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1 Introduction

In RAN1#66bis, the following working assumption on the CSI feedback was agreed:

· 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 

Note that use of SRS may be taken into account when reaching further agreements on the above.

Among all the feedback schemes, it was agreed in RAN1#67 that at least per-CSI-RS-resource feedback is used for CoMP CSI feedback.  The way forward proposal [4] has been discussed in RAN1#68 but no agreement was reached due to various concerns from companies captured in [5].
In this contribution, we discuss inter-CSI-RS resource feedback and present our views on it. We also provide our system level results and some solutions to feedback the inter-CSI-RS resource with the tradeoff among performance, overhead and specification impact.
2 Inter-CSI-RS Resource Feedback for JT
2.1 Necessity of the Inter-CSI-RS resource phase feedback
Per-CSI-RS resource feedback has been agreed to be a baseline for CoMP for its flexibility on supporting of all CoMP schemes, i.e. DPS/DPB, CS/CB and non-coherent JT. Inter-CSI-RS resource phase feedback enables coherent JT and better supports MU-JT by providing more spatial channel information together with per-CSI-RS resources PMI.  Simulations from multiple sources [2][7-9] have shown that coherent JT achieves gain over the non-coherent JT which can’t be neglected.  From the study in [10], it is also reasonable to assume that sufficient accuracy of time and frequency synchronization among TPs at least in intra-eNB JT cases.  
Aggregated CQI is another kind of cross-TP information with assumption of joint-transmission. From our observation in [2], the gain obtained from aggregated CQI alone is lower than that of the inter-CSI-RS resource phase feedback. It is also observed that inter-CSI-RS resource phase feedback together with aggregated CQI can achieve further gain.  When JT rank is 2, aggregated CQI seems to have more benefit from the observations in [11, 12].  Moreover, it is easier in terms of setting up testing for inter-CSI-RS phase feedback if we have aggregated CQI.  
Observation 1:  Coherent JT with inter-CSI-RS-resource phase information clearly provides performance advantage over non-coherent JT at least in the intra-site scenarios.  

Observation 2:  Aggregated CQI can be supported together with inter-CSI-RS-resource phase feedback for further performance gain and better testing purpose.  
2.2 Methods of the Inter-CSI-RS resource phase feedback
The feedback method of the inter-CSI-RS resource phase and aggregated CQI should take the tradeoffs among performance, overhead and standardization impact into account.   In this section, we discuss two different methods of supporting inter-point phase feedback.  Here we give an example of supporting coherent JT across two 2Tx transmission points.
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Figure 1 CSI-RS configuration for inter-point phase feedback
Method 1 - Non-transparent configuration for inter-point phase feedback 
Two 2Tx CSI-RS resources (each corresponding to a TP) are configured to the CoMP UE. On top of per-CSI-RS resource feedback, the UE also derives inter-point phase based on these two CSI-RS resources.  In this case, derivation and feedback of inter-point phase is non-transparent to the UE.

Method 2 - Transparent configuration for inter-point phase feedback 

Three 2Tx CSI-RS resources are configured to the CoMP UE. Two of the CSI-RS resources correspond to two physical TPs.  The third one is configured by extracting one of the two ports from each TP together to form one 2Tx CSI-RS resource.  
We compare these two methods in terms of performance, system overhead and standardization impact.

Performance 

System-level simulations were done to compare performance of these two methods and the results are given in Table 1.  It is observed that about 2% degradation on cell edge performance if the transparent method is used comparing with the non-transparent approach for both with and without aggregated CQI cases.
Table 1:  Performance of JT with different feedback schemes for scenario 1 with 2x2 XPOL 
	
	Complementary feedback
	Cell average SE 
bps/Hz
	Cell edge SE 
bps/Hz
	Average CoMPUE SE
bps/Hz

	Per-point CSI for JT
	non-coherent JT

   
	1.946

(0%)
	0.0444

(0%)
	0.996

(0%)

	
	Coherent JT with  inter-point phase (non-transparent)
	1.97
(1.23%)
	0.0503
(13.29%)
	1.248
(25.3%)

	
	Coherent JT with  inter-point phase (non-transparent)+ aggregated CQI 
	1.956
(0.53%)
	0.052
(17.12%)
	1.29
(29.5%)

	
	Coherent JT with  inter-point phase (transparent)
	1.96
(0.71%)
	0.0495
(11.52%)
	1.131
(13.53%)

	
	Coherent JT with  inter-point phase (transparent)+ aggregated CQI 
	1.947
(0.07%)
	0.0509
(14.68%)
	1.245

(25.01%)


The observed performance degradation is mainly due to the difference of inter-point phase derivation of these two methods. For non-transparent method, two PMIs and inter-point phase are chosen together based on the maximum throughput criteria.  For transparent method, inter-point phase is chosen independently just like regular per-CSI-RS resource feedback.  

Overhead 
The transparent method requires more CSI-RS resource overhead.  The extra overhead may not be a too much issue for scenario 1.  However, it may not be negligible on other scenarios like scenario 4 when combination of CoMP transmission points is much more.  
For the feedback overhead, both methods can be similar depending on there is a special design on the feedback modes for the transparent approach.  In [4], 2-bit phase feedback for rank-1 is acceptable to co-sourcing companies.  Frequency selective phase should be supported for rank-1.  Same subband PMI feedback modes (e.g. PUSCH 1-2) can be re-used.  Multi-point feedback itself can increase uplink overhead. The increase of phase feedback can be seen as adding overhead of feedback of an additional point.   Like multi-point feedback, it is up to network side to decide when the uplink load can afford more uplink overhead for inter-CSI-RS phase feedback.  

Standardization impact

Potential standardization impact of introducing inter-point phase feedback can be seen in the following aspects:
a. CSI-RS configuration for CSI feedback
For the transparent method, CSI feedback can be done on per-CSI-RS resource basis.  The only impact can be the size of CoMP measurement set.  For the non-transparent method, extra standardization effort is needed to define which CSI-RS ports from multiple CSI-RS resources are used for inter-point phase derivation.
b. Derivation of inter-point phase

For the transparent method, derivation of inter-point phase can be the same of derivation of per-point PMI if the same Rel-8 2Tx codebook is used.  It can be done independently based on the maximum throughput criteria with each CSI-RS resource. (e.g. the 3rd CSI-RS) 
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The inter-point phase ɸ can be obtained from network side based on PMI3.
If aggregated CQI is supported on top of this transparent approach, it can be either derived from based on two PMIs corresponding to the two TPs, i.e.
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or based on three PMIs:
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which basically represent aggregated CQI for non-coherent JT and coherent JT respectively.

For non-transparent method, phase can be derived based on the following maximum throughput criteria which is related to PMIi corresponding to the per-point PMI of ith TP.

[image: image7.wmf])

,

,

(

max

}

,

{

2

1

2

3

PMI

PMI

w

Thput

CQI

PMI

TxCB

w

aggregated

Î

=

            
[image: image8.wmf](2.4)

CQI obtained in this case is the aggregated CQI considering two TPs.  
c. Testing

For the transparent method, testing for per-CSI-RS resource feedback can be used.  However, if aggregated CQI is supported, extra effort is needed to define test cases for aggregated CQI with multiple per-CSI-RS resources.
For the non-transparent method, extra effort is needed to investigate how inter-point phase can be tested alone.  If aggregated CQI is supported, similar effort as the transparent approach is needed to test inter-point phase feedback and aggregated CQI together.
d. Feedback design
For the transparent method, number of CSI feedbacks is the same as number of CSI-RS resources.   For the non-transparent method, number of CSI feedbacks can be less than number of CSI-RS resources. 
   With aggregated CQI, for both cases we can consider to feed back the following CSIs: 

CSI feedback 1 for TP1= {RI1, PMI1, CQI1}
CSI feedback 2 for TP2 = {RI2, PMI2, CQI2}

CSI feedback 3 for inter-point phase= {RI3 or fixed RI, PMI3, CQIaggregated}
Considering above analysis on performance, overhead and standardization impact, it seems that the differences between two methods are not big if aggregated CQI is supported.

Observation 3:  If aggregated CQI is supported, extra standardization effort to support inter-point phase is small.
It was agreed in [1] that JT is one of the CoMP schemes to focus on for standardization of CoMP.  Some companies observed gain from aggregated CQI for JT and some other companies observed more gain from inter-point phase.  Noting that there are some common standardization points for both feedback schemes, it is reasonable to support both.  Otherwise there is a risk that reasonable JT performance can’t be achieved in Rel-11 if none of them is introduced.  
Proposal:  Both inter-point phase and aggregated CQI should be supported for better JT performance.  If standardization effort is a concern, more transparent way of supporting inter-point phase can be considered.
3 Conclusion
In this paper, we present our views on supporting inter-CSI-RS feedback.  Our observations and proposal can be summarized as below:
Observation 1:  Coherent JT with inter-CSI-RS-resource phase information clearly provides performance advantage over non-coherent JT at least in the intra-site scenarios.  

Observation 2:  Aggregated CQI can be supported together with inter-CSI-RS-resource phase feedback for further performance gain and better testing purpose.  

Observation 3:  If aggregated CQI is supported, extra standardization effort to support inter-point phase is small.
Proposal:  Both inter-point phase and aggregated CQI should be supported for better JT performance.  If standardization effort is a concern, more transparent way of supporting inter-point phase can be considered.
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Appendix  
Table A1: SLS simulation assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB (0.5 λ spacing)  

Receiver: 2Rx cross-polarized antenna at UE

Antenna tiltetilt 15 degree, 3D antenna pattern

	CQI/PMI reporting interval and frequency granularity 
	5ms

6RB/Subband

	Feedback scheme
	 For  CoMP UEs, 4bit CQI + 2bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2 or 4bits PCI: phase with π/2 resolution) or aggregated CQI (4bit). 

For non-CoMP UEs, Rel-8 RI/CQI/PMI is reported.

	Granularity of PMI and CQI feedback
	Sub-band PMI/CQI/ PCI

	CoMP scheme
	Joint Processing

	Threshold for cell-edge UE selection
	6 dB

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-Ideal channel measurements with CSI-RS,
Non-ideal DMRS for data demodulation.

Channel estimation error modeling is used 


[image: image9.wmf]°

(

)

a

=+

HHE




� EMBED Visio.Drawing.11  ���








[image: image10.wmf]_1393587776.unknown

_1393589756.unknown

_1393589869.unknown

_1393589947.unknown

_1393589653.unknown

_1393576845.vsd

_1393577931.vsd
CRS


DMRS


CSI-RS resource 1
CSI-RS of TP1


CSI-RS resource 3 inter-point phase


CSI-RS reource 2 CSI-RS of TP2



_1393497184.unknown

