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1. Introduction 
Considering the multi-path of a single cell itself, the reception performance may degrade even if the propagation delay between two COMP cells is less than the CP length, which is analyzed in [1][2].
Furthermore, the influence of propagation delay also ties to the whether the transmission is coherent or not. The DL coherent transmission between COMP (Coordinated Multi-Point) cells can achieve significant gain compared to non-coherent transmissions. However, the performance of DL coherent transmission is greatly deteriorated due to the propagation delay, and even become equivalent to the non-coherent transmission when the propagation delay is large, e.g., 5us [3]. The influence of propagation delay can be summarized as Table 1.
Table 1 Summarization of the influence of propagation delay (‘+’ means influence extent)
	                      Propagation delay

Transmission
	< CP length
	> CP length

	Non-Coherent transmission
	+
	+ +

	Coherent transmission
	+ +
	+ + + +


This issue is a unique issue for TDD DL COMP since the coherent transmission for FDD COMP cells is based on the UL PMI feedback. A straight forward solution is to forbid those cells outside the accommodated delay window [4]. However, this solution reduces the achieved gain from the coherent transmission in TDD DL COMP, and hence weakens the strong points of non-codebook based transmission.

This contribution analyzes the transmitting adjustment and compensation scheme for the DL coherent COMP, which can overcome the performance degradation due to propagation delay (within or beyond CP length) and hence keep the competence of non-codebook based coherent transmission.
2. Problem description
Only if the sum of the multi-path and the propagation delay exceeds the CP length, the UE will lose some useful power within its detection window. As shown in Fig. 1, the cell 1/2/3 achieve GPS synchronization and simultaneously transmit DL signals to the target UE, which is assumed to keep synchronization with cell 1. The UE can only detect part of the cell 2&3’s power in the detection window due to the propagation delay. Here assuming the signal sequences from cell 2 and cell 3 are later and earlier than the cell 1’s respectively.
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Fig. 1 Unsynchronization resulting from the propagation delay
Besides the reception power loss, the propagation delay further spoils the coherency of the channel impulse responses among the COMP cells via introducing the phase rotation
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 are the sub-carrier index, propagation delay, FFT size respectively. Therefore, the performance of coherent transmission is seriously influenced even if the propagation delay is relative small.
3. Transmitting adjustment & compensation
The basic idea is to make the unsynchronized cells cyclically move the transmitted OFDM symbols to adjust to the UE’s reception window. To be specific, the COMP cells (e.g., cell 2 in Fig. 1) transmitting “later arrived” signals should cyclically left-shift the OFDM symbols by 
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 is the propagation delay); the COMP cells (e.g., cell 3 in Fig. 1) transmitting “earlier arrived” signals should cyclically right-shift the OFDM symbols by 
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 samplings. Fig. 2 illuminates the adjustment scheme for the unsynchronized DL COMP.
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Fig. 2: Transmission adjustment for unsynchronized DL COMP
With the transmission adjustment, the OFDM symbol fragments within the UE’s detection window keep the synchronization with the serving cell, and hence maintain the coherency among the COMP cells.
Then the remained influence of the propagation delay is the transmitting power loss (including the interference from the unsynchronized OFDM symbol fragment). Targeting this influence, the serving cell can transmit the compensated signals to eliminate the influence of the power loss and interference. Fig. 3 is an illumination of the transmission compensation.
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Fig. 3 The synchronized cell help to transmit the clipped signals

Taking transmitting diversity as an example, below we show how to get the compensated signals. Assuming three coordinated cells, the received signals at the targeting UE side are:
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Where 
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is the received time-domain signal at time 
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 is the channel parameter of path 
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 transmitted signals of cell 
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is the multi-path number, 
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is the Gaussian noise. 
Taking cell 2 in Fig. 3 as an example, the power loss of cell 2 is
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, where, 
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 is the propagation delay of cell 2. Attaching zeros at the end of 
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 to form a complete OFDM symbol 
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 (CP removed), the equivalent frequency-domain power loss for the targeting UE can be figured out by FFT conduction 
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. The signals of 
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 corresponding to the target UE’s sub-carrier are reserved, and the other signals are set as zero so as to get the compensated power loss
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The compensated signals for the interference fragment can be achieved by similar conduction. Please notify that the compensated signals should be multiplied with -1 so as to cancel the interference.
Besides the serving cell, the compensated signals can be even transmitted in the unsynchronized cells to provide a more flexible allocation. 
There will be power increase in the overlapped periods due to the signal superposition. While considering the duration of the clipped fragment is quite smaller than one OFDM symbol, the power increase won’t obviously influence the total reception performance.
In coherent transmission, the COMP cells (or the central Node) need to know all the channel information and transmitted signals; hence the proposed scheme won’t increase the backhaul transmission.

4. Simulation result

In order to verify the performance of the transmitting adjustment and compensation scheme, the simulation is carried out based on following assumptions:

	eNB antenna number
	2

	UE antenna number
	2

	Carrier Frequency
	2GHz

	UE’s Velocity
	3 km/h

	UL RB number
	10

	Channel model
	SCM

	COMP Cells
	2

	SRS of the COMP cells
	FDM

	CE algorithm
	2-D Wienner filtering 


The MSE vs propagation delay between the unsynchronized and the synchronized signals is simulated in Fig. 4. The transmitting adjustment itself can reduce the MSE to 0.1 (10us), which can satisfy the requirement under most deployment scenarios. When transmitting compensation is further employed, the MSE can be reduced to 0.01 (10us), which can almost be neglected.
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Fig. 4: Performance comparison
5. Conclusions
Targeting the performance loss due to propagation delay in DL COMP, this contribution proposes to utilize the transmitting adjustment and compensation solution. That is, the unsynchronized cell cyclically shifts the signal sequence to keep the synchronization within the detection window, and the synchronized cell (or other unsynchronized cells) can help to transmit the compensated fragments for the power loss and interference. With the proposed solution, the UE only keeps synchronization with one cell, which makes it easy for implementation.

The concrete transmitting adjustment and compensation scheme may be implementation issue and unnecessary for standardization. While we suggest the TDD coherent DL COMP needn’t be limited to small propagation delay due to the proposed schemes in this contribution.
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