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1. Introduction

For UL CoMP with geographically separated reception points, the signal received at a given point would preferably be received within the CP at that point, otherwise the reception complexity may be significantly increased or the performance reduced. 
In this contribution, we examine the potential impact on the uplink timing advance with geographically separated reception points for UL CoMP in R11. 
2. Different arrival time on geographically distributed reception points
In order to avoid an increase in receiver processing complexity arising from neighbour cell signals arriving outside the CP of the own-cell signals, one solution which has been suggested is to configure the extended CP. However this kind of solution has the following drawbacks:

· It is very hard to determine an optimum CP length to cover different UL CoMP scenarios. A longer CP results in big overhead and leads to UL capacity loss, because symbols which should be used to send data are now occupied by the extended CP.
· Current specifications do not support different CP lengths in different frames. If different CP lengths were to be introduced in different frames, legacy UEs would not be supported, and there would be a restriction in scheduling flexibility since the UL CoMP UEs could only be scheduled in frames with longer CP length.
In general, signals from UEs in neighbour cells which arrive outside the CP of a cell would therefore need to be handled by first cancelling the own-cell signals. The signals of a CoMP UE received at different reception points would then be time-aligned before combining.

3. Uplink timing alignment for CoMP joint reception
3.1. Reference point for UL timing
In Rel-8/9/10, the UEs need to track the downlink frame timing changes of the connected eNodeB[1]. The UE could perform autonomous time adjustment of UL transmission between TA commands based on the first received path in time from the reference cell. 
For an UL CoMP UE, there are several geographically distributed reception points. The arrival time of the uplink signals from a given UE will change in different ways at different reception points, due to the movement of UE, changes in the propagation paths and Doppler shift. This may lead to some possibilities for improving the performance by selecting an appropriate reference point to track. For example, the closest reception point may be better as the reference point even if it is not the serving cell. There could be two options for the reference point selection for timing tracking within the CoMP reception set:
· Alt1: a UE always tracks the timing of the serving cell (same as Rel-8/9/10)
· Alt2: a UE tracks the timing of a cell signalled by the network, which might not be the serving cell 
3.2. Timing advance calculation

Unlike single cell processing, for UE in CoMP mode the network may take into account the reception requirements of all reception points when calculating the timing advance commands for CoMP UEs. This may require coordination among reception points to select an optimum timing advance value for the UEs.
4. Simulation analysis

The CoMP performance has been assessed with respect to different values of the path loss threshold for including reception points in the CoMP cluster. To analyse the impact from different propagation latencies to geographically distributed reception points, the corresponding latency values have been recorded. From simulation results as shown in the figure 1 and table 1, it can be observed that the CoMP performance in terms of average throughput and edge throughput gain is increased steadily by allowing more CoMP reception points, and the time difference is still acceptable (easily within the cyclic prefix). 
When the pathloss threshold for reception point inclusion is 30dB, we also examine the effect of excluding reception points based on the propagation delay difference from the serving cell (shown as a proportion of the cell radius – we use two values, 14% of cell radius and 40% of cell radius); points with a larger propagation delay than the predefined threshold are excluded from the CoMP reception cluster.  
The simulation results show that with by using the additional propagation delay threshold, the performance loss is marginal, even though the CoMP cluster size is significantly decreased. The reason for this is that most of the CoMP gains are being realised by the cells at the same eNB; the 30dB threshold prevents the front-to-back ratio of the eNB antennas from being an obstacle to the inclusion of these cells in the reception set, and the propagation delay difference of these cells is virtually zero. 
Table 1  CoMP performance with different PL threshold and distance threshold
	　
	Single Cell
	Path-loss threshold for inclusion of a reception point in the reception set

	
	
	6dB
	10dB
	20dB
	30dB

	
	
	
	
	
	No timing constraint
	14% of cell radius
	40% of cell radius

	Avg(bps/Hz)
	1.46
	1.78 
	1.83 
	2.06 
	2.18 
	2.12 
	2.15 

	Edge(bps/Hz)
	0.054 
	0.061 
	0.064 
	0.078 
	0.084 
	0.081 
	0.084 

	CoMP UE ratio
	0
	22.8%
	38.9%
	80.9%
	100.0%
	100.0%
	100.0%

	CoMP Cluster size
	1
	2.22 
	2.32 
	3.83 
	5.05 
	3.15 
	3.47 

	Avg Gain 
	　
	22.25%
	25.23%
	41.27%
	49.53%
	45.16%
	46.92%

	Edge Gain 
	　
	11.97%
	18.60%
	43.09%
	55.25%
	49.72%
	55.06%
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Figure 1  Accumulative distribution function of propagation latency between supporting cell and serving cell.
5. Conclusions
Time alignment for multiple points reception has been discussed in this contribution. Some observations are as follows:
· From the evaluations presented here, there is no evidence of any need to specify special behaviour for uplink timing

· In homogeneous network with low ISD, nearly all the CoMP gain comes from intra-site CoMP, in which case there is no time alignment problem

· The gain in this scenario from cells outside the serving eNB is minimal. 
· There is no need to define a new CP length, or to modify the CP configuration. 
· Nevertheless, these results are for one particular scenario; the evaluation does not consider het-net, larger ISD and higher transmit power. It is FFS whether other scenarios might lead to a different conclusion.

· It is FFS whether modifications such as RRC configuration of the reference point for UE uplink timing or timing coordination between reception points could be useful. 
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Appendix Simulation assumption

	Parameters
	Values used for evaluation

	Deployment scenarios
	1. Homogeneous network with high Tx power RRHs 

· The central entity can coordinate 9 cells 

	Simulation case
	3GPP-Case 1

	Number of UEs per cell
	10

	Duplex mode
	FDD

	System bandwidth
	10 MHz

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2

	Antenna configuration
	2 Rx antennas: 1 column, cross-polarized: X

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Channel estimation
	Ideal 

	Placing of UEs
	Uniform distribution for homogeneous networks

	Scheduler
	Channel dependent Proportional Fair, cell independent scheduling

	Traffic model
	Full buffer 

	HARQ
	CC, Maximum 4 transmission 

	UL power control
	FPC, α = 0.6

	UL receiver type
	MMSE-IRC (multi-cell MU-MIMO receive processing for CoMP users within the CoMP cluster)

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); 
Sounding RS 10 ms period; 
PUCCH, 4/50 RBs

	Maximum cooperative cells
	9 cells for scenario 2;



	Cooperative cell selection
	Decided according to the  path loss difference between serving link and links to the neighbor cells, Path loss threshold  ( 6dB, 10dB, 20dB, 30dB)
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