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1 Introduction

During previous RAN1#68 meeting, further discussion on the need for inter CSI-RS resource feedback took place, the main conclusion being a range of concerns from varius companies with respect to the introduction of phase combiner. On the other hand, previous working assumptions strives to standardise a common feedback /signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

In this contribution we analyse some of the concerns raised with respect to the need for inter CSI-RS resource feedback while also providing a way forward with respect to what type of inter CSI-RS resource information should be supported.
2 Types of inter-CSI-RS-resource information
The per CSI-RS resource CSI feedback consists of rank indication, PMI and CQI. The inter-CSI-RS-resource information may take the form of phase/PMI information or CQI. The inter-CSI-RS-resource phase information leads to the so called coherent JT transmission which allows for coherent combining. The inter-CSI-RS-resource CQI information refers here to aggregated CQI, that is a CQI computed with the assumption of coherent or non-coherent transmission from multiple points.

Table 1. inter-CSI-RS-resource information and schemes
	Type of inter-CSI-RS-resource information
	Without inter CSI-RS information
	With inter CSI-RS information

	Phase/PMI
	Per point PMI (Non coherent JT)
	Per point PMI + phase combiner (coherent JT)

	CQI
	Per point CQI
	Aggregated CQI


The following alternative schemes are possible:
Alt 1: No inter-CSI-RS-resource information: 

This type of feedback allows the DPS w/wo muting type of scheme and would bring a basic CoMP support in Release 11. Depending on how the PMI and CQIs are fed back to the eNB, the scheme may operate with a low feedback overhead while it is not exposed to sensitivities like time missaligments (known as a phase combiner issue). Some form of sub-optimal JT is also possible. As such a scheme has lower feedback load, it should be also considered as the benchmark when comparing further CoMP feedback enhancements. 
Scheme support: optimal DPS (depending on feedback configurability), sub-optimal: non coherent JT.
Observation: 
· No inter-CSI-RS-resource information brings a basic CoMP support in Release 11. Such schemes should be the baseline when proposing further CoMP feedback enhancements.
Alt 2: Phase/PMI inter-CSI-RS-resource information only:

This type of feedback enables coherent JT transmission. While further PMI accuracy is employed, the phase information is known to be sensitive to propagation delays and imperfect synchronization. While PMI would get more accurate, the CQI information would operate with per point information as eNB is left to further adjust the CQI level.  Best gains are seen with combiner accompanied with aggregated CQI, where, however, the most JT gains are due to the aggregated CQI, not the combiner [3][8]. Moreover, combiner in rank 2 operation might require a higher number of bits, while also the frequency granularity of the phase information might be different than that of the per point PMI. When it comes to rank 2 CQI, it has been previously discussed that an aggregated CQI is needed as it is not clear how to derive the per stream JT CQIs from the per point rank 2 CQIs. 
Scheme support: sub-optimal coherent JT (due to the per point CQI),

Observation: 
· Phase/PMI inter-CSI-RS-resource information aids sub-optimally the coherent JT.
· Gains with phase inter-CSI-RS information are small compared to non-coherent JT.

Alt 3: CQI inter-CSI-RS-resource information only:

This type of feedback enables non-coherent JT transmission. While this is possible also without the inter-CSI-RS-resource CQI information, the aggregated CQI brings precision in MCS selection with respect to utilization of simultaneous precoded transmission from multiple points. In addition, aggregated CQI is accurate in providing rank 2 operation. 
Scheme support: optimal non-coherent JT 

Observation: 
· CQI inter-CSI-RS-resource information supports optimal non-coherent JT.
· Aggregated CQI is the main source of gain for non-coherent JT.
Alt 4: Phase and CQI inter-CSI-RS-resource information

This is the most rich feedback which obviously enables coherent/non-coherent JT. However this feedback is both sensitive to propagation delays and other imperfections and also may have a large overhead, especially if rank 2 is used while also the sub-band size could further increase the feedback load. Gains of such schemes are modest when compared to Alt 3, as shown in [8].
Scheme support: optimal coherent JT 

Observation: 
· Phase and CQI inter-CSI-RS-resource information experience the higher feedback load while also exposing the feedback to imperfections.
· Gains of such schemes are modest when compared to aggregated CQI information feedback only.
The above analysis provided several guidelines and hints on how the work could proceed in Release 11. From our simulation observations presented in previos papers, we noted limited gains from alternative 2 (+1.8% in scenario 2 [3], similar results being reported in [8], and +3% in scenario 3/4 [2]) while alternative 3 brings +16% coverage gain compared to Alternative 1. In terms of Alternative 1 as the only Rel 11 CoMP support, this is not an option from JT perspective where only limited CoMP coverage gain, of +4% has been observed. It has been also shown [8] that gains of alternative 4 are modest when compared to alternative 3.

The following concerns have been expressed in the previous meeting and should be taken as key design points of the CoMP schemes: 

· Feedback robustness to frequency and time domain synchronization

· Feedback overhead tradeoffs

· Feedback granularity of CQI/PMI as well as of inter-CSI-RS phase information

· Processing complexity and testing

· Feedback scalability in supporting rank 2 operation

· Overall gains of any feedback enhancements with respect to baseline CoMP scheme.
In the light of mentioned concerns and above discussion we summarize the following proposals:

Proposals:

· Inter-CSI-RS resource feedback is supported in the form of CQI

3 Conclusions

In this contribution we have discussed the feedback options for multi point transmission. Our observations and proposals can be summarized as follows.

Observation: 

· No inter-CSI-RS-resource information brings a basic CoMP support in Release 11. Such schemes should be the baseline when proposing further CoMP feedback enhancements.
· Phase/PMI inter-CSI-RS-resource information aids sub-optimally the coherent JT.
· Gains with phase inter-CSI-RS information are small compared to non-coherent JT.

· CQI inter-CSI-RS-resource information supports optimal non-coherent JT.
· Aggregated CQI is the main source of gain for non-coherent JT.
· Phase and CQI inter-CSI-RS-resource information experience the higher feedback load while also exposing the feedback to imperfections.
· Gains of such schemes are modest when compared to aggregated CQI information feedback only.
Proposals:

· Inter-CSI-RS resource feedback is supported in the form of a CQI
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