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1. Introduction
The CoMP scenarios 3 & 4 are basically inter-site coordination scenarios, which means that strict backhaul/synchronization requirements are needed for JT CoMP. CS/CB may be a more straightforward way to use the inter-site scenario, but TDD systems may be in a better position to deploy JT CoMP by exploiting the TDD reciprocity.
In this contribution, we evaluate the performance of CoMP Scenario 3 for TDD using one possible JP solution. together with the corresponding backhaul impact analysis The simulation assumptions are based on [1]. 
2. CoMP scheme description
2.1 Overview
Considering the low transmit power of the picocells, we assume that typically the pico cells do not serve UEs in the coverage area of other picocells (unless the two pico eNBs are very close to each other). Our evaluation is therefore based on the following principals:

· Pico only serves its own UEs
· Macro eNB can serve both macro UEs and Pico UEs

· When Pico UEs are served by the macro cell, the Pico performs the phase rotation so the signals from the macrocell can be coherently combined 
· Range expansion can be employed by the Pico eNBs
Fig.1 shows an example, in which the red line represents the pico signal whose phase is rotated to coordinate with the corresponding macro channel. The scheme to calculate the rotated phase is discussed below.

[image: image1.emf]PUE 1

MeNB

MUE

PUE 2

PUE 3

PUE 4

3

4

1

3

4

1


Fig.1: CoMP transmission scheme
In a typical deployment scenario, the macro cells need not change the pico cell’s resource scheduling results and precoding layer, but they can determine the MCS and/or DMRS for the pico UE. 
2.2 Backhaul requirements
The Pico eNB sends the scheduling information to the Macro eNB: 

Message Packet 1: Scheduled UE index, the layer number per scheduled UE, the precoded CSI between the pico and the scheduled UEs, allocated resource, DMRS, etc.

Note: DMRS may also be determined by the Macro, which would be centralized scheduling.
The Macro eNB sends the scheduling information to the Pico eNB: 

Message Packet 2: The final selected MCS, the transmitted data for Pico UEs, the rotation phase matrix for pico eNB, etc.

Compared to CS/CB schemes, the above backhaul requirement for JT CoMPdoes not significantly increase the backhaul load:
· The Pico cell does not need to know the macro UEs’ (or other Pico UEs’) data/channel.

· The rotation matrix for pico eNB is a diagonal matrix, which costs very little backhaul capacity.

Moreover, the required synchronization/calculation-complexity is relatively loose since the combining method is basically a kind of extended local precoding. Table 1 compares the multiple CoMP solutions in terms of their backhaul impact. 
One issue compared to CS/CB is that this scheme may require inter-site antenna calibration; this requires rough calibration accuracy and can be easily achieved via the solution introduced in [3].

Table 1: comparison among varied CoMP schemes of the TDD HTN system
	
	CS/CB
	Conventional JT
	Low overhead JT (evaluated here)

	Required Backhaul Capacity
	Low
	High
	Low

	Synchronization requirement
	Middle
	High
	Middle

	Calculation Complexity 
	Low
	High
	Low

	Required accuracy of the inter-site antenna calibration
	No
	High
	Middle


2.3 Scheduling Procedure
The scheduling procedure used for this evaluation operates as follows:

1. Every pico cell schedules its own UEs according to the traditional algorithm, and calculates the capacity
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– this step of the scheduling process takes place every TTI, regardless of the subsequent decisions of the macro eNB. 

2. The Macro eNB performs the second round scheduling (among 
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· When a UE 
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is the capacity of the UE 
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 when both macro and pico eNB serves it. The logic is to take into account the increased throughput of the pico UE in the selection of macro UEs.

· When the UEs belonging to 
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 are scheduled by the Macro eNB, the further phase rotation should be derived to coherently combine the signals from the Macro and Pico eNBs. The macro eNB needs to know the CSI between the pico eNB and the pico UEs in order to calculate the phase.
The above UE scheduling essentially employs some macro cell spatial resource to improve the performance of Pico UEs. Therefore, range extension (up to 6dB) is utilized in our simulations to compensate the performance loss of the macro UEs.
3. Simulation results
In this section, we compare the performance of several typical schemes for TDD HTN.

“CC” denotes “Coherent Combining” and refers to the low-overhead simplfied JT scheme described in section 2 above. 
· Scheme 1: Non-CoMP transmission, SU/MU-MIMO dynamically switch
· Scheme 2: CS/CB transmission
· Scheme 3: JT (1 macro cell + 4 pico cells)
· Scheme 4: CC (1 macro cell + 4 Pico)
· Scheme 5: CC (3 macro cells perform intra-site CoMP, 12 Pico performs the CC)
The table 2 captures the simulation assumptions.

Table 2: System simulation parameters for CoMP Evaluation

	Parameter
	Values used for evaluation

	General 
	Parameters and assumptions are aligned with agreed CoMP simulation parameters in R1-111999 [1]

	Specific parameter
	Values

	Deployment
	Scenario 3 & 4.

	Simulation case
	ITU-UMa for macro eNB, and ITU-UMi for RRH

	System bandwidth
	10MHz 

	Transmission schemes in DL
	MU-MIMO & SU-MIMO dynamic switching (TM9)

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

· 2 Tx antennas, ULA & CLA
· 8 Tx antennas, CLA
For low power RRH:

· 2 Tx antennas, ULA & CLA

	Receiver
	MMSE-IRC

	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)

Note: parameters (a, b 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

CoMP:                      muting on REs used for CSI-RS in other cells of the coordination set

	DL overhead assumption
	                                          2Tx                       8Tx

Single-cell:                    0.3013                   0.3846

1 Macro + 4 pico:          0.3097                   0.3930
3 Macro + 12 pico:        0.3139                   0.4188

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

	SRS periodicity
	5ms 

	TDD mis-calibration modelling
	Using the modelling in [2], with (0.5dB, 5 degree) for intra-site, (1dB, 10 degree) for inter-site [3]

	Range Extension
	CC scheme – 0~6 dB; 0 dB for other schemes.


Table 3: Performance of various schemes with 2X2 in TDD ULA
	Schemes
	ULA (config.1, bps/Hz)
	ULA (config.4b, bps/Hz)

	
	Average
	Normalised
	Edge
	Normalised
	JI
	Average
	Normalised
	Edge
	Normalised
	JI

	MMSE-IRC
	Scheme 1 (non-CoMP baseline)
	8.98
	1
	0.049
	1
	0.50
	12.36
	1
	0.076
	1
	0.64

	
	Scheme 2
	8.09
	0.90
	0.065
	1.32
	0.62
	11.71
	0.95
	0.112
	1.47
	0.73

	
	Scheme 3
	10.01
	1.11
	0.070
	1.43
	0.58
	14.09
	1.14
	0.125
	1.64
	0.74

	
	Scheme 4
	9.52
	1.06
	0.076
	1.46
	0.55
	12.38
	1
	0.101
	1.32
	0.71

	
	Scheme 5
	10.12
	1.13
	0.087
	1.78
	0.61
	12.82 
	1.04
	0.117
	1.54
	0.75


Observation on ULA 2Tx:
1. CS/CB achieves cell edge performance gain at the cost of cell centre performance loss:

a) 32 ~ 47 % cell edge performance gain and 5~10 % cell centre performance loss.
2. Intra-cell (one macro + 4 pico) JT can achieve both  cell centre and cell edge performance gain

a) 11~14 % gain at cell centre and 43~64 % gain at cell edge

b) Compared to CoMP Scenarios 1/2, the JT gain is relatively smaller for Scenario 3.
3. CC (Coherent Combining, especially intra-site CC) can achieve competitive performance gain as intra-cell JT

a) Intra-cell CC (1Macro + 3Pico CC), 0~6 % gain at cell centre and 32 ~ 46% gain at cell edge

b) Intra-site CC (3 Macro JT + 12 Pico CC), 4~13 % gain at cell centre and 54~78 % gain at cell edge

We believe the CC JT scheme evaluated here will show more advantages than full conventional JT when considering some non-ideal limitations, such as non-synchronization. From the complexity point of view, intra-site CC only requires the JT from 3 macro cells, which is equivalent to the intra-cell JT.
The simulation results for CLA are also provided below:
Table 4: Performance of various schemes with 2X2 in TDD CLA
	Schemes
	CLA (config.1, bps/Hz)
	CLA (config.4b, bps/Hz)

	
	Average
	Normalised
	Edge
	Normalised
	JI
	Average
	Normalised
	Edge
	Normalised
	JI

	MMSE-IRC
	Scheme 1
	7.58
	1
	0.050
	1
	0.71
	10.17
	1
	0.082
	1
	0.66

	
	Scheme 3
	7.59
	1
	0.058
	1.16
	0.56
	10.66
	1.05
	0.089
	1.08
	0.75


Observation on CLA 2Tx:

1. The JT CoMP gain is relatively smaller for CLA 2 Tx antenna: 0~5 % gain for cell centre and 8~16% gain for cell edge. 

4. Conclusions 
In this contribution, we provide our evaluation of TDD DL CoMP for Scenario 3. 

We use a simplified form of JT (Coherent Combining), which has a similar cost to CS/CB from the backhaul and complexity point of view. 
Compared to non-CoMP, this CoMP scheme gives  4-13 % cell average spectral efficiency gain, and 54~78 % gain in cell edge throughput. 
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ANNEX:
Table 5: Macro UE vs. Pico UE with 2X2 in TDD ULA

	Schemes
	ULA (config.1, bps/Hz)
	ULA (config.4b, bps/Hz)

	
	Average
	Edge
	Average
	Edge

	
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)

	MMSE-IRC
	Scheme 1
	0.14
	0.55
	0.034
	0.149
	0.20
	0.50
	0.062
	0.149

	
	Scheme 2
	0.16
	0.47
	0.050
	0.162
	0.21
	0.46
	0.084
	0.192

	
	Scheme 3
	0.19
	0.58
	0.056
	0.152
	0.26
	0.55
	0.095
	0.193

	
	Scheme 4
	0.24
	0.45
	0.066
	0.072
	0.35
	0.43
	0.101
	0.097

	
	Scheme 5
	0.33
	0.45
	0.106
	0.08
	0.46
	0.42
	0.183
	0.106


Table 6: Macro UE vs. Pico UE with 2X2 in TDD CLA

	Schemes
	CLA (config.1, bps/Hz)
	CLA (config.4b, bps/Hz)

	
	Average
	Edge
	Average
	Edge

	
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)
	(Per Macro UE)
	(Per Pico UE)

	MMSE-IRC
	Scheme 1
	0.12
	0.47
	0.042
	0.115
	0.17
	0.41
	0.060
	0.129

	
	Scheme 3
	0.15
	0.44
	0.049
	0.010
	0.20
	0.42
	0.071
	0.127
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