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1 Introduction
Coordinated Multi Point (CoMP) transmission is a candidate technology for LTE-A, which can improve cell average and cell edge user throughput. A popular scheme for downlink CoMP transmission is for the UE to assume that it accesses only the anchor cell, i.e. CRS patterns, DRS pattern and the available REs for PDSCH are associated to the anchor cell only. We call it “anchor cell related scheme” in this paper. Some arguments have been made that the UE would therefore not need to know the active CoMP set, despite the potential for performance degradation.  
In the RAN1 55bis meeting, many proposals have related analysis to this statement [1-3]. [1] Presents that there are three issues for this transmission scheme: unequal control region, CRS frequency shift in assistant cells and different multi-cell DRS patterns. This contribution aims to analyze the multi-cell CRS frequency shift issue, give possible solutions and its impact on radio interface, transmitter and receiver behavior.  Other issues would be discussed in detail in [5].
It is noted that two requirements are proposed here for CoMP system design:

· CoMP and/or other LTE-A design, shouldn’t degrade the performance of LTE R8 UEs and non-CoMP R10 UEs;
· Under the above requirement, the scheme with maximum CoMP gain should be adopted.

Based on the above requirements and the following analysis, we propose that:
· The UE is informed of the active CoMP set.
· The transmitter punctures the data scheduled on the same RE as CRS position in that cell.
· The receiver neglects the data on any CRS position of other cells and won’t take it into detection & decoding process.
2 Analysis on multi-cell CRS frequency shift issue
We first restate the concepts of Anchor cell and Active CoMP set that are agreed in [4]:
· Anchor cell: UE only receives PDCCH from a single cell, called the anchor cell.
· Active CoMP set: Active CoMP set of a UE is defined as a set of cells scheduled to cooperatively transmit PDSCH to UE.

For the convenience of description, the concept of assistant cell(s) is introduced in [1]. Assistant cell(s) of a UE is defined as the set including all cells in Active CoMP set except Anchor cell.
As we described in [1], the CRS pattern in different cells have cell-specific CRS frequency shift. As shown in figure1, the data might be scheduled to be transmitted on the same RE as CRS in the same cell if the PDSCH resource mapping is associated to the anchor cell only. How to deal with this collision is a challenge to the anchor cell related scheme. 
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Figure 1 CRS patterns with different cell-specific frequency shifts in cell1 and cell 2

On top of [1], two questions have to be solved if the downlink transmission is transparent to UE, i.e., UE is not aware of the cooperative cells or its Active CoMP set:

Question 1 – Whether CRS frequency shift should be avoided within the active CoMP set?

Question 2 – If not, how to handle the data transmission and reception if colliding with CRS on the same RE in the assistant cells?

2.1 Question1 -- Whether CRS frequency shift should be avoided within the active CoMP set? 
CRS frequency shift can effectively suppress the inference of neighboring cells; its benefit relative to non-frequency shift has been demonstrated by many previous works [6-11].
If CRS frequency shift is avoided through cell planning, there exist some drawbacks:

· The complexity of cell planning will increase and the flexibility will decrease. The special cell-IDs must be chosen for matching CoMP UEs. When different UE have different CoMP sets, this may result in the same shift being used for all cells in the network.
· The performance of PDCCH will degrade greatly. Due to full CRS collisions, the CRS power boosting will not be effective for either CoMP users or non-CoMP users. The performance of PDCCH due to non-frequency shift CRS will degrade greatly, thereby shrinking the coverage of PDCCH.. 
· The performance of PDSCH will also degrade greatly. If CoMP and non-CoMP users co-exist in the same subframe, CRS are used to estimate channel for non-CoMP users, the inaccurate channel will deteriorate the performance of PDSCH. Also, if CRS are used to estimate channel for CoMP users, the similar degradation will occur. In addition, channel measurement and handover measurement performance etc. will be affected severely.
The performance of PDCCH for CRS frequency shift and non CRS frequency shift is shown in Figure 2, the gain of CRS frequency shift over non CRS frequency shift can be 5dB at BLER of 1%. In other words, the performance of PDCCH if non CRS frequency shift is configured will deteriorate seriously. The detailed simulation parameters are listed in Annex A.
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Figure 2 the performance of PDCCH (2*2 SFBC) for different CRS configuration
Based on the requirements in introduction, the CoMP system shouldn’t harm the PDCCH detection performance of legacy UEs with non CRS frequency shift. Moreover, inheriting CRS frequency shift would benefit the PDCCH/PDSCH transmission for both CoMP and non-CoMP users.
Therefore, the CRS frequency shift is inevitable.
2.2 Question2 -- how to handle the data transmission and reception if colliding with CRS on the same RE in the assistant cells?

2.2.1 Transmitter behavior
There are two possible transmitter behaviours in this case:
· Transmitter behavior 1 - PDSCH data and CRSs are transmitted simultaneously on the same RE in the assistant cells.
Because of collisions between data signal and CRSs in the assistant cells, the accuracy of CRS-based measurement, channel estimation for PDCCH and/or PDSCH reception in the assistant cells will be deteriorated seriously for the UEs in the same subframe. The simulation result in [1] proves the above statement, so this option is not preferred for multi-cell joint transmission in CoMP. 

· Transmitter behavior 2 - PDSCH data is punctured if data and CRS collide on the same RE in assistant cells.
With this method, no data would be transmitted simultaneously with the CRS on the same RE so that it won’t affect the signal detection performance for non-CoMP users, which is the basic design requirement. Thus we adopt this transmission behavior in the following text.
2.2.2 Receiver behaviour
With anchor cell related scheme, DRS is used to estimate the composite channel of multiple cells. In this case, the data channel is inaccurate for the positions when other cells are transmitting CRS and there will be a performance loss on top of the macro diversity gain for PDSCH.  Thus we propose receiver behavior to deal with this problem:
· Receiver behavior - the receiver neglects the corresponding data on CRS position of assistant cells and won’t take it into detection & decoding process.
Note this receiver behavior requires that the UE is aware of the active CoMP set, even if DRS are used.

We compare the BLER performance of anchor cell related scheme with and without the proposed receiver behavior. Without the proposed method, the data channel, when other cells are transmitting CRS, is estimated by DRS. The detailed simulation parameters are listed in Annex B.
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Figure 3 the performance for different receiver behavior under QPSK modulation
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Figure 4 the performance for different receiver behavior under 16QAM modulation
As shown in Figure 3,  QPSK modulation, the gain of proposed receiver behavior over non proposed receiver behavior can be 0.5dB at BLER of 10% with coding rate = 1/2, and is 2dB with coding rate = 2/3.

The superior performance is more obvious with 16QAM.
Based on the above observations, the collision of CRS/data will cause significant performance loss for CoMP transmission. Therefore, we propose to adopt this receiver behavior in downlink CoMP transmission.
3 Conclusion 

This contribution analyzes the CRS frequency shift impact on anchor cell related CoMP downlink transmission scheme. We conclude that the CRS frequency shift is inevitable for the sake of backward compatibility, network planning flexibility, and performance. In addition, we propose three methods to implement the anchor cell related CoMP scheme:
· The UE is informed of the active CoMP set.
· The transmitter punctures the data scheduled on the same RE as CRS position in that cell.

· The receiver neglects the data on any CRS position of other cells and won’t take it into detection & decoding process.

Moreover, we propose two CoMP design requirements:
· CoMP and/or other LTE-A design, shouldn’t degrade the performance of LTE R8 UEs and non-CoMP R10 UEs;

· Under the above requirement, the scheme with maximum CoMP gain should be adopted.
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Annex A: 

This Annex gives the link-level simulation assumptions (Table 1). 

Table 1: Assumptions of Link-level simulation for PDCCH

	PARAMETER
	VALUES

	Bandwidth(Hz)
	10M

	Number of sub-carriers
	600

	FFT_size
	1024

	Modulation
	QPSK

	Channel estimation
	Real channel estimation

	Code rate(cr)
	About 0.05

	Allocated resource
	8 CCE

	Number of cooperating  sites
	2

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Channel Model
	Uncorrelated TU channel 30km/h

	Power boosting
	3dB


Annex B: 
This Annex gives the link-level simulation assumptions (Table 2). 
Table 2: Assumptions of Link-level simulation of solution1 and mapping of PDSCH and RS to OFDM symbols
	PARAMETER
	VALUES

	Bandwidth(Hz)
	5M

	Number of sub-carriers
	300

	FFT_size
	512

	Modulation
	QPSK(16QAM)

	Channel estimation
	Real channel estimation

	Code rate(cr)
	1/2,2/3

	Allocated resource
	4 RBs

	Number of cooperating  sites
	2

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Channel Model
	Uncorrelated TU channel 30km/h

	Number of data per subframe
	14

	CRC_length
	24
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