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1 Introduction
During the study item phase of RAN2 small cell enhancements study [1], a “dual connectivity” operation was defined, where a UE consumes radio resources provided by multiple network points connected with non-ideal backhaul. Although “dual connectivity” originally targets non-ideal backhaul, RAN2 has been more focused on the throughput improvement of inter-frequency dual-connectivity dual connectivity can be applied to fast backhaul links in order to improve the SINR by turning interference into a signal that can be subtracted at the receiver side when intra-frequency dual-connectivity is considered. In RAN1, network assisted interference cancellation and suppression (NAICS) [2] is being studied for mitigating intra-cell and inter-cell interference. The main throughput improvements of such techniques come from more advanced receivers, including the CRS-IC receiver, by utilizing the additional assistance from network signaling.
Although NAICS aims at canceling intra-cell and inter-cell interference, it can be applied to the intra-frequency dual connectivity scenario as well. In this contribution, we show that the CRS-IC receiver can boost the performance when a UE is connected to two network points in the same frequency. In this scenario, PDCCH/EPDCCH is transmitted from one network point while PDSCH is transmitted from two transmission points simultaneously. The simultaneous transmissions are indicated to the UE through a single DCI.
2. Dual connectivity on the same frequency
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Figure 1: Example of dual connectivity on the same frequency
Figure 1 shows an example of dual connectivity from two network points. Each network point has two CRS ports and the frequency shifts of the two network points are different. We focus on data transmission in the fourth OFDM symbol since it contains CRS in the data region. One of the most straightforward ways to support dual connectivity is to mute those PDSCH REs which collide with CRS.
Since muting PDSCH has drawbacks such as capacity loss and under-estimation of interference, cancelling CRS interference on the colliding REs is a desirable alternative. In the CRS cancelation approach, both PDSCH and CRS are transmitted on the colliding REs and the the receiver can utilize successive interference cancellation (SIC) to decode the PDSCH. More specifically, the receiver first detects the CRS and estimates its channel impulse response. Then, the received CRS on the colliding RE is reconstructed and subtracted from the superimposed received signal. Finally, the remaining PDSCH is detected in the absence of the strong CRS interference. Due to channel estimation errors, the CRS interference cannot be completely removed and the residual interference degrades the SINR of the colliding REs. 
For the example in Figure 1, PDSCH data symbol s is sent twice on two colliding REs, e.g., PDSCH RE 16 of network point 1 and network point 2. Using PDSCH RE 16 in Figure 1 as an example, we explain in the following how to send one data symbol, e.g., PDSCH symbol 16, over two CRS-colliding PDSCH REs. The received signals for detecting PDSCH symbol 16 can be written as follows:                          
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where [image: image4.png]


 is the received signal vector when PDSCH of network point [image: image6.png]


 sends data (vector or symbol) [image: image8.png]


, [image: image10.png]


 is the CRS sent by network point [image: image12.png]


, [image: image14.png]


 is the downlink channel from network point [image: image16.png]


 to the UE, [image: image18.png]


 is the beamforming matrix or vector for sending data [image: image20.png]


 from network point [image: image22.png]


 to the UE, [image: image24.png]


 is the antenna selection vector, and [image: image26.png]


 is the interference plus noise vector seen by the UE when cell [image: image28.png]


 sends PDSCH data [image: image30.png]


. It should be noted that the full beamforming matrix of dual connectivity on the non-colliding REs is [image: image32.png]


. Namely, the full beamforming matrices of dual connectivity on the colliding REs are [image: image34.png]


 and [image: image36.png]


 with [image: image38.png]


 +[image: image40.png]


, corresponding to the upper and lower parts of [image: image42.png]


, respectively.  In other words, the UE observes different parts of the full beamformed channel on each of the two colliding REs. 

After cancelling the CRS interference, the UE can combine the two partial observations to get the full observation of data [image: image44.png]


 as
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Note that [image: image47.png]H¥ = [HF H¥]



 is the full channel matrix for dual connectivity on the k-th data symbol and [image: image49.png]


 is the beamforming matrix or vector for the non-colliding RE. Interestingly, the combined signal in (2) has the same channel and beamforming structure as the signal received over any non-colliding REs. Therefore, the UE can uniformly detect the PDSCH symbols received from both colliding and non-colliding REs using UE-RS and coherent detection.
3. Performance Evaluation
In this section, we compare the link level performance of the following two alternatives for dual connectivity with CRS/PDSCH colliding:
Alternative 1: CRS muting: the PDSCH is rate-matched around all CRS-colliding PDSCH REs 
Alternative 2: CRS IC: Use a pair of CRS-colliding PDSCH REs to transmit one PDSCH symbol as shown in Figure 1 and explained in Section 2.
Figure 2 and Figure 3 show the performance comparison of Alternative 1 and Alternative 2. In Figure 2, no antenna gain imbalance (AGI) is applied between the antennas of the two network points. In Figure 3, a 9 dB AGI is applied between the antennas of the two network points. The detailed simulation assumptions are provided in the Appendix of this presentation. We can see that Alternative 2 (blue curve) outperforms Alternative 1 (red curve) due to fact that additional REs are available for PDSCH transmission. 
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Figure 2: Comparison of Alt. 1 and Alt. 2 without AGI      Figure 3: Comparison of Alt. 1 and Alt. 2 with 9dB AGI
Observation: For dual connectivity with CRS/PDSCH colliding, using a pair of colliding CRS/PDSCH REs to transmit one PDSCH symbol has more than 5% throughput gain compared to CRS muting. Besides the throughput gain, another advantage of this transmission scheme over CRS muting is that Alternative 2 does not affect legacy UE interference measurement.
4. Network signaling assistance

In Rel-11, the PDSCH RE Mapping and Quasi-Co-Location Indicator field has been defined for DCI format 2D. It is straightforward to extend this field to support two network points. This can be supported by either increasing the DCI format 2D QCL field bit length to 3 bits or by updating the definition of this field in the RRC specification.
5. Conclusion
In this contribution, we present solutions for the intra-frequency dual connectivity scenario with CRS interference. It is shown that the conventional CRS muting scheme with rate matching decreases the PDSCH throughput of intra-frequency dual connectivity. In order to address this issue, we propose sending an additional PDSCH symbol over a pair of PDSCH REs that collide with the CRS REs. It is shown that when the CRS interference cancelation receiver is used at the UE, this scheme increases the throughput by more than 5% over the conventional CRS muting scheme. In addition, unlike CRS muting the proposed scheme does not impact interference measurements of legacy UEs. Based on this study, we propose the following:
Proposal 1: Extend the QCL field in DCI format 2D to support dual connectivity reception.

Proposal 2: For two network points with two different CRS shifts, adopt the symbol to RE mapping scheme in Figure 1.
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Appendix
Simulation Assumptions

	Parameter
	Value

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

	Channel Model
	ETU 3km/h

	Antenna Configuration
	2 network points in total; || -> ||; without AGI or with 9 dB AGI

	Reference Signal
	Each network point 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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