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1 Introduction

In 3GPP RAN #66bis meeting, a working assumption was agreed to standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 
In this contribution, we analyze inter-CSI-RS-resource feedback for CoMP.
2 Review on CoMP performance gain 
In TR36.819, CoMP performance evaluation for scenario 1 (intra-site 3-cells coordination) is provided. 

Table 1 CS/CB and JT averaged cell-edge gains over single cell SU/MU-MIMO in 3GPP case 1[1]
	
	2x2 Xpol FDD
	4x2 Xpol FDD
	2x2 Xpol TDD
	4x2 Xpol TDD
	8x2 Xpol TDD

	JT
	26.13%(7)*
	20.42%(7)
	36.94%(4)
	29.37%(4)
	16.09%(4)

	CS/CB
	4.35%(1)
	4.11%(4)
	8.66%(2)
	12.15%(2)
	10.51%(2)


* number of source in brackets

It is observed from the evaluation results that[2] 
· JT provides significant gain over SU/MU-MIMO in scenario 1 
· The gain of CS/CB in scenario 1 is not as high
In [3], we also provide the performance evaluation of coherent JT for scenario 1 with modelling of channel estimation errors, time synchronization errors and frequency synchronization errors.  It is observed from the evaluation results in [1][3] that
· Coherent JT is practical in scenario 1 
· Coherent JT is the only scheme that has been shown to provide significant gains in scenario 1  with realistically modeled impairments
Considering that a working assumption was agreed to standardise a common feedback/signalling framework suitable for all scenario that can support CoMP JT, DPS and CS/CB, we propose that 

· Coherent JT should be specified in Rel-11 with proper support.
3 Inter-CSI-RS-resource feedback for JT
In [4], we have analyzed the benefits of inter-CSI-RS-resource feedback. From the evaluations, it is shown that inter-CSI-RS-resource feedback is necessary for JT performance and 4 bits may provide a good compromise between performance and overhead for the feedback of the relative phase/amplitude offset information. 
Observation:

· Inter-CSI-RS-resource feedback is necessary for JT
Proposal:
· 4 bits to convey the inter-CSI-RS-resource relative phase/amplitude offset provide a good trade-off between overhead and performance.
In [5], the performance of JT with and without aggregated CQI feedback is evaluated. It is found that aggregated CQI provides only marginal gains over per-point CQI for JT.
Observation:

For JT, CQI computed with the assumption of single-point transmission is sufficient. There is no need to feedback an aggregated CQI with the assumption of JT.
In Table 2, we summarise the pros and cons of JT with respect to frequency synchronization errors. We can find that CQI is also unpredictable with non-coherent JT with frequency synchronization error.
Table 2 Summary of pros and cons of JT with respect to frequency synchronization errors

	Frequency synchronization accuracy
	CQI
	Coherent JT
	Non-coherent JT

	Good (*)
	Aggregated CQI
	Best (baseline)
	10% loss in average and edge thru (vs. 2 bit phase feedback) 
15% loss in average and edge thru (vs. 4 bit phase feedback)[4]

	
	Per-TP CQI 
(for the reference resource)
	Xpol: 2% loss (with OLLA) 
ULA: 0% loss (with OLLA) [5]
	worst

	Bad
	Aggregated or per-TP CQI
	Received SNR unpredictable; OLLA cannot help;
CQI report wrong
	Received SNR unpredictable; OLLA cannot help;
CQI report wrong


(*) e.g. at least 10x better than RAN4 requirements in Rel-8

Observation:

· Standard support for JT (whether coherent or non-coherent) should be designed assuming sufficiently accurate frequency synchronization

In[6], we proposed a hierarchical feedback for CoMP. In this structure, per-point RI/PMI/CQI could reuse RI/PMI/CQI defined in Rel-10. Long-term covariance matrix R and inter-point information W are new specification aspects that need to be defined in Rel-11. This common feedback framework with hierarchical structure aligns with the baseline proposal in the TR 36.819, in which CS/CB/DPS schemes could be supported by per-CSI-RS-resource feedback while the JT could be supported by per-CSI-RS-resource and Inter-CSI-RS-resource information to provide higher performance gain. 

[image: image1]
Figure 1 hierarchical feedback structure
From figure 1, we can see that both coherent JT and DPS require CQI/PMI/RI of serving point and PMI of each neighbour point, the difference is that DPS needs CQI for each neighbour point whereas coherent JT replaces the CQI of each neighbour point by the inter-point (i.e. inter-CSI-RS-resource) information. In table, we compare the overhead of DPS and coherent JT, assuming that PMI requires 4bits per feedback, CQI requires 4bits per feedback and inter-point information requires 4bits per feedback, 2 neighbour points are considered, RI overhead is ignored. From table3, we can find that the overhead of coherent JT is similar with DPS.
Table 3 overhead comparison between DPS and coherent JT
	
	DPS
	coherent JT

	PMI
	3*4 = 12 bits

(PMI of 3 points)
	3*4 = 12 bits

(PMI of 3 points)

	CQI
	3*4 = 12 bits

(CQI of 3 points)
	4 bits

(CQI of serving point)

	inter-point
information
	0 bit
	2*4 = 8 bits

(inter-point information
of 2 neighbour points)

	total
	24 bits
	24 bits


Proposals[7]
· Rel-11 CoMP CSI feedback supports reporting inter-CSI-RS-resource feedback on top of per-CSI-RS-resource feedback.

· Inter-CSI-RS-resource feedback includes phase information.

· Inter-CSI-RS-resource feedback reporting is configurable.

· When configured, N bits are used to report the inter-CSI-RS-resource feedback between two per-CSI-RS-resource feedback.

· N = 4
4 Conclusion

In this contribution, we analyzed the necessity of inter-CSI-RS-resource feedback for coherent JT.
Observation:

· Coherent JT is the only scheme that has been shown to provide significant gains in scenario 1  with realistically modeled impairments
· Inter-CSI-RS-resource feedback is necessary for JT
· For JT, CQI computed with the assumption of single-point transmission is sufficient. There is no need to feedback an aggregated CQI with the assumption of JT.
· Standard support for JT (whether coherent or non-coherent) should be designed assuming sufficiently accurate frequency synchronization.
Proposal:
· Rel-11 CoMP CSI feedback supports reporting inter-CSI-RS-resource feedback on top of per-CSI-RS-resource feedback.

· Inter-CSI-RS-resource feedback includes phase information.

· Inter-CSI-RS-resource feedback reporting is configurable.

· When configured, N bits are used to report the inter-CSI-RS-resource feedback between two per-CSI-RS-resource feedback.

· N = 4
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