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Introduction
In RAN1#67 CSI feedback for CoMP was discussed and the following agreement was reached: 
·  CSI feedback for CoMP uses at least per-CSI-RS-resource feedback
In RAN1#68 aggregated CSI feedback for CoMP was discussed but no agreement was reached. Regarding the specification of inter-point phase feedback the following was noted:

Concerns:

· Mediatek: Aggregated CQI is more important

· Docomo: Can’t find the gain of inter-CSI-RS phase information

· NSN: Feasibility of freq- and time-domain synchronisation, and feedback overhead

· Nokia: Mixing inter-CSI-RS phase feedback with granularity of CQI/PMI

· E///: Vastly expanded overhead with high ranks and frequency selectivity

· \ST-E: Same gain achieved with incoherent JT

· MotM: Aggregated CQI is more important; overhead

· TI: Processing complexity and testing 

· Renesas: Lack of gains across scenarios 1 and 4; rank 2 operation needs clarification
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Considerations on aggregated CSI feedback
In this section we present our views on specifying aggregated CQI feedback for CoMP, specifically on aggregated PMI, aggregated CQI and aggregated RI feedback.
Aggregated PMI: The intention of aggregated PMI feedback is to provide inter-point phase feedback to the eNB. This information is needed for optimized operation of coherent JT. 
Typically it is assumed that inter-point phase is a scalar that is able to co-phase transmission between two transmission points for all ranks. Our views on this topic are presented in detail in [1]. In summary it is pointed out that firstly the benefit and accuracy of inter-point phase feedback with realistic impairments is questionable.
In [2] it is also shown that inter-point phase information could be obtained by an eNB by configuring one CSI-RS resource over multiple TPs, in particular if this CSI-RS resource includes 2 APs from two TPs separately, 2Tx PMI feedback is able to capture the inter-point phase information. A UE doesn’t need to know the number of transmit antennas per TP to derive the inter-point phase. This provides a way for the network to obtain inter-point phase information with the current agreement of per CSI-RS resource feedback without additional specification changes.  
As shown in Table 1 under ideal assumptions (no timing/frequency error or propagation delay difference modelled) the benefit of inter-point phase feedback is limited to ~2% in cell-edge. Similar conclusions hold for the cases of with or without aggregated CQI feedback. 
Observation: The benefit of inter-point phase feedback under ideal conditions is small and with realistic impairments potentially there is no benefit.

Aggregated CQI: Aggregated CQI has been proposed as a method for optimizing JT and is applicable to JT with or without inter-point phase information. In this context it may be noted that JT CoMP operation is already feasible with per-CSI-RS resource feedback. UE-specific configurable interference measurement resources have been agreed in Rel-11. This means that CQI can be determined by excluding the interference from inside the CoMP measurement set. In other words, the interference part of CQI can reflect the JT-CoMP transmission even without aggregated CQI. Aggregated CQI can only help to optimize the desired signal part corresponding to the CoMP transmission mode. From our experience of beamforming, it’s much easier for a eNB to compensate the signal part than the interference part. Therefore, we can consider an eNB capable of estimating JT MCS from per-CSI-RS resource CQI reports calculated using interference measurement resources configured as stated above.
As shown in Table 1 the loss due to the absence of aggregated CQI ranges in the order of 1-2.5% in cell-edge SE.
Aggregated Rank: The discussion on aggregated rank feedback is related to aggregate CQI feedback. It is necessary to have a rank hypothesis to interpret the aggregated CQI. Also the reliability of a rank report needs to be high considering many CQI reports that may depend on it. It may also be noted that if interference measurement resources are configured in a way that enables a UE to measure interference from outside the CoMP measurement set (as stated above), the per-CSI-RS resource rank feedback can provide a good estimate of aggregated rank.

Table 1: JT Simulation Results different cases of inter-point phase feedback and aggregated CQI 
	Case
	Feedback description
	Cell-average SE
	Cell-edge SE

	1
	aggregated CQI/RI + inter-point θ (4bits)
	2.26

(baseline)
	0.079

(baseline)

	2
	aggregated CQI/RI + inter-point θ (2bits)
	2.26

0%
	0.079

0%

	3
	aggregated CQI/RI (no inter-point θ)
	2.25

-0.44%
	0.077

-2.53%

	4
	Per-point CQI/RI + inter-point θ (4bits)
	2.25
-0.44%
	0.077
-2.53%

	5
	Per-point CQI/RI + inter-point θ (2bits) 
	2.24

-0.88%
	0.077
-2.53%

	6
	Per-point CQI/RI (no inter-point θ) 
	2.24
-0.88%
	0.076
-3.79%


Observation: CQI/RI obtained from per-CSI-RS resource feedback can be used to determine MCS/rank for JT in a implementation specific manner without significant loss of performance
3 
Conclusion
In this contribution we analyze the pros and cons of aggregated CSI feedback and provide our views:
· Observation: The benefit of inter-point phase feedback under ideal conditions is small and with realistic impairments potentially there is no benefit.

· Observation: CQI/RI obtained from per-CSI-RS resource feedback can be used to determine MCS/rank for JT in a implementation specific manner without significant loss of performance
References

[1] R1-121273, On the need for inter CSI-RS resources feedback，Nokia Siemens Networks, Nokia, RAN1#68bis
[2] R1-121272, Transparent support for inter-CSI-RS resource phase feedback, Nokia, Nokia Siemens Networks, RAN1#68bis
[3] R1-120404, CSI feedback scheme for Rel-11 CoMP, NTT DoCoMo, RAN1#68
Table 2: Simulation Assumptions

	Parameter
	Value

	Deployment scenario
	Scenario 1

	Channel model
	Urban Macro high spread 3kmph

	Antenna configuration
	4x2 XP

	Feedback
	Rel-8 feedback for per-CSI-RS resource, aggregated CQI/RI (optional), inter-point phase (optional)

	Size of UE specific cooperating set
	2

	Receiver
	MMSE

	Interference measurement
	Configured to measure interference from outside the CoMP measurement set

	JT link adaptation with per point CQI
	CQIJT = (CQI1+ CQI2+√CQI1*√CQI2)*Δ where CQI1 is the per-point CQI for TP1, CQI2 is the per-point CQI for TP2 and delta is an empirical adjustment factor fixed at 0.5. The usual outer loop link adaptation is also enabled.


