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1. Introduction

At the RAN 1 #66bis and #67 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
In this contribution, we present our system performance evaluation results on joint processing (JP), including joint transmission (JT) and dynamic point selection (DPS) / dynamic point blanking (DPB) in Scenario 2. More specifically, JT with different feedback assumptions, e.g., with and without aggregated inter-CSI-RS-resource CQI and inter-CSI-RS-resource phase information, are investigated.
2. Evaluated CoMP Schemes
2.1. CoMP Schemes and CSI Feedback
Table I summarizes our evaluated CoMP schemes and CSI feedback. For JT CoMP, we assume various kinds of CSI feedback. Details regarding the CQI update method at the eNodeB for JT CoMP are described in the Appendix. For DPS/DPB, the index for the CSI-RS-resources is selected based on the highest instantaneous wideband SINR.
Table I – CoMP Schemes and CSI Feedback

	CoMP Scheme
	CSI Feedback

	
	Per-CSI-RS-resource feedback
	Inter-CSI-RS-resource feedback
	Feedback aggregated across multiple CSI-RS resources

	Single point transmission
	· Serving CSI-RS-resource PMI and CQI
	-
	-

	JT
	Scheme 1
	· Per-CSI-RS-resource PMI

· Per-CSI-RS-resource CQI with interference out of CoMP transmission points
· Serving CSI-RS-resource CQI
	-
	-

	
	Scheme 2
	· Same as Scheme 1
	·  2 bit wideband phase information
	-

	
	Scheme 3
	· Same as Scheme 1
	· 4 bit wideband phase information
	-

	
	Scheme 4
	· Same as Scheme 1
	· 4 bit subband phase information
	-

	
	Scheme 5
	· Per-CSI-RS-resource PMI

· Serving CSI-RS-resource CQI
	-
	· Aggregated CQI across multiple CSI-RS resources

	DPS/DPB
	· PMI of the selected CSI-RS-resource 

· CQI of the selected CSI-RS-resources with the interference out of CoMP transmission points 
· Index of selected CSI-RS-resource with highest instantaneous wideband SINR

· Serving CSI-RS-resource PMI and CQI
	-
	-


2.2. Determining Cell-Edge UEs
CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on comparison of the downlink average received power from multiple points. More specifically, if the difference between the signal power from the serving point and that from other points within the CoMP coordination set is lower than a given threshold, the UE is determined to be a cell-edge UE. 
2.3. Scheduling
In the scheduling, the points within the same CoMP coordination set (e..g., 9 transmission points) are jointly scheduled and each CoMP coordination set is scheduled independently. More specifically, in each CoMP coordination set, CoMP and non-CoMP transmission switching is allowed for cell-edge UEs, and exhaustive search is utilized to schedule the UE group and the corresponding transmission modes to provide the highest total (weighted) estimated throughput. 
3. Simulation Results

Table II gives the simulation parameters used in the evaluation. Basic assumptions are aligned with common assumptions in [1]. We assume Scenario 2, and the size of CoMP coordination set is 9 transmission points. We assume the use of a cell-specific reference signal (CRS) for 2 antenna ports within a 4/10 non-MBSFN subframe and the density of the demodulation reference signal (DM-RS) is 12 RE/RB. The CSI-RS overhead is assumed to be 2 REs per RB for 2 Tx with a 10-ms period. The CSI-RS muting overhead is assumed to be 18 REs per RB for 2 Tx in a 9 cell cluster size with a 10-ms period, which is only for JP CoMP transmission. The receiver on the UE side is assumed to be the MMSE receiver (option 1) described in [2]. 

Table II – Simulation Assumptions
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites,
3 sectors per cell-site

	Inter-site distance (ISD)
	500 m

	Antenna pattern at eNodeB 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNodeB/ RRH
	46 dBm

	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)

	Channel model
	SCM-UMa with high angular spread, 3 km/h

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)

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

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

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	FTP model 1 in TR36.814/ Full buffer

	CSI feedback interval
	10 TTIs

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

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme 
	JT with SU-MIMO,  DPS

	Number of CoMP coordination sets
	9 transmission points

	Maximum number of coordination points for CoMP transmission
	2 transmission points

	Handover hysteresis
	3 dB

	Number of UEs per cell
	10

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal as in [3] 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 RE/RB per 10 ms for 2 antenna ports)
CSI-RS with muting for JP CoMP (18 RE/RB per 10 ms for 2 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

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

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No


Tables III and IV give the performance evaluation results for full buffer and non-full buffer traffic models, respectively. The simulation results show the following.

· JT CoMP does not provide performance gains compared to DPS/DPB CoMP when applying per-CSI-RS-resource feedback irrespective of inter-CSI-RS-resource phase information.

· SU-JT CoMP with aggregated inter-CSI-RS-resource CQI feedback without inter-CSI-RS-resource phase information (Scheme 5) can achieve better performance than that with per-CSI-RS-resource CQI feedback with and without inter-CSI-RS-resource phase information (Schemes 1, 2, 3, and 4).

Table III –Full Buffer Simulation Results with 2x2 Antenna Configuration

	Transmission Scheme
	Average Cell 
	5% Cell Edge User 

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

	Single points transmission with SU-MIMO
	20.0
	0
	0.342
	0

	JT with SU-MIMO
	Scheme 1
	19.4
	-3.0
	0.379
	10.8

	
	Scheme 2
	19.6
	-2.0
	0.382
	11.7

	
	Scheme 3
	19.6
	-2.0
	0.391
	14.3

	
	Scheme 4
	19.7
	-1.5
	0.401
	17.3

	
	Scheme 5
	19.6
	-2.0
	0.425
	24.3

	DPS/DPB with SU-MIMO
	20.1
	0.50
	0.417
	21.9


Table IV – Non-full Buffer Simulation Results with 2x2 Antenna Configuration (FTP Traffic Model 1)
	Load λ 
(UE/s)
	Transmission Scheme
	Served Cell Throughput (Mbps)
	5% User Throughput (Mbps)
	50% User Throughput (Mbps)
	Resource Utilization (RU)

	0.5
	Single points transmission with SU-MIMO
	6.1
	3.57
	14.31
	0.448

	
	JT with SU-MIMO
	Scheme 1
	6.1
	4.01

(12.3%)
	13.89
(-2.9%)
	0.444

	
	
	Scheme 2
	6.1
	4.05
(13.4%)
	14.18

(-0.9%)
	0.439

	
	
	Scheme 3
	6.1
	4.06

(13.7%)
	14.19

(-0.8%)
	0.439

	
	
	Scheme 4
	6.1
	4.18
(17.1%)
	14.36

(0.3%)
	0.433

	
	
	Scheme 5
	6.1
	4.18

(17.1%)
	14.41
(0.7%)
	0.435

	
	DPS/DPB
	6.1
	4.35

(21.8%)
	14.92

(4.3%)
	0.393

	0.7
	Single points transmission with SU-MIMO
	8.3
	0.76
	4.85
	0.8275

	
	JT with SU-MIMO
	Scheme 1
	8.3
	1.01

(32.9%)
	4.72

(-2.7%)
	0.8482

	
	
	Scheme 2
	8.3
	1.05
(38.2%)
	4.95
(2.1%)
	0.8359

	
	
	Scheme 3
	8.3
	1.07

(40.8%)
	4.99
(2.9%)
	0.8340

	
	
	Scheme 4
	8.4
	1.19

(56.6%)
	5.29
(9.1%)
	0.8187

	
	
	Scheme 5
	8.4
	1.26

(65.8%)
	5.29

(9.1%)
	0.8204

	
	DPS/DPB
	8.4
	1.35

(77.6%)
	5.95
(22.7%)
	0.7148


Based on these evaluation results, we propose the following for Rel-11 CoMP.

Proposal 1: In Rel-11, CSI feedback at least for DPS-type CoMP should be supported.

In order to support DPS-type CoMP, CSI feedback such as in the following options is necessary. 

· NW-centric approach

· Individual per-CSI-RS-resource feedback
Note: There are some schemes how to feedback CQI (interference parts) as indicated in [4]. Further investigation is needed in feedback details.
· Option 2: UE-centric approach

· Selected per-CSI-RS-resource feedback and index of selected CSI-RS-resources
Our current preference is a flexible NW-centric approach to support a fall back mode with the single-point transmission.

4. Conclusions
This contribution presented system performance evaluation results on JP, including JT CoMP and DPS/ DPB CoMP in Scenario 2. More specifically, JT CoMP with different feedback assumptions, e.g., with and without aggregated inter-CSI-RS-resource CQI and inter-CSI-RS-resource phase information, were investigated. The simulation results showed the following.
· JT CoMP does not provide performance gains compared to DPS/DPB CoMP when applying per-CSI-RS-resource feedback irrespective of inter-CSI-RS-resource phase information.

· SU-JT CoMP with aggregated inter-CSI-RS-resource CQI feedback without inter-CSI-RS-resource phase information (Scheme 5) can achieve better performance than that with per-CSI-RS-resource CQI feedback with and without inter-CSI-RS-resource phase information (Schemes 1, 2, 3, and 4).

Based on the evaluation results, we propose the following for Rel-11 CoMP.

Proposal 1: In Rel-11, CSI feedback at least for DPS-type CoMP should be supported.
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Appendix – CQI Update at eNodeB for JT CoMP

In this section, we describe the CQI update method adopted in the simulation for this contribution. For the sake of clarity in the description, we use two point JT and assume that at most one layer of data is transmitted from each transmission point, i.e., SU-MIMO rank-1 transmission.
· Scheme 5 for JT CoMP
For Scheme 5, aggregated CQI is fed back as follows
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is the equivalent channel. 
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 are respectively the total transmit power and precoder of the serving point. 
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 is the channel matrix from the serving point to the UE. Similarly, 
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 represent the counterparts associated with the coordinated point. 
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 is the UE receiver, 
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 is the sum power of the inter-cell interference (ICI) from points other than the serving and coordinated points, and 
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 is the noise power. In the case of a MMSE receiver,
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Considering that CQI fed back in (1) has already been considered in all the ICI imparted to the UE, no additional CQI update is needed and it can be directly employed by the eNB for scheduling and MCS level selection, i.e.,
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· Scheme 1/2/3/4 for JT CoMP
In Schemes 1/2/3/4, each JT UE feeds back per-CSI-RS resource CQI for the serving and coordinated points as follows
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respectively, where 
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.
On the eNB side, according to both the CQIs in (5), the CQI in the real joint transmission should be anticipated. This can be written as
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where UE receiver 
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 and effective channel 
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 are defined in (3) and (2), respectively. If we ignore the receiver difference among 
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, with the help of inter-CSI-RS-resource phase information, the CQI in (6) can be roughly obtained according to the cosine law. 
For Schemes 2/3/4, the CQI in a real joint transmission can be approached according to
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where 
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 indicates the inter-CSI-RS resource phase information. 

For Scheme 1, the eNB is blind to the inter-CSI-RS-resource phase information, so only a fixed value can be adopted. Namely, we can fix parameter 
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 in (7) to an arbitrary value. Even though the updated CQI significantly deviates from the real value at the very start, it can be gradually and adaptively adjusted using an outer-loop link adaptation (OLLA) mechanism. Without loss of generality, we set 
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 in the simulation, i.e.,
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