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1 Introduction
CSI feedback is required for each CSI-RS-resource defined in the CoMP measurement set. In addition, CSI-RS based received signal measurement can be made and reported for CSI-RS resources defined in the CoMP Resource Management Set. In that context, RAN1#68bis reached the following agreement:
Agreement: The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69. 

(independent of discussion on IMRs)

In this contribution we further compare the performance, implementation complexity, and implication between the size of 2 and 3 CSI-RS resources.  
2 General Discussion
First it is important to note the following relevant conclusions reached in RAN1#68bis:

· CSI-RS based received signal measurement and reporting (at least including RSRP) can be made for CSI-RS resources defined in the CoMP Resource Management Set. This set is not the same size as CoMP Measurement Set. The reported RSRP will be used to determine the size of the CoMP Measurement Set. eNB has better knowledge of the likelihood of a particular transmit point (TP) being contributing in CoMP transmission. For a TP whose RSRP is relatively significant but is not included in the CoMP measurement set, muting is still possible based even without more CSI feedback for that TP. 

· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11. This conclusion will make joint transmission (JT) largely non-coherent. DPS (with or without muting) or coordinated scheduling are shown to be very effective compared to non-coherent JT. If it is previously found out that a third TP can make significant contribution in JT assuming the phase information is available, the contribution of that third TP may not be as significant now without the phase feedback.  
With the above understanding, we are discussing here whether CSI feedback (PMI/RI/CQI) of 2 or 3 CSI-RS resources is needed. Also, without phase indicator feedback, if there is a need for inter-CSI-RS-resource feedback such as aggregated CQI, what is the difference between 2 and 3 CSI-RS resources in the CoMP measurement set? 
In the next section, we will look at the percentage of CoMP measurement size being 2 or 3 under homogeneous and heterogeneous deployment conditions. But we want to emphasize here that, for a TP whose RSRP happens to be significant enough but not included in CoMP measurement set and hence no detailed CSI feedback is available for that TP, TP muting can still be applied based on its RSRP. The key issue is just to make the right CQI calculation that can reflect accurately any such muting. This is topic of interference measurement.
Most companies reported, from the RSRP point of view, the adequacy of including only 2 TPs in the CoMP transmission. Some would also like to use an additional, but virtualized, CSI-RS resource for which CSI (PMI/CQI) is computed and fed back. It may be used as an indirect means of getting phase feedback (i.e., embedded in PMI) [5]
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[7] or aggregated CQI [6]. But such schemes require careful study. Why is transparent aggregated CQI for a virtual CSI-RS-resource better than non-transparent aggregated CQI? Is the overhead of defining an additional CSI-RS-resource justified? What is the performance? Should the UE treat the additional virtual CSI-RS-resource as a normal TP with PMI and CQI and RI feedback? If aggregated CQI is further defined among CSI-RS-resources, will the virtual CSI-RS-resource be included?   
3 Complexity Comparison
In this section we examine the impact of the size of measurement set (denoted as N) on the implementation complexity at either UE or the network side. 
We first note that per-CSI-RS-resource PMI/RI/CQI will be computed at the UE any way, possibly on a per sub-band basis too. Even if there is no additional inter-TP report, i.e., just an increase of 50% overhead due to N=2(3, the fact we may have to multiplex 3, compared to 2, CSI reports in one PUCCH-based periodic reporting process means more chance of collision and CSI reporting dropping (which is a problem seen in CA).
To support accurate MCS adaption and the scheduling flexibility among non-CoMP and various CoMP schemes, UE or eNB has to evaluate all possible candidates of transmission schemes and feedbacks necessary CQI related to all or a subset of transmission schemes. Since the actual transmission set can be a subset of the CoMP measurement set with the other TPs either muted or not, the amount of CSI needed to cover all candidates CoMP and non-CoMP schemes increases dramatically as N increases. 
To get a rough estimation, we assume that the considered transmission-scheme candidates only include DPS with or without muting and rank-1 JT (rank-2 is excluded arbitrarily here just for simplicity). 
· For N=2, 5 different schemes are possible (2 for DPS w/o muting and 2 w/ muting, and one for JT). Such a setting was also suggested in [1]. 
· For N=3, 19 different schemes are possible (3 for DPS w/o muting, 6 for DPS w/ muting of only one TP, 3 for DPS w/ muting of two TPs, 3 for JT with 2 TP transmitting and the other TP muting, 3 for JT with 2 TP transmitting and the other no muting, 1 for JT from all 3 TPs). 
· CSI feedback can be on a per-subband basis. The number of combinations increases by as many times as the number of sub-bands. CSI feedback for different sub-bands often may not be made independently since a transport block spans multiple sub-bands. Sub-band measurement will further complicate the CSI/CQI feedback computation as the measurement set size increases.
In summary we can observe that even though a universal CSI feedback report is targeted to allow eNB the flexibility to choose the best scheme, either the UE or the eNB has to decide the best scheme among all possibilities, typically based on a rate metric from a predicted CQI.  Increase the set size from N=2 to 3 could mean about 4 times increase in the number of hypotheses.
4 Comparison of N=2 and 3: Simulation results
To determine a proper value for N, we further examine the distribution of N in the scenarios specified in [2]:
· Homogenous network: 
1) Scn-1: N ≦3;  
2) Scn-2: coordination of 9 cells
· Heterogeneous network scenarios:
3)  One macro cell and M RRHs (M=4 or 10)

4) Three intra-site macro cells and 3M RRHs

Suppose we let N equal to the number of cells with RSRP greater than a threshold, which is defined as x dB less than largest RSRP of all cells within coordination area. The following tables present the distribution of N for all scenarios listed above. The result presented in [3] is also listed for reference. As more cells can be scheduled jointly, we observe an increase of N, i.e., more cells whose RSRP is within a threshold of serving cell RSRP. It seems not practical to consider a large coordination area over 57 macro cells, so results are included for reference mainly. As the threshold increase, we also observe an increase of N, i.e., more cells whose RSRP is within a threshold of serving cell RSRP.
	Homogeneous network (CoMP Scenario 1)

	CoMP threshold
	Coordination area
	Percentage of CoMP measurement set size N (%)

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N >= 5

	CoMP threshold = 3dB
	[3]
	80.10
	15.90
	3.50
	0.40
	0.10

	
	57 cells
	78.82
	16.51
	3.85
	0.61
	0.22

	
	intra-site 3-cells
	87.96
	9.86
	2.18
	0.00
	0.00

	CoMP threshold = 6dB
	[3]
	64.60
	23.40
	10.10
	1.80
	0.30

	
	57 cells
	58.15
	24.26
	11.22
	3.36
	2.80

	
	intra-site 3-cells
	76.28
	15.68
	8.04
	0.00
	0.00

	CoMP threshold = 9dB
	[3]
	50.60
	26.80
	15.30
	5.10
	2.20

	
	57 cells
	42.57
	26.40
	16.75
	5.51
	8.77

	
	intra-site 3-cells
	66.18
	16.91
	16.91
	0.00
	0.00


Table 1 Distribution of the maximum size of CoMP measurement set (Homogenous network: Scn-1)

	CoMP Scenario 2 (coordination of 3 sites, i.e., 9 sectors/cells)

	CoMP threshold
	Coordination area
	Percentage of CoMP measurement set size N (%)

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N >= 5

	CoMP threshold = 3dB
	[3]
	80.10
	15.90
	3.50
	0.40
	0.10

	
	57 cells
	78.82
	16.51
	3.85
	0.61
	0.22

	
	9 cells
	80.70
	13.54
	4.91
	0.77
	0.07

	CoMP threshold = 6dB
	R1-114223
	64.60
	23.40
	10.10
	1.80
	0.30

	
	57 cells
	58.15
	24.26
	11.22
	3.36
	2.80

	
	9 cells
	65.33
	17.75
	10.53
	3.30
	3.09

	CoMP threshold = 9dB
	[3]
	50.60
	26.80
	15.30
	5.10
	2.20

	
	57 cells
	42.57
	26.40
	16.75
	5.51
	8.77

	
	9 cells
	52.84
	18.39
	17.96
	3.09
	7.72


Table 2 Distribution of the maximum size of CoMP measurement set (Homogenous network: Scn-2)

	HetNet; configuration 1 for user dropping

	CoMP threshold
	Coordination area
	Distribution of N (%)

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N >= 5

	CoMP threshold = 3dB
	[3]
	76.60
	18.70
	3.80
	0.80
	0.10

	
	57*(Macro+4RRHs)
	76.40
	19.40
	3.50
	0.70
	0.10

	
	Macro+4RRHs
	90.90
	8.70
	0.40
	0.00
	0.00

	
	3*(Macro+4RRHs)
	84.21
	13.33
	2.25
	0.21
	0.00

	CoMP threshold = 6dB
	[3]
	57.80
	27.40
	10.80
	3.00
	1.00

	
	57*(Macro+4RRHs)
	56.50
	28.70
	10.50
	3.40
	1.00

	
	Macro+4RRHs
	79.60
	18.50
	1.80
	0.10
	0.00

	
	3*(Macro+4RRHs)
	73.26
	21.05
	4.91
	0.70
	0.07

	CoMP threshold = 9dB
	[3]
	42.70
	31.00
	16.00
	6.30
	4.00

	
	57*(Macro+4RRHs)
	40.70
	31.90
	17.40
	6.10
	3.90

	
	Macro+4RRHs
	70.70
	25.00
	3.90
	0.40
	0.00

	
	3*(Macro+4RRHs)
	55.51
	30.53
	11.16
	2.32
	0.49


Table 3 Distribution of the maximum size of CoMP measurement set (HetNet with 4 RRHs)
	HetNet; configuration 1 for user dropping

	CoMP threshold
	coordination area
	Distribution of N (%)

	
	
	N = 1
	N = 2
	N = 3
	N = 4
	N >= 5

	CoMP threshold = 3dB
	[3]
	71.30
	22.30
	5.40
	0.90
	0.10

	
	57*(Macro+10RRHs)
	72.57
	20.54
	5.88
	0.87
	0.14

	
	Macro+10RRHs
	84.77
	13.33
	1.75
	0.14
	0.00

	
	3*(Macro+10RRHs)
	78.74
	16.98
	3.58
	0.42
	0.28

	CoMP threshold = 6dB
	[3]
	48.60
	30.80
	14.50
	4.40
	1.70

	
	57*(Macro+10RRHs)
	48.51
	30.42
	15.60
	4.26
	1.20

	
	Macro+10RRHs
	68.70
	24.70
	5.40
	1.12
	0.07

	
	3*(Macro+10RRHs)
	60.91
	25.82
	9.47
	3.09
	0.70

	CoMP threshold = 9dB
	[3]
	32.50
	30.50
	20.20
	9.90
	6.90

	
	57*(Macro+10RRHs)
	33.10
	30.11
	20.74
	10.07
	5.98

	
	Macro+10RRHs
	56.63
	28.21
	10.81
	3.44
	0.91

	
	3*(Macro+10RRHs)
	41.12
	32.77
	17.12
	6.39
	2.60


Table 4 Distribution of the maximum size of CoMP measurement set (HetNet with 10 RRHs)

Observations:

· At a threshold of 6-9dB which is deemed reasonably large in order not to miss any TP with potential contribution in CoMP, we see N ≦3 most of the time (≥ 94%).

· N=3 is observed only 5-10% of the time at a RSRP threshold of 6dB (increases to 11-18% with a 9dB threshold)
In additional to the RSRP distribution study, we also perform a system level simulation to evaluate performance gain with the CoMP measurement set size of 2 and 3 under CoMP. All the transmission schemes can support dynamic switch between non-CoMP (i.e., DPS) and JT-CoMP. Aggregated CQI without inter-CSI-RS-resource phase information is assumed. Detailed parameters assumptions are left in Appendix.

	Transmission scheme
	Average total throughput
	50% Cell Median User
	5% Cell Edge User

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

	JT with N=2
	115.4813
	0.0000
	3.3077
	0.0000
	0.9390
	0.0000

	JT with N=3
	116.8274
	1.1656
	3.4956
	5.6807
	0.9901
	5.4420


Table 5 Throughput comparisons between measurement set size of 2 and 3 in Scenario 3 
Observations:
· Cell-edge throughput increase by only 5% if increasing the CoMP measurement set size from 2 to 3. 

5 Conclusions
In this contribution we further discuss the COMP Measurement Set size choice between N=2 and 3. We observe that:
· N=3 is observed only 5-10% of the time at a relative RSRP threshold of 6dB, even under dense HetNet deployment scenarios.
· Cell-edge throughput increases by only 5% if increasing the CoMP measurement set size from 2 to 3.
· For any TP whose RSRP happens to be significant enough but not included in CoMP measurement set and hence no detailed CSI  is available for that TP, TP muting can still be applied based on the RSRP.

· Increase from N=2 to 3 could mean about 4 times increase in the number of transmission schemes for which MCS calculation or CQI feedback will be required for each of them. 
· Defining virtual additional CSI-RS resource for implicit phase feedback or aggregated CQI needs careful study in terms of additional overhead and complexity.
Therefore our view is to limit N =2 in Rel-11 to ease specification change, feedback overhead, and implementation complexity.    
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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
	25 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
· 4-bit aggregated CQI with down-selection TPs for non-Coherent JT-CoMP UEs is also reported
· Feedback periodicity is 5 ms 

	Criteria for CoMP 
	RSRPserving cell – RSRPcoordinating cell < 9 dB, 

and size of CoMP measurement set ≦2 or 3

	UE Receiver
	MMSE-IRC (R1-110586)

	Control OFDM symbols 
	3

	Traffic model
	Full buffer


