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1 Introduction
Agreement from RAN1#67 is to use at least per-CSI-RS-resource feedback for CoMP transmission. It was heavily debated that if inter-CSI-RS-resource feedback is needed to support JT. While most previous contributions focus on this additional feedback assuming rank-1 transmission, in this contribution we discuss the inter-CSI-RS-resource feedback and PMI/CQI feedback supporting rank-2 CoMP.
2 Rank-2 CoMP transmission Support
It was reported in [1] and [2] that rank-2 transmission may be preferred for CoMP UEs, especially when cross-polarized antenna array is equipped. For cell-edge users, although with high probability they suffer from interference seriously, CoMP-schemes are helpful to mitigate the inference by proper scheduling, muting the interference, or even turning the interference into desired signals. As a result, the SINR level and the condition of the CoMP compound channel might be good enough to support rank-2 transmission. For the non-CoMP UEs, rank-2 transmission is still possible when cross-polarized antenna array is used. 
In our view the relationship between rank-2 CoMP transmission and inter-CSI-RS-resource feedback is established as below:

· Inter-CSI-RS-resource feedback can be deemed, in a broad sense, as any feedback that assume some kind of inter-CSI-RS-resource relationship in transmission, rather than just a narrow-sense scope of inter-CSI-RS-resource phase or amplitude relationship feedback.
· CoMP rank-2 transmission scheme assumes a certain inter-CSI-RS-feedback relationship based on which a UE can determine whether rank-2 feedback is preferred or not

· Aggregate CQI is important to rank-2 since the CQI for each TB is a function of the receiver type (e.g., successive interference cancellation). 
Here we discuss the inter-CSI-RS-resource feedback for rank-2 CoMP transmission. The feedback reports should depend on UE’s understanding on how the two streams are transmitted which includes two schemes: 
· Scheme-1: at least one data stream is jointly transmitted by two or more TPs
· 1a: the same two TBs are sent from each of the TP
· 1b: at least one TP transmits 2 TBs but not all TPs 
· Scheme-2: each of the two data streams is transmitted by a single TP (two-TP case only, otherwise covered by scheme-1)
To simplify the discussion we suppose there are only two TPs corresponding to two CSI-RS-resources indexed by 0 and 1. The received signal can be expressed as
Scheme-1a:
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Scheme-2:
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In (1)-(4), Hi is the channel response of the link between UE and the TP corresponding to the i-th CSI-RS-resource. Actually scheme-1b can be represented by the same equation as in scheme 1a, if we allow for example 
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so that TP#1 transmits only xa. In the same sense, scheme-2 can be considered as a degenerated case of scheme-1a.
Next let us discuss the associated PMI and aggregated CQI for both transmission schemes:  
· For scheme-1a or scheme-1b: 
· Method #1: Feed back rank-unrestricted per-CSI-RS-resource PMI. Aggregated CQI can be computed based on the assumption that recommended rank and PMI is adopted (with or without inter-CSI-RS-resource phase).
· Method #2: Feed back rank-restricted per-CSI-RS-resource PMI, where the rank is the same across all or at least two designated TPs.  Aggregated CQI can be computed based on the assumption that recommended rank and PMI is adopted (with or without inter-CSI-RS-resource phase).
· Method #3: For each layer, feed back aggregated PMI based on the designated TP(s) (signaled for example). Aggregated CQI is based on the transmission scheme (inter-CSI-RS-resource phase is embedded in aggregated PMI). 
For scheme-1, since at least a layer is sent from multiple TPs, inter-CSI-RS-resource feedback will involve inter-point phase. i.e., inter-point phases 
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for xa and/or xb could be additionally fed back for method #1 and #2. From (4), it is clear that inter-point phase information may be needed when the streams (xa and xb) are jointly transmitted by multiple TPs. In contrast to rank-1 JT case, such a phase adjustment takes care of not only the signal alignment of each layer but also the spatial separation between the two layers.
In contrast to scheme-1, scheme-2 needs much less CSI feedback and does not need co-phasing information among TPs, because each stream is transmitted independently by a single TP. The computation complexity of PMI/CQI for scheme-2 is less compared to that for scheme-1. Scheme-2 is also attractive for a loose synchronization requirement. However scheme-2 is limited to transmission from 2 TPs only. If there are 3 or more TPs, either only 2 TPs are selected or a layer will be sent from 2 or more TPs as in scheme-1.
Unlike rank-1 JT, it is difficult to accurately estimate the aggregated CQI for rank-2 JT from the per-CSI-RS-resource CQI, no matter which scheme is adopted (all methods including method #1 & #2 even without any need of inter-point phase feedback). Per-CSI-RS-resource CQI reports are calculated under some assumption on the interference TPs within CoMP measurement. The assumption could be, for example, the interference TPs within CoMP measurement are muted, or PMIs of the interference TPs are uniformly distributed, etc. On the other hand, the aggregated CQI feedback, which is calculated based on the receiver algorithm demodulating the two transmitted streams, is more accurate to reflect the receiver performance than the CQI prediction based on the per-point CQI feedback, which treats other-layer signal as interference under certain assumptions. 
Proposal:

· While per-CSI-RS-resource PMI might be reusable for rank-2 CoMP transmission, additional aggregated CQI is still required. 
· Rank-2 CoMP transmission scheme supported can choose from the two options, based on which the aggregated CQI (rank-2) is computed at the UE.

· Option-1: Each TP transmits one-layer or two-layer, assuming rank-unrestricted or rank-restricted per-CSI-RS-resource rank feedback is adopted, with or without inter-CSI-RS-resource phase information. 

· Option-2:   Each layer is sent from only one TP. Different TB for different layer. 

· Note that option-1 can be applied to any number of TPs while option-2 is restricted to two-TP transmission.
3 Rank-2 CoMP transmission – Simulation Results

To provide evidence for the benefit of rank-2 CoMP JT, we perform a system-level-simulation under the setting of co-polarized antenna configuration, which is supposed not so suitable for rank-2 transmission for non-CoMP case. Nevertheless, we just want to see that, due to the SNR improvement only, the throughput gain by supporting rank-2 CoMP transmission. In this simulation, per-CSI-RS-resource PMIs are reused for both rank-1 JT and rank-2 JT, while aggregated CQI is additionally fed back. A CoMP-UE might be either served by rank-1coherent JT or rank-2 JT (scheme-2). Other detailed simulation parameters are left in Appendix. We can see that rank-2 CoMP scheme still brings some gain for cell-edge users.
	Hetnet Scn-3; configuration 1 for UE dropping

	Rank-n JT-CoMP
	Average total throughput (macro+4RRH) 
	50% Cell Median User
	5% Cell Edge User

	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps)
	Gain (%)

	Rank-1 JT-CoMP
	100.51
	0.00
	2.90
	0.00
	0.75
	0.00

	Rank-1/2 JT-CoMP
	101.20
	0.69
	2.97
	2.36
	0.81
	8.03


Observations:
· Allowing rank-2 CoMP can increase the cell-edge throughput by 8%.
4 Conclusions
This work discusses the inter-CSI-RS-resource feedback and PMI/CQI feedback supporting rank-2 CoMP.  Our view is:
· Allowing rank-2 CoMP can increase the cell-edge throughput by 8%.
· While per-CSI-RS-resource PMI might be reusable for rank-2 CoMP transmission, additional aggregated CQI is still required. 
· Rank-2 CoMP transmission scheme supported can choose from the two options, based on which the aggregated CQI (rank-2) is computed at the UE.

· Option-1: Each TP transmits one-layer or two-layer, assuming rank-unrestricted or rank-restricted per-CSI-RS-resource rank feedback is adopted, with or without inter-CSI-RS-resource phase information. 

· Option-2:   Each layer is sent from only one TP. Different TB for different layer.
· Note that option-1 can be applied to any number of TPs while option-2 is restricted to two-TP transmission.
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Appendix 
Table: Simulation assumptions
	Parameter
	Settings

	System bandwidth 
	10 MHz (2 GHz)

	Subframe (TTI) length 
	1 msec

	Duplex
	FDD

	Cell layout
	19 macro-cells, 3 cells per Macro-cell; wrap round is used;

 4 lower power nodes per cell

	Macro-cell ISD (Inter-site distance)
	500 m

	Backhaul
	Point-to-point fiber,  zero latency and infinite capacity

	Deployment scenarios
	· SU-JT-CoMP in CoMP Scenario 3 with configuration 1
· Coordination area: 3Marco + 12RRH

	MeNB and low-power RRH TX powers
	46 dBm and 30 dBm

	Number of UEs per cell and macro cells
	30 and 57

	Channel estimation
	Ideal

	Channel model
	3GPP Case 1: UMa for Macro and UMi for RRH

	Network synchronization
	Synchronized

	eNB antenna configuration
	2TX ULA with 0.5 λ separation. 
3D pattern with 12° electric downtilt

	RRH antenna configuration
	2TX ULA with 0.5 λ separation. 
2D pattern, Omni-directional 

	UE antenna configuration
	2 RX ULA with 0.5 λ separation

	Scheduler
	Proportional fair scheduling


	Feedback scheme
	CSI feedback (subband PMI, wideband CQI report) for JT CoMP
· Option 1: 2-bit co-phasing component for each non-anchor cell is reported or not
· Option 2: 4-bit aggregated CQI for JT-CoMP UEs is also reported or not
· Feedback periodicity is 5 ms 

	Criteria for CoMP 
	RSRPserving cell – RSRPcoordinating cell < 9 dB, and 
size of CoMP measurement set ≦2

	UE Receiver
	MMSE-IRC (R1-110586)

	Control OFDM symbols 
	3

	Traffic model
	Full buffer
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