominant eigen-values (and possibly the eigen-vectors) can be slower than that of the channel gain coefficients themselves. This allows for further time domain compression, achievable by simply reducing the feedback frequency.  This aspect would need further evaluation.   

The above arguments hold for both the single cell SU-MIMO and MU-MIMO cases. However, it does not hold directly for the CoMP Joint transmission (JT) or coordinated beamfoming (CBF) cases. 

In the joint transmission case, the phase information across antennas of different eNBs needs to be preserved; therefore, the individual eNB SVD method is inadequate.  We will not discuss the joint transmission case further. 
In the coordinated beamforming case, the problem with the simple multi-eNB individual implicit feedback is that the UE would use different ‘left eigen-vector space’ when deriving the feedback values. This results in incompatible feedback to different base stations.  The best way to counteract this is to force an assumption of using a single left eigen-vector space for all eNBs that are expected to coordinate their beams in the resources allocated to the given UE. Intuitively, the best left eigen-vector space to choose is to that of the SVD of the 
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 to the serving base station. This method is a version of Channel Direction Indicator (CDI). 
We propose the above method for CBF spatial feedback as was also discussed in [16].  Note that this feedback is only implicit to the serving base eNB and it is neither truly implicit nor explicit for the other participating eNBs.  By this we mean that the missing parameters are not feed back to the eNB but they are not freely chosen by the UE either as in a true implicit feedback.

Even after an agreement on the above techniques, the method of selection of the best precoding vector(s) should be discussed. In prior evaluation, we have seen that the best precoding vector(s) might be different depending on whether they are used for SU-MIMO or MU-MIMO scheduling.  However, we also saw that the differences reduce as the codebook spatial granularity increases.  This will enable applying a method where a UE can implement a good PMI selection that can be used by the eNB even if the exact scheduling strategy of the eNB is not known to the UE. We believe that it is sufficient to demonstrate the feasibility of such methods, it doesn’t appear necessary that such methods require more explicit testing than the current Rel 8 PMI tests.  This issue can be deferred to later RAN4 studies.  
2.1.4 Spatial feedback granularity

In prior contributions, it was shown that for interference nulling purposes, higher granularity would be beneficial.  We refer to those contributions [14][17]. 
If an existing codebook design later needs to be extended to higher spatial granularity, the method proposed in [17] can be used to increase granularity while maintaining a nested structure.  This can be used, for example, if Joint Transmission or Coordinated Beamforming gets introduced at a later stage. 
2.1.5 Feedback granularity in time and frequency

Encoding schemes exploit the frequency/time correlations of the channels to reduce the feedback overhead. Techniques based on multiple description coding (MDC) and successive refinements in a multi-level coding form are analyzed in ‎ [5] 

 REF _Ref244776738 \n \h 
‎[12].  In ‎ [5] 

 REF _Ref244672546 \n \h 
‎ [6] we have studied feedback encoding technique based on multiple description coding that can provide higher granularity description of the CDI in a scalable manner across different reporting ranks. MDC encoding uses different codebooks with the same statistical properties at different time/frequency instances to improve feedback accuracy. 
A further possible improvement is resource specific feedback.  This approach is a reinforcement of the pre-existing definition that a CQI report should be for a reference period well defined in time (a particular 1ms subframe) and frequency (reporting subband).  The existing definition; however, doesn’t allow taking advantage of improvements achievable by filtering.  A possible way to keep both the well defined resource reference period and take advantage of the filtering if there is a sequence of resources defined over which the channel feedback (RI/PMI/CQI) can be averaged. Such sequence of resources could be indicated with a bitmap, similar to how MBSFN subframes are indicated in Rel8, for example. 
2.1.6 Conditional feedback

This technique relies on feedback based on precoded RS. For the eNB to take advantage of this method, it has to jointly evaluate the feedback provided by the UE and the precoding the eNB applied in the feedback reference period. For this method to work, the strict definition of feedback granularity in time and frequency as mentioned in 2.1.5 needs to be applied.  The gains achievable with this approach were discussed in [9].
Another restriction on the conditional feedback method is that the UE can typically report feedback only up to the Rank used for DL transmission in the reference period.  In many cases, this can be sufficient though, especially in slowly varying channels. 

2.2 Backhaul signalling impact
The following is a list of information that needs to be exchanged between eNBs that are cooperating with respect to transmission in the resources allocated to a given UE: 

· Short term channel to serving and non-serving cell and residual interference

· Set of beams used on each resource by each of the cooperating base stations

· Scheduling metric (PSD, expected SNR)
The exact sequence of the information exchange is for further study.  Applicable signalling structure and timeline that can be used for spatial coordination trough backhaul were described in [18]. 
The following information is needed to be exchanged on a slower time scale: 

· Cooperation set management

· Long term Tx covariance estimate

· SRS configuration for UEs in the case reciprocity-based feedback is utilized to non-serving cells 
   
3
Conclusion

In this document, we discussed the standardization impact of DL CoMP, focusing mostly on the coordinated beamforming technique.  The impact had been seen mainly in the areas of extended channel state feedback and new backhaul messaging. Possible techniques for introducing the necessary spatial channel information feedback were discussed and the information to be exchanged through the backhaul was listed.   
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