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1. Summary

In our previous contributions [11-15], we showed that conceptually, two simple CoMP schemes, namely, Single Frequency Network (SFN) precoding and its extension with antenna selection (AS-SFN precoding) can result in significant improvement in cell edge performance compared to a Release 8 non CoMP baseline. 
During last RAN1 meeting, it has been agreed that individual per-cell feedback is the baseline for DL CoMP schemes and complementary inter-cell feedback might be needed [1]. Apart from that, the detailed explicit, implicit or SRS-based feedback designs, if any, are still FFS. Considering the above agreements, in this contribution we address the feedback requirements for SFN and AS-SFN precoding schemes. In addition, we present more detailed system-level simulation results to validate the performance of the aforementioned precoding schemes and compare its performance to a global precoding (GP) scheme. We show that a simple SFN precoding scheme can achieve significant gains over a non CoMP baseline for the cell edge users. Moreover, AS-SFN precoding can bring further enhancement, achieving comparable performance to GP while having slightly lower overhead and significantly less complexity. 
2. Introduction

In our previous contributions [11-15], we discussed and compared various precoding schemes for DL JT CoMP. We observed that a very simple precoding scheme (SFN precoding) is effective in enhancing the cell edge throughput. We also demonstrated that a very simple “placeholder antenna” solution can alleviate the problem of applying SFN precoding in heterogeneous antenna configuration scenarios where each site has an unequal number of antennas. In addition, we showed that by selecting a subset of the antennas at the transmission points, we can further enhance the performance of SFN precoding. In this contribution, we discuss the feedback issue for the interested CoMP schemes and simulate the performance of SFN and AS-SFN precoding assuming 4 transmit antennas at each of the joint transmission points and 2 receive antennas at the UE terminals. We also show that AS-SFN precoding achieves ITU's target rate for cell edge UEs [20]. 
3. Description of the AS-SFN precoding scheme
Assuming that the UE or eNodeB can estimate each of the downlink channels (e.g. by using CSI-RS) from the individual cooperating transmission points to the UE, the eNodeB or UE can select a subset of transmit antennas from each of the cooperating points in order to obtain the “best” equivalent channel at the UE, depending on the chosen metric (e.g. maximum eigenvalue, capacity, outage, BER, etc). Antenna Selection in principle eliminates the destructive combining of signals at each of the receiving antennas, resulting in maximizing the received SNR. Antenna selection is also more efficient from a resource allocation perspective. In a typical CoMP setup, the number of receive antennas is likely to be much lesser than the total number of transmit antennas from all the transmission points. Hence for the CoMP UE’s in order to make the most efficient use of resources, it might be better to select a subset of the transmit antennas at each of the transmitting points and reallocate the power amongst the selected antennas. In our simulations we observe that by using transmit antenna selection in a low SNR region (typically for edge UEs), we can significantly improve the cell edge spectral efficiency. This result is in agreement with well known results published by Telatar [17], indicating that in low SNR regions, it might be more efficient to use a subset of transmit antennas. 
4. Feedback requirement
Regarding the issue of feedback overhead (when the eNodeB cannot independently select the subset of transmit antennas), AS-SFN precoding scheme may require a few additional bits of feedback (depending on the type of feedback) compared to the simple SFN precoding scheme in order to notify the CoMP cells of the antenna selection map. In the context of the already agreed way-forward [1], the required feedback of AS-SFN precoding scheme can be described as per-cell antenna selection bitmaps, plus some forms of complementary inter-cell precoding and link adaptation information (e.g., RI, PMI, CQI, etc.). For example, for a system consisted of two cooperating bases stations, each equipped with two transmit antennas, 2-bit indicator per cell is needed to denote the on-off status of the Tx antennas at base stations, resulting in a maximum of 4 bits of overhead in addition to a single RI/PMI/CQI feedback. Figure 1 illustrates such kind of feedback method, which is in alignment with the current RAN1 agreement.
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Figure 1: Illustration of the feedback for AS-SFN
However, it is usually not necessary to search over all possible combinations of antennas from the cooperating base stations (for instance, some combinations require no antennas to be selected from one of the transmitting points hence that transmission point can be effectively eliminated). Using a restricted search space from the combinations of antennas, the number of feedback bits required for antenna selection can be reduced. In [12-15] we noted that even with a limited search space such that only one antenna is dispensable at each transmission point, the performance of AS-SFN precoding still has a significant gain over SFN precoding and can achieve capacity comparable to a GP scheme. Alternatively, for implicit feedback, the PMI space for CoMP operation can be expanded to allow implicit signaling of the antenna selection map. 
5. Simulation Results 

Simulations were conducted to compare the performance in terms of “Cell edge Spectrum Efficiency” for 5 schemes: SFN precoding, AS-SFN precoding (codebook based and full CSI assisted), codebook based GP scheme and no-CoMP scheme (baseline). In our simulations, for simplicity, we focused only on the CoMP UE’s. Based on pathloss measurements (found empirically by generating 10,000 uniformly distributed UE’s in a cell), the worst 10-percentile UE were selected for CoMP transmission. The cell edge UE throughput is obtained from the 50-percentile CoMP throughput.
The GP codebook can be generated by extending the existed Rel. 8 precoding mechanism to a larger spatial dimension case with new design of precoding codebook [4]. Alternatively, one can perform local precoding [9], which concatenates multiple Rel.8 precoding codebooks to construct a GP codebook. Here, for simplicity, we evaluate the second option in the simulations. Since our simulation model contains 3 CoMP joint transmission points, each equipped with 4 Tx antennas, we get 12-Tx precoding codebook for GP scheme by concatenating 3 Rel.8 4-Tx precoding codebooks. Therefore, the codebook-based GP scheme requires each CoMP UE to feedback different PMIs for different cooperating transmission points. We also observed that codebook-based GP scheme is quite computationally intensive. In our example, since there are 16 codewords in Rel.8 4-Tx precoding codebook, yielding 163 = 4096 codewords for 12-Tx GP scheme, there is significant complexity from the UE perspective in finding the optimal PMI. 
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Figure 2: System-level simulation results

The detailed simulation parameters and CoMP scenario are described in Annex A.1, and the detailed results are plotted in Figure 2. For AS-SFN precoding scheme, again we employ the rule that at least 3 antennas at each CoMP joint transmission point are selected [12-15]. The comparison of numerical results (95% confidence intervals) for the different precoding schemes is listed below in Table 1. 
Table 1: Comparison of different precoding schemes for DL JT CoMP
	Scheme
Description
	Spectrum efficiency

[bps/Hz/cell/user]
(same definition as that in 36.913)
	PMI Overhead
	Percentage Gain by using CoMP

	No CoMP
	0.0277 ± 0.0022
	one PMI 
	-

	SFN precoding
	0.0497 ± 0.0016
	one PMI 
	80%

	AS-SFN precoding
	0.0597 ± 0.0019
	One PMI (and per cell antenna selection signaling) 
	116%

	AS-SFN precoding
(full CSI)
	0.0719 ± 0.0021
	Full CSI feedback of the combined channel under the assumption of antenna selection
	160%

	Codebook based GP scheme (without antenna selection)
	0.0635 ± 0.0020
	Separate PMI for individual transmission point
	129%


Based on the simulations, we observe:

· By using a simple precoding (SFN precoding) whereby each of the transmission points use the same precoding weights, the performance over a baseline non CoMP transmission can be improved by around 80%
· By using a subset of transmit antennas at each of the transmission points (AS-SFN precoding), the edge UE throughput is further enhanced from the baseline by around 116% to 0.06 bps/Hz/cell/user, which turns out to be the ITU's target rate for cell edge UEs [20]. It should be noted that the antenna selection overhead can be fed back implicitly within the PMI or other signaling techniques could be used to reduce the overhead further. 
· AS-SFN precoding scheme exhibits similar performance compared to the concatenated codebook based GP scheme (without antenna selection). This can be attributed to better resource utilization (number of antennas, power, etc.) of the AS-SFN precoding scheme. It also highlights the importance of antenna selection for CoMP operation. In order to maintain a fixed transmit power per antenna, the scheduler can pair UE’s and antennas (e.g. for MU-MIMO CoMP) such that a constant power is maintained per antenna. Moreover, there is also a need for optimized codebook design that take into account the large number of transmit antennas available for CoMP operation.
· It is worth noting that although GP scheme achieves slightly better performance than AS-SFN precoding, the complexity of GP scheme is quite formidable which would significantly increase the UE complexity. The performance of sub-optimal lower complexity schemes such as weighted local precoding with antenna selection may be quite promising and is for further study. 
· Full CSI under the assumption of antenna selection can take AS-SFN further with additional 20% gain, which indicates that advanced CSI feedback scheme such as explicit feedback [19] would be quite beneficial to further leverage the performance of AS-SFN.
6. Conclusion

In this contribution, we simulated the performance of different CoMP precoding schemes (baseline non CoMP, SFN precoding, AS-SFN precoding and GP). We show that a very simple SFN precoding scheme can achieve significant gains over a non CoMP baseline for the cell edge users. We also show that in general since the number of cooperating transmit antennas is much larger than the number of receive antennas at the UE, it is better to select a subset of transmit antennas at each of the cooperating transmission points. AS-SFN precoding achieves a good balance between performance, complexity and feedback overhead. Given the simplicity and low feedback overhead of SFN and AS-SFN precoding, we recommend them as candidates for a default CoMP operation mode. We propose that the per cell feedback mechanisms (either implicit or explicit) allow for the possibility for antenna selection at the cooperating transmission points.
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A.1: Simulation parameters and setup of CoMP area
	Parameter
	Assumption

	Cellular Model and Layout
	Hexagonal grid, 3 Node-Bs, 3 cells per Node-B.

	Cells employing CoMP (CoMP cells)
	Cell 1, Cell 5, Cell 9

	UE’s position
(see Figure 3)
	CoMP UEs: edge UEs (the worst 10-percentile UEs); serving cell and 2 strongest non-serving cells are permutations of Cell 1, Cell 5, Cell 9

	
	Non-CoMP UEs: Dropped uniformly in cells

	Number of UEs in each CoMP cell
	15

	Number of UEs in each Non-CoMP cell
	30

	Carrier Frequency / System bandwidth
	2GHz / 10MHz 

	Number of subcarriers
	600

	Number of resource blocks (RB)
	48

	Number of subcarriers per resource block
	12

	Group RB size
	4 RBs

	Number of group resource blocks (GRB)
	12

	Inter-site distance
	500m (3GPP case1)

	Distance-dependent path loss
	L=128.1+ 37.6log10(R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between Node-Bs
	0.5

	
	Between cells
	1.0

	Penetration Loss
	20dB

	Antenna pattern
	As in 36.814 (below)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Thermal noise density
	-174dBm/Hz

	Minimum distance between UE and cell
	35 meters

	Channel model
	SCM-C defined in 25.814

	UE speeds of interest
	3kmh (Doppler freq.=5.56Hz)

	eNB power class
	46dBm

	Number of UE antennas
	2

	Number of cell antennas
	4

	Multi-layer transmission
	Rank adaptive (up to 2 layers)

	Inter-cell Interference Modeling
	Out-of-cell interference is freq. selective. Channels from all cells (in the 3 eNBs model) to all CoMP UEs were explicitly modeled

	HARQ
	None

	Scheduler
	Proportional fairness

	Scheduling delay
	1 TTI

	CSI feedback delay
	3 TTI

	CSI feedback period
	5TTI

	BLER threshold
	0.1

	MCS Set
	QPSK
	R = {1/3, 1/2, 2/3, 4/5} 

	
	16QAM
	R = {1/2, 2/3, 3/4, 4/5}

	Coding
	Release 6 Turbo Coding

	Precoding scheme for CoMP UEs
	AS-SFN precoding (codebook based and full CSI assisted); SFN precoding; 

codebook based global precoding

	Precoding scheme for Non-CoMP UEs
	LTE Rel. 8 precoding scheme

	Codebook for 4-Tx precoding
	4-Tx antenna codebook defined in 36.211

	Codebook for 12-Tx precoding
	Concatenation of three 4-Tx antenna codebook defined in 36.211
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Figure 3: setup of CoMP area

CoMP area
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