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1 Introduction

In 3GPP RAN1 #59bis meeting, the agreements were reached on the continuity of CoMP in Rel. 10:
· For Rel-10, any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP

· The Evaluation Scenarios and Assumptions for intra-site CoMP [1] were agreed.
According to the agreed evaluation assumptions, we provide the CoMP evaluation results in Full Buffer Traffic Model of both High Load (10UE) and Low Load (2UE), and VoIP traffic model. For all the evaluated scenarios, obvious CoMP gain over both R10 MU-MIMO and R8 SU-MIMO are observed, even if intra-site CoMP is used with no extra support on X2 interface. The simplest CoMP scheme CBS can bring 13% VoIP capacity gain over Rel.8 as well. Further evaluations of the Poisson distributed Burst Buffer Traffic Model will be provide in the future. 
In [1], the simulation assumption was changed from 3GPP Case1 (low spread) to 3GPP-case1 SCM-UMa (high spread), which causes some performance loss of both R8 SU-MIMO and R10 MU-MIMO as well as CoMP. R8 SU-MIMO misses the 3GPP requirement in all the scenarios, while R10 MU-MIMO misses the 3GPP requirement in FDD 2x2 and 4x2 in antenna configuration 1 (cross polarized antenna array). On the other hand, intra-site CoMP can meet the 3GPP requirements in most scenarios. Note that, even in the FDD 2x2 cases with both ULA and cross-polarized antennas, intra-site CoMP can provide about 30% or more gain of the cell-edge throughput over R8 SU-MIMO.
2 System Evaluation of Intra-site CoMP for Full Buffer Traffic Model
2.1 Comparison with 3GPP Requirement

3GPP TR36.814 [2] did not specify the number of UEs per cell in the system evaluation of full buffer traffic model. In addition, 36.913 defines the LTE-A performance requirement without differentiating the scenarios with different numbers of UEs per cell. To cover various realistic scenarios, we evaluate both 10UE/cell case and 2UE/cell case for the full buffer traffic model.
In addition, the recently agreed evaluation assumptions for CoMP change the SCM channel model parameters from low angle spread (8 o) to high angle spread (15 o). The simulation results show that such a modification of the SCM channel model parameter has an obvious impact on the system performance. When the SCM channel model is changed from Low Spread (8o) to High Spread (15o), the generated beam will be scattered to a larger angle and the transmission power will be decentralized, leading to less channel correlation for both frequency and time domain. This change results in less beamforming gain, more inter-cell interference in all scenarios and more inter-UE interference for MU-MIMO. For MU-MIMO, the resulting decreased SINR and increased difficulty for UE pairing or lower UE pairing gain, with the same feedback granularity. Therefore the performance of both R8 and R10, e.g. SU-MIMO, MU-MIMO and CoMP JP, degrade because of this channel model parameter modification. 
The evaluation results of 10 UE per cell scenario are shown in Figure 1. A larger gap of R8 SU-MIMO to the 3GPP requirement is observed, and MU-MIMO cannot meet the 3GPP requirement in FDD 2x2 for both antenna configuration 1 and 3 and FDD 4x2 antenna configuration 1. CoMP still exceeds the 3GPP requirement even with the large angle spread in most scenarios for both antenna configuration 1 (cross-polarized antenna) and 3 (ULA with 0.5 wavelength spacing).
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	(a). Antenna configuration 3: ULA with 0.5 wave length spacing
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(b). Antenna configuration 1: cross polarized antenna 
Figure 1. Full-buffer Traffic System Performance of LTE/LTE-A with 10 UEs/cell
2.2 Evaluation of intra-site CoMP Gain
2.2.1 Full Buffer High Load (10UE) Traffic

10 UEs per cell was assumed in the prior 3GPP evaluations for full buffer traffic. 

· In this scenario, UE density is high, and the system is resource-limited. A PF or enhanced PF scheduler may be used to allocate optimal resource blocks to UEs to guarantee high cell average throughput and cell edge UE throughput. 

· As there are many UEs in one cell or belonging to one site it is easy to find UEs to pair, which benefits MU-MIMO for both non-CoMP and CoMP schemes. 
As shown in Figure 2, obvious gain from CoMP can be observed for both FDD and TDD, with and without MU-MIMO. Larger CoMP gain in TDD is obtained due to accurate channel state information based on UL sounding and channel reciprocity. For FDD, the precoding is done based on the long-term channel covariance matrix and the subband short-term 4bit PMI as the additional inter-cell feedback [5].
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Figure 2. Gain of LTE-A over LTE for Full Buffer Traffic Model with 10 UEs/cell
2.2.2 Full Buffer Low Load (2UE) Traffic Evaluation

For the high data rate services, there is another important low load scenario with only few UEs per cell with each UE having full-buffer-like traffic. 
· In this scenario, UE density will be low, but the few UEs still use many resources. 

· For each cell, only a few UEs request service, possibly with high data rate, so UE pairing within a cell is very difficult and only small MU-MIMO gain can be obtained
· Multi-cell CoMP still has enough UEs available for reasonable MU-MIMO gains.
As given in figure 3, the evaluation results show that MU-MIMO can hardly work in such full buffer low load scenario, while significant CoMP gain with both SU-MIMO and MU-MIMO can be obtained. Just as in the full buffer high load scenario, higher CoMP gain is achieved in TDD than FDD due to better knowledge of the channel state information. 
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Figure 3. Gain of LTE-A over LTE for Full Buffer Traffic Model with 2 UEs/cell
2.3 Overhead Calculations for SU-MIMO, MU-MIMO and CoMP in FDD and TDD
The feedback overhead in UL considers the following: 

· For FDD, single-cell MU-MIMO is based on the adaptive codebook feedback scheme [4] with R8 codebook per sub-band; CoMP JP is based on a hierarchical multi-cell feedback scheme [5] with long-term channel covariance matrix and 4-bits sub-band inter-cell feedback per cell. 
· For TDD, single-cell MU-MIMO and CoMP JP applies the UL SRS-based CSI measurement without any quantization impact.

The RS overhead in DL considers the following: 

· R8 SU-MIMO is based on CRS, i.e. no DRS.

· R10 MU-MIMO and CoMP transmission are based on DM-RS, i.e. with higher RS overhead compared to R8 SU-MIMO, which leads to a small cell-average throughput loss for some R10 CoMP SU-MIMO cases in FDD. The good thing is that the cell-edge throughput gain is still maintained even with the extra DM-RS overhead.
· For R10 MU-MIMO and CoMP, the 10ms period 1RE/port CSI-RS overhead included, with inter-cell CSI-RS muting for CoMP JP. However, due to the very low CSI-RS granularity, the overhead is quite small.
2.4 Impairment model of the collision between CRS and PDSCH

Due to limited time, there was no agreed impairment model of collisions between CRS and PDSCH included in  However, considering such an impact, the performance would fall into a region between an upper-bound and a lower-bound as shown below:
· Method 1 (can be deemed as an achievable upper-bound): With good cell planning, the same CRS frequency shift can be introduced to the three sectors within one site, so the impact of inter-cell CRS on PDSCH can be avoided. The inter-cell CSI estimation is only based on CSI-RS, and inter-cell CSI-RS orthogonality and muting the corresponding REs is assumed with extra overhead taken into account.

· Method 2 (can be deemed as a loose lower-bound): Within MBSFN sub-frames, the collision between CRS and PDSCH can be ignored. Taking the configuration of 24 MBSFN sub-frames per 40ms, the scheduler only allows CoMP in the MBSFN subframes. In other words, CoMP gains are only allowed in 60% of the subframes.
All the results in the above sections are given following the Method 1.

In the following, we also provide the comparison between Method 1 and Method 2 as shown in Figure 4. It is noted that Method 2 is a bit pessimistic. The results show that even in Method 2 the gain of CoMP JP-MU over MU-MIMO is still obvious, especially for antenna configuration 3.
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Figure 4, Method1 v.s. Method2, Gain of CoMP JP over R10 MU-MIMO, Full buffer with 10UEs/cell
3 Evaluation of CoMP gain for VoIP Traffic Model
The evaluation of CoMP for non-full-buffer traffic model is also important. In the email discussion, multiple operators proposed a Poisson distributed bursty buffer traffic model of FTP services, while there will be more discussions on the parameters of the models for other typical data services as well. More evaluations may be performed with the agreed model and parameters.

Before the final decision on the bursty buffer model in 3GPP, we provide the evaluation of CoMP gain for another important non-full-buffer traffic model, VoIP. The gains shown here are for Coordinated Beam Switching, a simple CoMP-like scheme that requires only resource-specific CQI enhancement to rel-8 CQI for MU/SU MIMO, and advertisement of the target beam switching period. The VoIP capacity with semi-persistent scheduling of ITU UMi and UMa scenarios are given in Figure 5, which shows around 13% capacity gain, similar as that in the prior evaluation of full-buffer model [7]. More details of the assumptions and algorithms are given in [6].
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Figure 5. CoMP CBS gain over Rel.8 for VoIP service
4 Conclusions
This contribution evaluates LTE and LTE-A MU-MIMO and CoMP performances in 3GPP Case1 SCM-UMA high angle spread scenario, which are summarized as below:
· On Rel-8, MU-MIMO, and CoMP gains versus the 3GPP requirements (large angle spread scenario)
· LTE Rel.8 cannot meet the 3GPP downlink requirements for both the 2x2 and 4x2 antenna configurations 
· CoMP-JP (MU) reaches 3GPP requirements of Full Buffer Traffic in all the scenarios except FDD 2x2 antenna configure 1 (cross polarized antenna array).
· On the other hand, MU-MIMO alone cannot meet the 3GPP requirement in many cases, e.g. FDD&TDD 2x2 and FDD 4x2 antenna configuration 1 (cross polarized antenna array).
· Full buffer traffic evaluations of intra-site CoMP gain:
· For FDD, CoMP-JP-MU provides around 20% gain over MU-MIMO for 2x2 and 4x2, and significant gain at cell edge can be obtained with CoMP-JP-SU over SU-MIMO. Note that even with FDD 2x2 cases with both ULA and cross-polarized antennas, CoMP-JP-MIMO can provide about 30% or more gain of the cell-edge throughput for both high and low load scenarios. In TDD, much higher gains of CoMP are achieved due to UL/DL channel reciprocity. 
· For Full buffer low load (2UE per cell) scenario, MU-MIMO can hardly bring gain over SU-MIMO anymore, while CoMP still can work well with considerable gain over SU-MIMO due to more available UEs in the centralized scheduling and UE paring/precoding.

· CoMP gain for non-full-buffer traffic model

· The VoIP traffic evaluations show that, using the simplest CoMP scheme (CBS), VoIP Capacity can be improved by about 13% over Rel.8, similar as the gain in the full buffer traffic evaluation.
· More evaluations on other non-full-buffer traffic model would be provided in the future after the finalization of the coefficients of the Poisson distributed bursty buffer model
References

[1] RAN1#59bis, R1-100820, “Evaluation Scenarios and Assumptions for Intra-site CoMP”
[2] 3GPP, TS 36.814.100, “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA Physical layer aspects”.
[3] 3GPP, TS 36.913.900, “Requirements for further advancements for Evolved Universal Terrestrial Radio Access (E-UTRA) (LTE-Advanced)”.
[4] RAN1#59bis, R1-100252, “Adaptive codebook designs and simulation results”, Huawei, Jan.2010
[5] RAN1#59bis, R1-100257, “Hierarchical Feedback from Single-cell MIMO to Multi-cell MIMO”, Huawei, Jan.2010
[6] RAN1#60, R1-101067, “Evaluation of DL Coordinated Beam Switching with Voice Traffic”, Huawei, Feb. 2010 

[7] 3GPP R1-092365, “Performance of DL Coordinated Beam Switching with Bursty traffic”, Huawei, June 2009.
Appendix A. Assumptions and Models

The detailed evaluation assumptions for calibration as in Table 1, and default assumptions are aligned with the guidelines provided by 3GPP in TR 36.814 [1]:

Table 1. System models and assumptions for FDD in Case1 SCM-UMa (High Spread)

	Parameter
	Values used for evaluation

	Deployment scenarios
	Homogeneous deployments

	Network synchronization
	Synchronized

	Simulation case
	3GPP-case1 SCM-UMa (high spread)

	System bandwidth
	10 MHz (FDD), 20MHz (TDD)

	Antenna configuration
	2, 4 Tx; 2 Rx

	Antenna configuration
	Config.1

   eNB: Cross-polarized (0.5λspacing)

   UE: Cross-polarized antennas
Config.3

   eNB: co-polarized (0.5λspacing)

   UE: co-polarized antennas

	Antenna pattern
	Follow 36.814 as baseline

	eNB Antenna tilt
	Follow 36.814

3D

	UE densityAveragely
	10 UEs per cell for high load

2 UEs per cell for low load

	Placing of UEs
	Uniform distribution

	DL overhead assumption
	For Rel.8:

DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS;

For LTE-A:

DL overhead aligned with ITU evaluation

	Channel estimation
	Non-ideal

	Receiver type
	MMSE

	CSI assumption at eNB
	Rel.8 PMI for SU-MIMO;

Single-cell MU-MIMO: short-term codebook-based CSI quantization 2or4bits per sub-band 

CoMP JP: 

same CSI with Single-cell MU-MIMO for serving cell;

long-term channel covariance matrix plus short-term codebook-based CSI quantization 4bits per sub-band per neighbor cell; long-term channel covariance matrix is obtained by channel reciprocity 

	CSI feedback delay
	4ms

	CSI feedback period
	R8 SU-MIMO: 10ms

R10 FDD MU-MIMO/CoMP: 10 ms for short term;100 ms for long term
R10 TDD MU-MIMO/CoMP: 10ms SRS period

	Criteria for CoMP
	RSRPserving_cell  – RSRPcoordinate_cell <10dB

	Maximum number of simultaneous UEs
	Single-cell MU-MIMO: Adaptive, at most 4UEs/cell
CoMP JP: Adaptive, at most 4UEs/cell

	Traffic model
	Full Buffer High Load (10UEs/cell)
Full Buffer Low Load (2UEs/cell)
VoIP













































































