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1. Introduction
During the RAN1#69 discussions, the following working assumption was achieved for CoMP measurement set size
· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources
· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is

In this contribution, we show our analysis and views on the number of CSI process for Rel-11 CoMP.
2. Number of CSI Processes for CoMP
Possible CSIs for 2-TP CoMP (within TP#1 and TP#2) and 3-TP CoMP (within TP#1, TP#2 and TP#3) are summarized in Table I and Table II, respectively.  In this example, we assume that TP#1 is serving TP, RSRP of TP#1 > RSRP of TP#2 > RSRP of TP#3. 
Table I: Different CSI process for 2-TP CoMP
	CSI process
Hypothesis
	Signal Part

	
	TP#1
	TP#2

	Interference Part
	Out of TP#1
	CSI1
	--

	
	Out of TP#2
	--
	CSI2

	
	Out of TP#1 and TP#2
	CSI3
	CSI4


Table II: Different CSI process for 3-TP CoMP
	CSI process
Hypothesis
	Signal Part

	
	TP#1
	TP#2
	TP#3

	Interference Part
	Out of TP#1
	CSI1
	--
	--

	
	Out of TP#2
	--
	CSI2
	--

	
	Out of TP#3
	--
	--
	CSI3

	
	Out of TP#1 and TP#2
	CSI4
	CSI5
	--

	
	Out of TP#1 and TP#3
	CSI6
	--
	CSI7

	
	Out of TP#2 and TP#3
	--
	CSI8
	CSI9

	
	Out of TP#1, TP#2 and TP#3
	CSI10
	CSI11
	CSI12


To achieve 3-TP (2-TP) CoMP operation, we can see maximum twelve (four) CSI processes as shown in Tables. If we need to limit the maximum number of CSI processes considering the system and UE complexity and CSI feedback overhead, we should carefully select three or four CSI processes also considering the impact to CoMP throughput performance gain. For the case of limited number of CSI processes, eNode B should estimate CSI which is not directly obtained from the CSI feedback as discussed in [1].
Proposal 1: If we need to limit the maximum number of CSI processes, we should carefully investigate the impact to CoMP throughput performance gain as well as the system/UE complexity and CSI feedback overhead

2.1
System level performance evaluation
In this section, we evaluate the system throughput performance to investigate the impact of limited number of CSI processes. The detailed simulation parameters used in the evaluation are given in the appendix A. Basic assumptions are aligned with common assumptions in [2]. In our simulation, Scenario 2 is assumed, and the size of the CoMP coordination set is 9 transmission points. We assume 3-TP CoMP, and assume CoMP UEs with rank 1 restriction. Precoding is assumed for the signal part and no precoding is assumed for the interference part. Based on Tables I and II, we select some CSI processes. As discussed in [1], CQI update at eNode B is applied to estimate CSI which is not directly obtained from the CSI feedback.
· For three CSI processes, we consider following CSI feedback from Table I and II:

· Scheme 1.1: {CSI1, CSI4, CSI10}
· Scheme 1.2: {CSI10, CSI11, CSI12}
· For four CSI processes, we consider following CSI feedback from Table I and II:
· Scheme 2.1: {CSI1, CSI10, CSI11, CSI12}
· We also evaluate six CSI processes as a reference

· {CSI1, CSI4, CSI5, CSI10, CSI11, CSI12}
For the scheme 1.1, we only assume CS/DPB due to the limited information for CoMP. For other schemes,  DPS/DPB is assumed, and CQI update at eNode B is applied for schemes 1.2 and 2.1 [1]. For scheme 1.2, eNode B estimates {CSI1, CSI4, CSI5}, and for scheme 2.1, eNode B estimates {CSI4, CSI5} by exploiting CQI update. Table III and IV give an example of CQI formula, and CQI update at eNode B for scheme 1.2.
Table III – Example of CQI Formula for Scheme 1.2 
	Serving TP
	Cooperating TPs

	CQI1
	CQI2
	CQI3
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Table IV – Example of CQI Update at eNode B for Scheme 1.2
	Single TP
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from serving TP
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denotes the received interference power from outside the CoMP measurement set (3 TPs), and N denotes the noise power.
Table V shows the system throughput performance for each number of CSI processes. Following observations could be obtained (in the case of CoMP UEs with rank 1 restriction): 

· Scheme 1.2 (The number of CSI processes is three) can not achieve sufficient CoMP performance gain due to the inaccuracy of CSI for single TP transmission (for fallback)
· Scheme 2.1 (The number of CSI processes is four) has CoMP performance loss compared to that of the six CSI processes
· The number of CSI processes has a large impact to the CoMP throughput performance gain
Observation 1: The number of CSI processes has a large impact to the CoMP throughput performance gain
Table V – System Throughput Performance for Each Number of CSI Processes
	Load λ 
(UE/s)
	# of CSI processes
	Transmission Scheme
	Served Cell Throughput (Mbps)
	5% User Throughput
	Average User Throughput 
	Resource Utilization (RU)

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

	0.5
	1 CSI
	Single TP transmission with SU-MIMO
	6.1
	3.32
	0
	17.48
	0
	0.459 

	
	3 CSIs
	Scheme 1.1 (CS/DPB)
	6.1
	3.96
	19.3
	17.54
	0.3
	0.414

	
	
	Scheme 1.2 (DPS/DPB)
	6.1
	2.91
	-12.3
	13.33
	-23.7
	0.495

	
	4 CSIs
	Scheme 2.1 (DPS/DPB)
	6.1
	3.97
	19.6
	17.17
	-1.8
	0.422

	
	6 CSIs
	DPS/DPB
	6.1
	4.14
	24.7
	17.81
	1..9
	0.408

	0.7
	1 CSIs
	Single TP transmission with SU-MIMO
	6.0
	1.31
	0
	8.33
	0
	0.792

	
	3 CSIs
	Scheme 1.1 (CS/DPB)
	6.0
	1.81
	38.2
	8.76
	5.2
	0.689

	
	
	Scheme 1.2 (DPS/DPB)
	6.0
	1.85
	41.2
	7.86
	-5.6
	0.703

	
	4 CSIs
	Scheme 2.1 (DPS/DPB)
	6.0
	1.97
	50.4
	8.68
	4.2
	0.688

	
	6 CSIs
	DPS/DPB
	6.0
	2.04
	55.7
	9.09
	9.1
	0.679


3. UE Processing Relaxations
At the RAN1#70 meeting, there was a proposal for the extending the UE processing time as follows [3].

· For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe

· N-4, in case of 1 configured CSI processes (of a component carrier)

· N-6, in case of 2 or more configured CSI processes across CCs

Considering this proposal, it will cause the extra CSI delay, and have performance impacts due to the CSI inaccuracy. This extension will bring the extra CSI delay more than 2 subframes. For example, if we consider TDD config. 0, this extension will bring more than 5 msec CSI delay. As we can see in [4], CoMP performance is very sensitive for the CSI-RS duty cycle, so we should be careful the impact of it. In addition, we should also be careful the UE/NW impact due to the configuration/reconfiguration of the number of CSI processes. UE should change the definition of CSI reference resource following the configuration/reconfiguration of the number of CSI processes. One of the main concerns is the single-TP transmission. In the CoMP operation, some of CoMP UEs will be scheduled as a single-TP transmission. In this case, single-TP transmission performance of a fall back operation for CoMP UEs will degrade compared to the single-TP transmission performance before configuring the CoMP mode due to the change of the CSI reference resource definition. We should maintain the single-TP transmission performance regardless of the CoMP operation. Other concerns are CSI reference resources for the prioritized reporting type, the PCC, etc.. So, we should not change the definition of CSI reference resource for the prioritized CSI reporting such as the single-TP transmission (or prioritized reporting type, PCC, etc.), regardless of the CoMP operation. To avoid the impact to this prioritized CSI reporting, we should keep the same CSI reference resource definition (N-4) for one of the configured CSI process (e.g., for serving TP transmission) in the case of 2 or more configured CSI processes across CCs. For example, if the smallest CSI process number is assigned for the case of 1 configured CSI processes for the single TP transmission, CSI reference resource definition for the smallest CSI process number will maintain even for the case of 2 or more configured CSI processes across CCs.
Proposal 2: We should not change the definition of CSI reference resource for the prioritized CSI reporting such as single-TP transmission (or prioritized reporting type, PCC, etc.) regardless of the CoMP operation
Proposal 3: For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe

· N-4, in case of 1 configured CSI process (of a component carrier)

· N-4 for one of the configured CSI processes (e.g., for serving TP transmission) and N-X (X > 4) for other configured CSI processes, in case of 2 or more configured CSI processes across CCs
4. Conclusion
In this contribution, we showed our analysis and views on the number of CSI process for Rel-11 CoMP.
Proposal 1: If we need to limit the maximum number of CSI processes, we should carefully investigate the impact to CoMP throughput performance gain as well as the system/UE complexity and CSI feedback overhead
Observation 1: The number of CSI processes has a large impact to the CoMP throughput performance gain
Proposal 2: We should not change the definition of CSI reference resource for the prioritized CSI reporting such as single-TP transmission (or prioritized reporting type, PCC, etc.) regardless of the CoMP operation
Proposal 3: For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe

· N-4, in case of 1 configured CSI process (of a component carrier)

· N-4 for one of the configured CSI processes (e.g., for serving TP transmission) and N-X (X > 4) for other configured CSI processes, in case of 2 or more configured CSI processes across CCs
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Appendix A – Simulation Parameters
Table A.I – 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 non-CoMP UEs

Rank restriction, and rank 1 for CoMP UEs

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	FTP model 1 in TR36.814

	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 
	CS/DPB with SU-MIMO,  DPS/DPB with SU-MIMO

	Number of CoMP coordination sets
	9 transmission points

	Maximum number of coordination points for CoMP transmission
	3 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 [5] 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
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