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1. Introduction

For Joint Transmission (JT) in non-MBSFN subframes, since distinct cell specific CRS shifts are applied across the JT cells, the CRS RE of one JT cell thus collides with the PDSCH RE of the other JT cells. In PDSCH transmission mode 9 (TM9), UE-RS with precoding is applied for coherent detection. Therefore, UE specific beamforming weights are applied on the PDSCH REs and may vary across time and frequency. When the CRS with constant beamforming weights collides with the PDSCH with varying beamforming weights, strong inference occurs. As discussed in [1, 2], one straightforward solution is to mute those PDSCH REs collided with the CRS and apply PDSCH rate matching around those REs. One direct drawback for muting is PDSCH capacity degradation [2]. Another drawback is that legacy UE may underestimate the interference level since the interfering PDSCH is muted on the measured CRS REs. It is desirable to develop a solution without the two drawbacks. 
We notice that CRS-IC receiver has been discussed intensively in FeICIC WI [3]. The conclusions on FeICIC [4] discussion are re-capped as below:

· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbour cell(s) is needed

· Information on which subframes in neighbouring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

· FFS the additional need for rate matching around CRS of neighbour cell(s) – also discussed in CoMP WI

If CRS-IC receiver can be assumed in all Rel. 11 UE implementation, we can design a better approach to solve the CRS/PDSCH RE collision in JT. This contribution proposes using a CRS-IC receiver to solve the CRS/PDSCH colliding issues. We have proposed the same solution in RAN1 68 [5].
2. Cancellation of CRS Interference
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Fig.1 Example of CRS muting in JT
Figure 1 shows an example of joint transmission from two JT cells. Each JT cell has two CRS ports and the two frequency shifts for the two JT cells are different. We are focusing on the data transmission on the fourth OFDM symbol since it contains CRS in the data region. The most straightforward way to support JT is to mute those CRS-collided PDSCH REs.
Since muting the PDSCH has drawbacks, cancelling the CRS interference on the collided REs can be a desirable alternative. In this approach, the PDSCH and CRS are both sent on the collided REs and the receiver relies on successive interference cancellation (SIC) for decoding the PDSCH. Specifically, the receiver first detects the CRS and estimates its channel response. Then, the received CRS on the collided RE is reconstructed and subtracted out from the superimposed, received signal. Finally, the remaining PDSCH is detected in the absence of the strong CRS strong interference. Since channel estimation error exists, the CRS interference cannot be completely removed and the residual interference degrades the SINR of collided RE. For the example in Figure 2, the PDSCH data symbol s is sent on twice on two collided REs, i.e. RE 16 of cell1 and cell 2, respectively. 
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Fig.2 Example of non CRS-muting in JT
Fig. 2 gives an example where both PDSCH and CRS are sent on the collided REs. Unlike CRS-muting that mutes the PDSCH RE transmission of one JT cell when another JT cell transmits CRS in the same RE, in non CRS muting case, two JT cells can fully utilize the collided RE to send CRS and PDSCH. If we only focus on one RE such as PDSCH RE 16 in Fig. 2, it can be viewed as spatial multiplexing between CRS from one JT cell and the PDSCH RE from another JT cell. The mathematical expression for using one pair of CRS-collided PDSCH REs to transmit PDSCH RE 16 can be explained as below equations:
Firstly the transmission of one PDSCH RE over a pair of CRS-collided REs can be expressed as:
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where [image: image5.png]


 is the received vector when PDSCH of cell [image: image7.png]


 sends data (vector or symbol) [image: image9.png]


; [image: image11.png]


 is the CRS sent by cell [image: image13.png]


; [image: image15.png]


 is the downlink channel matrix from cell [image: image17.png]


 to the UE; [image: image19.png]


 is the beamforming matrix for sending the data [image: image21.png]


 from cell [image: image23.png]


 to the UE; [image: image25.png]


 is the antenna selection vector e.g. [image: image27.png]. 0]7



for cell [image: image29.png]


; [image: image31.png]


 is the noise vector seen by the UE when cell [image: image33.png]


 sends PDSCH data [image: image35.png]


. It should be noticed that the full beamforming matrix of the joint transmission on the non-collided RE is [image: image37.png]


. Namely, the full beamforming matrixes of the joint transmission on the collided RE are [image: image39.png]


 and [image: image41.png]


 with [image: image43.png]


 +[image: image45.png]


, corresponding to the upper and lower parts of [image: image47.png]


, respectively.  In other words, UE observes different parts of the full beamformed channel on each collided RE. 
After cancelling the CRS interference, UE can combine the two partial observations to get the full observation of data [image: image49.png]


 as
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It should be noticed that [image: image52.png]H¥ = [HF H¥]



 is the full channel matrix for joint transmission on the k-th RE and [image: image54.png]


 is the beamforming matrix for the non-collided RE. Finally, the UE can use UE-RS to coherently decode the PDSCH using the observations from both collided and non-collided REs.
3. Performance Evaluation of  JT with CRS/PDSCH colliding
In this section we compare the link level performance of two alternatives for JT with CRS/PDSCH colliding:
Alternative 1: CRS muting of and PDSCH rate matching around for all CR-collided PDSCH REs (shown in Fig. 1)
Alternative 2: Use a pair of CRS-collided PDSCH REs to transmit one PDSCH RE (shown in Fig. 2)
Fig.3 and Fig.4 show the performance comparison of alternative 1 and alternative 2. In Fig. 3, no antenna gain imbalance (AGI) is applied between the antennas of the two JT cells; In Fig. 4, 9dB AGI is applied between the antennas of the two JT cells. Detailed simulation assumptions are shown in the Appendix. We can see that alternative 2 outperforms alternative 1 due to more REs are available for PDSCH transmission. 
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Fig.3 Comparison of Alt. 1 and Alt. 2 without AGI                                          Fig.4 Comparison of Alt. 1 and Alt. 2 with 9dB AGI 
Observation: For joint transmission with CRS/PDSCH colliding, using a pair of collided CRS/PDSCH REs to transmit one PDSCH RE has throughput gain compared with CRS muting; Furthermore, this transmission scheme has no impact on legacy UE’s interference measurement.
4. Conclusion
In this contribution we have studied the joint transmission CoMP with CRS to PDSCH collision avoidance techniques. It has been found that conventional CRS muting scheme with rate matching notably decreases PDSCH throughput of JT CoMP, In order to address this problem we have proposed sending an additional PDSCH symbol over a pair of CRS REs that collide with PDSCH REs. It was shown that when CRS interference cancelation receiver is used at UE, this scheme has throughput gain over conventional CRS muting scheme. In addition, the proposed scheme doesn’t have negative impact on interference measurements of legacy UE’s. Thus we propose the following:
Proposal: Consider CRS interference cancellation scheme that uses one pair of collided CRS/PDSCH REs for demodulation of one PDSCH RE to support JT CoMP in CoMP Scenarios 1-3. 
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6. Appendix
Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz/50RB (2 OFDM symbols for PDCCH)

	Channel Model
	ETU 3km/h;

	Antenna Configuration
	2 JT cells in total; || -> ||; without AGI or with 9dB AGI

	Reference Signal
	Each JT cell has 2 CRS ports; 2 CSI-RS ports; 1 UE-RS port.

	Feedback
	Random beamforming

	Maximum HARQ
	4

	Receiver Type
	Linear MMSE

	Channel Estimation
	MMSE with PRB Bundling
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