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1
Introduction

In RAN1#70 and the following email discussion [70-14] the configurability of reference rank and subbands for configured CoMP CSI processes were extensively discussed. The two main proposals from [1] are as follows:
· A RI-reference-process can be configured for a CSI process

· PMI/CQI of the process is calculated conditioned on the RI of its RI-reference-process ,if configured, that is reported in the same or the most recent preceding subframe

· A subband-reference-process can be configured for a CSI process

· Subband CQI of the process reflecting transmission over the same subband as indicated for the subband-reference-process of the same bandwidth part, that is reported in the same or the most recent preceding subframe

In this contribution we present our view on the configuration of reference rank and subbands between CSI processes.
2
Configuring reference CSI  

We would like to start the discussion with the general observation that the way forward in [1] states that RI and subband reference processes can be configured for a CSI process, hence giving the eNB the possibility to explore both possibilities of common or independent rank and subbands between the CSI process. In other words, in addition to the independent configurability of rank and subbands between the CSI processes, the common configuration may be seen as a good enabler of some CoMP schemes like JT for example. From a different perspective, utilizing a CSI-reference process is very similar to a dependent configuration of the CSI processes, thus in some sense conflicting to the previous agreement of independent CSI configurations. We believe that if common configurations are allowed, further feedback savings are possible. Dependent configuration should be explored from the feedback compression point of view as well. These aspects are further discussed in the contribution.
2.1
RI-reference process

The case of configuring a rank-reference process is understood to imply that the PMI/CQIs of the configured processes are calculated with respect to the reference rank. Let us see the benefits and implications of such configuration with respect to different CoMP schemes. 
JT: In principle JT should be operated when the cooperating points are having rather similar average signal power and hence the rank would most likely be the same. In the case of large power differences, the rank can be different between the points. However, in this case: 1. JT might not be the optimal scheme to be applied, 2. non-coherent JT can be performed also with per CSI process rank even if the ranks are different. In fact, the rank constraints for one of the points may lead to suboptimal performance. Either one point needs to be upgraded to a higher rank (for example to rank 2 from being a native rank 1, which results in suboptimal performance as a decrease of 3dB is experienced by the lower rank point) or one stream is not transmitted from the stronger point, resulting in throughput loss. 

DPS/DPB: In this situation the DPS and DPB ranks may be different as it is expected to have an increase in SINR when one point in the measurement set is assumed to be muted. The situation of rank one DPS and rank two DPB is quite probable. Our previous results [2] indicate a rank 2 increase from 11% to 46% when muting one point from the CoMP measurement set. The common rank could be applied across processes or across points. Frequency selective dynamic point selection is not supported in Release 11 by quasi-colocation assumptions made by the UE. On the other hand frequency selective per point operation of DPS/DPB needs a common rank. This implies that per point rank is sufficient for frequency selective DPS/DPB.
One argument for introducing the RI-reference process was that it would reduce UE CSI processing complexity. However, UE needs to be designed for the worst case processing. As the independent rank reporting remains supported, the UE complexity budget needs to be designed accordingly. Hence there would be no complexity savings except for negligible battery saving due to reduced baseband processing when the RI-reference process has been configured.
Observations:

· Non-coherent JT and DPS/DPB can be operated with per point rank.
· Common RI-reference process does not bring UE CSI processing complexity savings.
2.2
Subband-reference process

The case of configuring a subband-reference process is understood as the utilization of the same subbands for PMI/CQI reporting across the configured CSI processes where the subbands are determined by the subband-reference process.
JT: Obviously performing JT on different subbands does not make much sense, one may utilize the wideband CQI in addition to the subband information, , however the performance benefits of such scheme are unclear. From this perspective it is obvious that the utilization of same subbands is a natural choice for JT. One of the roots of the problem the subband reference process is targeting is the independent configuration of subbands for JT operation, hence the independent configuration of CSI processes. Utilizing the subband-reference between cooperating points would mean enforcing an independent subband operation.  This is expected to result in suboptimal operation as suboptimal subband selection for the points following the subband reference is likely. One alternative is to allow jointly selected subband selection for cooperating points, at the expense of increased complexity. A more indepth investigation should clarify the degree of loss/gains of above proposals and this can be part of Release 12 studies.
DPS/DPB: If DPS and DPB are independently operated, the need of common subbands is rather limited. If dynamic operation is required, same subbands might lead to optimized performance. 
Observation:

· The system can work without subband reference
· Common subbands should be further studied in Release 12 
2.3
Feedback reporting and CSI-reference process selection
During the email discussion it has been highlighted that compression seems a missed opportunity if such CSI-reference process is configured. While it is indeed not an easy task to nail down such details, we present in the following views on several options presented in the email discussion.
Feedback reporting

One solution is to allow feedback savings by report dropping. For example the RI indication can be configured in such a way that RI reports collide and hence they are dropped. Unfortunately, there are cases where RI is jointly encoded with other CSI feedback information, hence such report dropping configuration is rather limited and can be even harmfull. Moreover, as RI reporting periodicity is lower, such feedback savings are questionable.
An alternative solution is to define new reporting types allowing dependent configuration of CSI processes. Such operation is in the spirit of CoMP which requires that multi point feedback is available in eNB at the same time. In addition, the collision probability is decreased. The current problem seems to be the lack of support for the introduction of such CSI multiplexing in PUCCH format 3, which can be seen as one of the main containers to serve multiplexing of multiple CSI processes. PUCCH format 2 optimization can be another attractive option as it benefits from better coverage compared to PUCCH format 3. In the context of CSI-reference process, if the same NZP resource is used for two processes, one PMI can be dropped while the other two CQIs can be multiplexed in one report. Such a scheme would allow dynamic switching between DPS/DPB. In addition, if CQIs from two points are multiplexed one can obtain DPS or DPB.
CSI-reference process selection

The selection of CSI-reference process has not been discussed in detail. It is understood that any CSI-RS configuration and its subsequent CSI process can be configured to serve as a reference. The way in which eNB selects such a CSI reference might depend on CoMP scheme and traffic. 

One option is to have the CSI reference as the strongest/serving point. In such a case the fallback from CoMP mode is also assured as the dependent CSI processes would follow the fallback with respect to rank and subbands.This can be more suited to JT operation. Alternatively, if DPS/DPB is operated, the processes with common NZP configuration should utilize the same CSI reference resource which can be any of the points.
Observation:

· Current feedback containers are not flexible enough for enabling the feedback savings otherwise possible. This issue should be further studied in Release 12.
3
Conclusions
In this contribution we have presented our views with respect to the need for a reference CSI process. In summary, our observations and proposals are as follows:

. Observations:
· Non-coherent JT and DPS/DPB can be operated with per point rank.
· Common RI-reference process does not bring UE CSI processing complexity savings.

· The system can work without subband reference
· Common subbands should be further studied in Release 12 
· Current feedback containers are not flexible enough for enabling the feedback savings otherwise possible. This issue should be further studied in Release 12.
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