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1. Background
In [1] we presented initial simulation results for CoMP Scenario 2 (i.e. a homogeneous network with high Tx power RRHs) in TDD operation. In this contribution, simulation results are provided based on the updated simulation assumptions [2]. 
2. Simulation assumptions

The table below captures the simulation assumptions.

Table 1: System simulation parameters for CoMP Evaluation

	Parameter
	Values used for evaluation

	General 
	Parameters and assumptions are aligned with agreed CoMP simulation parameters from RAN1 #64[2]

	Specific parameter
	Values

	Deployment
	Scenario 2. Homogeneous network with high Tx power RRHs (9 cells as a baseline)

	Simulation case
	3GPP-Case1 3D

	System bandwidth
	20MHz (TDD)

	Transmission schemes in DL
	· MU-MIMO

· MU-MIMO with intra-eNB inter-site JP-CoMP

	Number of antennas at transmission point
	2

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

· 2 Tx antennas, ULA & CLA

	Channel estimation
	Non-ideal, based on SRS, CSI-RS and DMRS.

- UL sounding scheme
- Accuracy of CSI

. Channel estimation error based on SRS 

(MSE = a * SINR + b)

- Channel estimation error for demodulation and CSI measurement
(MSE = c * SINR + d)

Note: parameters (a, b, c and d) are set according to CSI-RS, SRS and DMRS granularity.

	Frame structure
	 DSUUD, 2 MBSFN subframes

	CSI-RS muting
	Single-cell:                    no CSI-RS muting
Intra-site:                      muting on REs used for CSI-RS in other cells of the same site
9-cell/dynamic-clustering:      muting on REs used for CSI-RS in any of the other 9 cells 

	DL overhead assumption
	                                2Tx                   8Tx
Single-cell:                    0.3013                  0.3846
Intra-site:                     0.3056                   0.4017
9-cell/dynamic-clustering:       0.3184                   0.4188

	UL overhead assumption
	SRS: 4 OFDM symbol per 5ms, SRS interference cancellation assumed

	SRS periodicity
	5ms 

	TDD reciprocity
	Ideal. 


The slight increase in DL overhead for the CoMP cases comes from the CSI-RS muting, which is employed to remove all the data interference on CSI-RS within the cooperating set. This ensures that the UEs’ reported CQI is a clean “single-cell SU-MIMO” CQI so that the eNB can reconfigure the multi-user interference and the inter-cell interference by means of SRS estimation.
A key aspect affecting the performance of scenario 2 with JP is how to select the Transmission Points (TPs) actually used for cooperative transmission, since full 9-cell JP has some significant issues:

· The UL overhead to report the 9-cell CSI

· The calculation complexity at the UE (PMI codeword selection and CQI estimation) and the eNB (e.g. 72-by-N matrix decomposition where N is the number of UEs)

· The high sensitivity of a large matrix to channel estimation inaccuracies.

We therefore consider some sub-clustering patterns as shown in Fig.1 and Fig.2; note that Fig.1 is in fact Scenario 1. The patterns shown in Fig.2 basically obey the rules below:
· The same number of sub-clusters in each group of 9 cells (so as to achieve the same average spatial-processing gain for every group of 9 cells
· The number of cells in each sub-cluster should be as similar as possible
· The cells within a given sub-cluster should be geographically as close as possible
· The maximum number of cells per sub-cluster is limited to four (taking reasonable hardware complexity into account). 
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Fig. 1: Intra site clustering
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Fig. 2 Inter/intra-site combination clustering
As introduced in [3], the transmission point sub-clustering may be dynamically adjusted per sub-band for every group of 9 cells, which means the different groups of 9 cells may have different sub-clustering patterns.

Note that this dynamic sub-clustering is basically implemented at the eNB side, and can therefore be UE-transparent thanks to the use of DM-RS. 
In these evaluations we use dynamic selection between the four patterns in Fig.1 and Fig.2 .

· The main pre-conditions for a TDD system to enable dynamic sub-clustering of the transmission points is that the candidate cells serving a UE should be able to obtain the corresponding DL CSI; we assume here that SRS transmissions are used for this purpose, and the eNB performs interference cancellation on the own-cell signals that interfere with the SRS.
3. Simulation Results
We evaluate the following schemes to estimate their performance:
· Scheme 1: DL Single Cell MU-MIMO 2 x 2, Rank 1 per UE

This is used as the baseline for the CoMP evaluations.

· Scheme 2: Intra-site JP CoMP, i.e., scenario 1, rank 1 per UE
· Scheme 3: DL 9 cell JP CoMP (Scenario 2) 2 x 2, Rank 1 per UE

Here global Joint Processing is used for the 9-cell coordination. Interference cancellation is assumed for the SRS detection, and the residual error on the SRS is modelled in a similar manner as the channel estimation error. We assume the SRS periodicity for this scheme is 5ms.
· Scheme 4: Dynamic clustering as introduced in section 2
8Table 1: Performance of various schemes with 2X2 in TDD 
	Schemes
	ULA (Spectral Efficiency, bps/Hz)
	CLA (Spectral Efficiency, bps/Hz)

	
	Average
	Unitary
	Edge
	Unitary
	JI
	Average
	Unitary
	Edge
	Unitary
	JI

	MMSE
	SC MU-MIMO
	1.86
	1
	0.058
	1
	0.76
	1.45
	1
	0.045
	1
	0.77

	
	Intra-site JP
	2.49
	1.34
	0.095
	1.62
	0.85
	2.01
	1.39
	0.075
	1.65
	0.84

	
	Full 9-cell JP
	2.60
	1.39
	0.112
	1.93
	0.88
	2.15
	1.48
	0.087
	1.93
	0.88

	
	Dynamic Clustering JP
	2.77
	1.49
	0.107
	1.85
	0.89
	2.31
	1.59
	0.090
	2.00
	0.86

	MMSE-IRC
	SC MU-MIMO
	2.09
	1
	0.068
	1
	0.76
	1.64
	1
	0.048
	1
	0.75

	
	Intra-site JP
	2.81
	1.35
	0.108
	1.59
	0.88
	2.38
	1.46
	0.085
	1.78
	0.83

	
	Full 9-cell JP
	2.87
	1.38
	0.123
	1.81
	0.88
	2.52
	1.54
	0.103
	2.14
	0.88

	
	Dynamic Clustering JP
	3.02
	1.45
	0.121
	1.78
	0.89
	2.68
	1.64
	0.106
	2.20
	0.86


Table 2: Performance of various schemes with 8x2 in TDD 
	Schemes
	ULA (Spectrum Efficiency, bps/Hz)
	CLA (Spectrum Efficiency, bps/Hz)

	
	Average
	Unitary
	Edge
	Unitary
	JI
	Average
	Unitary
	Edge
	Unitary
	JI

	MMSE
	SC MU-MIMO
	4.50
	1
	0.151
	1
	0.79
	4.21
	1
	0.134
	1
	0.80

	
	Intra-site JP
	5.66
	1.26
	0.188
	1.25
	0.83
	5.18
	1.23
	0.164
	1.23
	0.84

	
	Full 9-cell JP
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Dynamic Clustering JP
	6.11
	1.36
	0.207
	1.38
	0.84
	5.61
	1.33
	0.185
	1.38
	0.86

	MMSE-IRC
	SC MU-MIMO
	5.01
	1
	0.162
	1
	0.78
	4.75
	1
	0.147
	1
	0.79

	
	Intra-site JP
	6.39
	1.27
	0.209
	1.29
	0.83
	6.07
	1.28
	0.189
	1.29
	0.83

	
	Full 9-cell JP
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Dynamic Clustering JP
	6.92
	1.38
	0.231
	1.43
	0.84
	6.60
	1.39
	0.211
	1.44
	0.85


Observations:

1. Scenario 2 CoMP (especially if dynamic sub-clustering is used) provides attractive performance gain for TDD systems: 36% ~ 64% cell average performance gain and 78% ~ 120% cell edge performance gain.
a) Besides the CoMP precoding gain, another reason for the performance gain is that scenario 2 enables the eNB to control the multi-user interference and the inter-cell interference within the 9-cells via joint UE scheduling and MCS selection.
b) Substantially greater gains are observed than for FDD operation. This is due to the greater possibilities to exploit reciprocity in the TDD system. 
2. Dynamic clustering provides even larger performance gain than full 9-cell JP; this can be explained by the fact that the full 9-cell JP CSI matrix is more sensitive to matrix disturbances arising from channel estimation errors, sounding latency, etc.

4. Conclusions
Evaluation results are presented for CoMP Scenario 2 TDD performance.

· Thanks to the possibility to exploit reciprocity, attractive performance gains are shown based on a realistic dynamic clustering approach - 36% ~ 64% cell average performance gain and 78% ~ 120% cell edge performance gain. 
· It is observed that full 9-cell JP CoMP is sensitive to non-ideal CSI due to channel estimation errors or SRS-PDSCH delay, and greater gains may be realised by careful selection of the actual transmission points used for each transmission.  
· Given the dependency of these results on reciprocity, further study is needed of potential mechanisms to ensure reciprocity for TDD systems, including antenna calibration, for example. 
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