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1. Introduction

At the RAN 1 #66bis, #67, and #68bis meetings, agreement was reached on the following items for CSI feedback in Rel-11 CoMP.

· Common feedback/signaling 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 schemes
· 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
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback

· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11.

In this contribution, we investigate the possible schemes for CSI feedback in Rel-11 CoMP especially focusing on PUCCH feedback. 
2. PUCCH Feedback for Rel-11 CoMP
CA based PUCCH feedback in Rel-10 is an example of the multiple CSI feedback for one UE. The multiple CSI feedback in Rel-10 CA based PUCCH feedback are independently configured. Some dropping rules are designed to constraint one CSI feedback in one subframe. The CSI dropping rules may cause some drawbacks such as CSI feedback delay and performance loss. To overcome these drawbacks, many CoMP feedback schemes were investigated [1-9], and some discussions are also ongoing in the Rel-11 CA WI [10-12].
The following is a summary of the proposed schemes for periodic PUCCH feedback for Rel-11 CoMP.
· Alt. 1: One CSI feedback per PUCCH, one PUCCH feedback per subframe, and Rel-10 CA-like PUCCH configuration 
A UE is allocated a single PUCCH to carry the CSI feedback for one CSI-RS-resource per subframe by exploiting Rel-10 CA-like PUCCH configuration. CSI feedback of multiple CSI-RS-resources is multiplexed in the time domain. This CA-like feedback reuses the current periodic PUCCH feedback framework so that effort toward standardization would be small, and the same PUCCH coverage could be achieved as that for Rel-10. However, there might be some performance loss due to CSI feedback delay and CSI dropping.
· Alt. 2: Multiple CSI feedback per PUCCH, one PUCCH feedback per subframe, and PUCCH format with a large payload size, e.g., PUCCH format 3
CSI feedback of multiple CSI-RS-resources is bundled into a single PUCCH by exploiting the large payload size, e.g., PUCCH format 3. In this alternative, the CSI feedback delay can be shortened, CSI dropping can be avoided, and the UL capacity can be conserved. On the other hand, it will require effort to specify new PUCCH formats, and PUCCH coverage would be reduced compared to that of Alt. 1.
· Alt. 3: One CSI feedback per PUCCH, multiple PUCCHs per subframe, and CDM/FDM with existing PUCCH format 2/2a/2b
In this alternative, a UE is allocated multiple PUCCHs per subframe, and CDM or FDM-based PUCCH multiplexing is applied to the existing PUCCH format 2/2a/2b. CSI delay reduction and CSI dropping avoidance may be beneficial in this alternative. Issues regarding PAPR would emerge for both FDM-based and CDM-based PUCCH multiplexing, while the number of PUCCHs on the same PUCCH region by CDM may be restricted due to the consumption of orthogonal sequences. Similar to Alt. 2, PUCCH coverage would be reduced compared to that of Alt. 1.
Table I summarizes the pros and cons of the three alternatives.

Table I – Pros and cons of each CoMP feedback Scheme
	Alternative
	Description
	Pros
	Cons

	Alt. 1
	· One CSI/PUCCH, one PUCCH/subframe
· Rel-10 CA-like independent PUCCH configuration
	· Little standardization efforts

· PUCCH coverage
	· Performance loss due to feedback delay and CSI dropping



	Alt. 2
	· Multi-CSI/PUCCH, one PUCCH/subframe

· PUCCH format with large payload size (e.g., PUCCH format 3)
	· Reduced CSI dropping and delay
· Saved UL capacity
	· Standard efforts to specify new PUCCH formats

· Reduce PUCCH coverage

	Alt. 3
	· One CSI/PUCCH, multi-PUCCH/subframe

· CDM/FDM with existing PUCCH format 2/2a/2b
	· Reuse existing PUCCH formats 
· Reduced CSI dropping and delay
	· Standard efforts to specify the extra PUCCH resources

· Issues of PAPR and orthogonal resources
· Reduce PUCCH  coverage


3. Performance Evaluation of PUCCH Feedback Mode 1-1
In this section, we investigate the system performance of PUCCH feedback mode 1-1 to see it there is a need for wideband PMI and wideband CQI feedback besides wideband PMI and subband CQI (PUSCH feedback mode 3-1) for dynamic point selection with dynamic point blanking (DPS/DPB).
We evaluate the system throughput performance in Scenario 2 for different CoMP measurement set sizes. The CoMP coordinating set size of nine transmission points (TPs) is assumed, and CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on a comparison of the downlink average received power from multiple TPs. More specifically, if the difference between the signal power from the serving TP and that from other TPs within the CoMP coordinating set is lower than a given threshold (10 dB), the UE is determined to be a cell-edge UE. Each cell-edge UE selects the UE-specific coordinated TPs within the CoMP coordination set. We assume that the cell-edge UEs employ feedback of both CoMP and non-CoMP, while the other UEs employ non-CoMP feedback only. More detailed simulation assumptions are listed in the Appendix (Table III). 
The CoMP feedback includes the following contents:
· Index of the selected point with the highest instantaneous SINR

· PMI of the selected CSI-RS resource

· CQI of the selected CSI-RS resource considering the interference from outside CoMP transmission points

· PMI and CQI of the serving CSI-RS resource 

Table II gives the performance evaluation results assuming 2x2 antenna configuration in full buffer traffic model. The simulation results show the following.
· With PUCCH feedback mode 1-1, DPS/DPB achieve approximate gains of 3-5% in terms of the cell average throughput and gains of 39-42% in terms of the cell edge throughput compared to single-point transmission. 
Table II –Full Buffer Simulation Results with 2x2 Antenna Configurations
	Feedback Mode
	Transmission Scheme
	Average Cell
	5% Cell-Edge UE

	
	
	Throughput (Mbps)
	Gain compared to single TP (%)
	Throughput (Mbps)
	Gain compared to single TP (%)

	PUSCH
3-1
	Single point with
SU-MIMO
	1 TP

	20.0
	0.0
	0.342
	0.0

	
	DPS/DPB with
SU-MIMO
	2 TPs

	20.1
	0.5
	0.417
	21.9

	
	
	3 TPs

	20.2
	1.0
	0.452
	32.2

	PUCCH
1-1
	Single point with
SU-MIMO
	1 TP

	16.1
	0.0
	0.222
	0.0

	
	DPS/DPB with
SU-MIMO
	2 TPs

	16.7
	3.7
	0.309
	39.2

	
	
	3 TPs

	16.9
	5.0
	0.316
	42.3


4. Summary
In this contribution, we summarized and compared the following three alternative CSI feedback schemes based on the periodic PUCCH for Rel-11 CoMP:

· Alt. 1: One CSI feedback per PUCCH, one PUCCH feedback per subframe, and Rel-10 CA-like PUCCH configuration
· Alt. 2: Multiple CSI feedback per PUCCH, one PUCCH feedback per subframe, and PUCCH format with large pay load size, e.g., PUCCH format 3
· Alt. 3: One CSI feedback per PUCCH, multiple PUCCHs per subframe, and CDM/FDM with existing PUCCH format 2/2a/2b 
We also provided the performance evaluation results of DPS/DPB with periodic PUCCH feedback mode 1-1. The results show that DPS/DPB yields a large gain over single-point SU-MIMO transmission even with wideband PMI and wideband CQI feedback.
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Appendix: Simulation Assumptions
Table III – Simulation Assumptions

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	Cross-polarized antenna
eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)

UE: 0.5 wavelengths 2 Rxs:  X (+45/-45)

	Channel model
	SCM-UMa with high angular spread

	Traffic model
	Full buffer

	UE moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)
64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI
PUCCH Mode 1-1: Wideband PMI, wideband CQI

	CoMP scheme 
	DPS/DPB

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal without a priori PDP information

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)
DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS (2 REs per RB per 10 ms for 2 antenna ports)

CSI-RS with muting for CoMP (18 REs per RB per 10 ms for 2 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling in other TPs

	Handover hysteresis
	3 dB

	Coordinating cluster size
	9 TPs

	Maximum number of CoMP measurement set sizes
	2 and 3

	Number of UEs per macrocell coverage area
	10

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No
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