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1 Introduction

In the SI of DL MIMO enhancement [1] scenario B, low power TX points are deployed within the macrocell coverage. These low power TX points can be deployed either indoor or outdoor, and they may share the same PHY cell ID as the macro cell. This is similar to the case of CoMP scenario 4 [2]. 
Virtual antennas formed by multiple physical antennas at different TX points transmitting in a SFN fashion is a relatively easy way to take advantage of distributed antenna deployment. It is also an effective ways to reduce the effective number transmitting port (therefore reduces the feedback overhead) when the number of TX antennas is high. A UE served by a vitural antennas are actually served by a set of physical antennas deployed in multiple TX points. Because the large distance separating these physical antennas, the received power levels at a UE from different physical antennas are different. The antenna ports of RRHs which are virtualized as the same virtual antenna can transmit the same RS and data symbols in the relevant REs. Different set of virtual antennas can transmit on separate CSI-RS ports. With antenna virtualization, there is no need for a UE to know the detailed composition of each virtual antenna, making it easy to reuse the same channel estimation scheme of Rel. 10 MIMO. The channel estimation, feedback and joint transmission can take place like that of traditional SU-MIMO or MU-MIMO scheme with only minor changes required. 

We use two RRHs each with 4 TX antennas as an example. Let the Tki be the TX antenna  i at RRHk, i = 0,1,2,3 and k = 1,2. Through antenna grouping and virtualization, up to 4 virtual antenna ports Pi, i=0,1,2,3, can be constructed and used for joint transmission.. Let hkij be the channel coefficient from Tki to the UE receiver antenna Ri, and H1 and H2 be the channel matrix from RRH1 and RRH2 to UE. There are two alternatives to channel virtualization, considered here for a UE with 2 RX antenna R0,1:  
Alt 1: Pi=Ti1+ Ti2, i=0,1,2,3. A virtual antenna port consists of a pair of corresponding antennas located on different RRHs. The effective channel matrix from the virtual antenna ports to the UE is given by:
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Alt 2: P0=T01+ T11, P1=T21+ T31, P2=T02+ T12, P3=T22+ T32,; a virtual antenna port is consists of a pair of antennas on the same RRH.  The effective channel matrix from the virtual antenna port to the UE is given by:
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Based on the channel measurement on the CSI-RS signal jointly sent over the virtual antenna ports, the UE computes and feedback the CQI/PMI/RI of the virtual antenna ports. Alternatively, if RRH1 and RRH2 send their own CSI-RS on separate ports, UE could also compute HALT1 or HALT2 from the individual channel H1 and H2 using the above formula and provide the feedback for the virtual channel. In the latter case, the composite channel (HALT1 or HALT2) may appear better than H1 or H2 alone, especially when the relative phase of H1 and H2 can be taken into account and adjustment can be made at the RRHs. When the UE has the freedom to choose the best antenna ports (from RRH1 or RRH2 alone, or the virtual antennas), the eNB needs to provide guidance in a RRM message on how it should choose the antenna ports for feedback. For example, it may choose to feedback the virtual antenna ports only when its capacity is higher than RRH1 by a given margin.

A key difference between this case and traditional MIMO is the pathloss and shadowing from the TX antennas at the RRHs to the UE may be different, and power imbalance occurs. Assume all the low power RRHs transmit with the same power, and assume the signal received from RRH1 is stronger than from RRH2 by dPL dB, dPL > 0. The channels from all the physical antenna ports on a same RRH to a UE are correlated and exhibit the same pathloss and shadowing, but are not correlated with the channels from antenna ports of different RRHs , which may exhibit different pathloss and shadowing. The virtual antennas exhibit different characteristics due to the different ways the antennas from the two RRHs are paired in Alt 1 and Alt 2. In Alt 1, all elements in HALT1 are all correlated and they all have the same strength (i.e. the received signal at UE from them all exhibit the same pathloss and shadowing).  In Alt 2, the first two columns of HALT2 are uncorrelated from the second two columsn, but they have different strength, i.e. virtual antenna ports P0,1 and P2,3 exhibit different pathloss and shadowing. Correlation reduces the capacity of the spatial channel. On the other hand, difference in the pathloss and shadowing exhibited by the virtual antennas will lead to increased mismatching between the effective channel and the current codebook in Rel 10. From backward compatibility and receiver simplicity point of view, it is desirable that the same Rel 8/10 codebook can be reused. The existing codebook in Rel. 8 and Rel. 10 are designed for channels which all the paths have the same strength. The two alternative virtualization schemes have different trade off in these two aspects.
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Figure 1. CoMP JP transmission (4x2) throughput with channel virtualizion scheme Alt 1 (blue) and Alt2 (red). Alt 1 performs independently of dPL, while Alt 2 degrades as pathloss difference dPL increases (dPL increases from 0 to 18 dB with 3dB step from left to right). 
We used link level simulation to evaluate their performance under different pathlosses. Figure 1 shows the throughput of 4x2 transmission from the 2 RRHs to UE under the 2 alternative channel virtualization schemes and different pathloss differences dPL. As expected, Alt 1 does not suffer from pathloss differences or received power imbalance because the difference is compensated by having pairs of antennas transmitting from difference RRHs as a virtual antenna port. Alt 2 shows performance degradation as dPL increases, as the mismatching between the Rel 8 codebook and the power-imbalanced channel increases. However, due to  less correlation between the virtual ports of Alt 2, Alt 2 achieves slightly higher capacity than Alt 1 for small dPL (<3dB). Simulation results using 4x4 transmission showed very similar results. Clearly Alt 1 is superior to Alt 2 in most cases and could outperform Alt 2 by up to 3 dB when the pathloss difference is large.  We propose Alt 1 as the choice for antenna virtualization.
2 Conclusions

Based on the discussion above, we make the following proposals:

Proposal 1: For small cell RRH without separate cell ID (scenario B), consider forming virtual antennas from multiple RRHs.
Proposal 2: Consider Alt 1 as antenna virtualization scheme for low power RRH, i.e. a virtual antenna represents multiple physical antennas on different RRHs, and the all the virtual antennas involved in joint MIMO transmission have the same geographical distribution on the RRHs.
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Appendix. Assumptions in full buffer traffic
The detailed simulation assumptions for Figure 1 are given as follows: 

	Parameter
	Value

	System bandwidth
	10 MHz FDD

	Channel model
	SCME, urban-macro

	UE speed
	3 km/h

	Antenna pattern
	4 Tx antennas per RRH, 4 λ-spaced: X X

	Transmission bandwidth
	6 RB

	Network synchronization
	Synchronized

	Transmission scheme
	SU-MIMO 4x2

	Codebook
	Rel 8 4 TX codebook

	UE receiver
	MMSE

	Channel estimation
	Ideal
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