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1
Introduction   


In previous RAN plenary meeting a new DL MIMO work item for LTE Release 10 was agreed. The final decision on the inclusion of a reasonable DL CoMP scheme to this work item will be taken in March plenary.
In this contribution, we analyze the performance of coordinated scheduling (CS) and coordinated beamforming (CB). Based on this analysis and evaluation, we share our view on inclusion of CS/CB technology for the LTE downlink in Release 10.
2
CS/CB principles and challenges
· DL ICIC in Rel’8
There are many conceivable coordination methods to reduce the UEs’ observed interference. In Rel-8, for downlink interference coordination purpose, ICIC is supported with exchange of RNTP (Relative Narrowband Tx Power) message over X2. Rel-8 DL ICIC based on RNTP messages over X2 is thus limited to slow coordination in the frequency domain. Implementation specific schemes targeting fast coordination can also be applied, but the limitation of these schemes is lack of detailed channel state information for the interfering channel at the serving eNB [3].
· Potential improvements for Rel’10
In order to enhance the system performance, in the past RAN WG1 meetings, various spatial domain interference coordination schemes are proposed, such as coordinated scheduling (CS) and coordinated beamforming (CB) or combination of these two techniques (CS/CB). As a basic design principle of CS/CB, the UEs feedback channel state information (CSI) to the eNB for selected interfering cells in addition to the serving cell CSI. The CSI is exchanged between the cells and based on that, the eNBs coordinate the scheduling decision and corresponding precoder on each time frequency resource to reduce the UEs’ observed inter-cell interference.
However, the observed interference reduction can not be always transferred into to system performance improvement in practical system.
· User pairing

In order to achieve spatial domain scheduling gain, the interference b/w the UEs scheduled in the same PRBs in different cells shall be minimized. For two UEs, if their channel from the same eNB is more orthogonal, the interference observed by one UE coming from the other UEs’ data transmission becomes less. But with more tight constraint on the orthogonality, less UEs pair can be found to get the benefit of the interference reduction. Increasing the cell number in cooperating set, the impacted UEs’ number is increased as well when one UE is scheduled, it will make the user pairing problem more severe. 
· Spatial versus frequency domain scheduling

The spatial domain scheduling will impose constraint on frequency domain scheduling, which may lead to some loss of frequency domain scheduling. In order to schedule the UEs with less spatial domain interference, the frequency domain scheduling flexibility may be reduced. Hence, some UEs may lose the best chance for transmission from frequency domain point of view. As a result, some cell-edge UE may have some loss in signal power, although the interference is reduced.
· Cooperation set and interference reduction
To reduce the interference by coordination, a cooperation set is needed in order to define which cells are coordinating their transmissions. Typically there will be 2 or 3 cells within one cooperation set. Currently, two types of cooperating set are frequently mentioned, one is network predefined cooperating set, and the other is user-centric cooperating set. With network predefined cooperating set a fixed set of of eNBs are cooperating. This is a simple and straightforward approach but for certain UE’s the strongest interference might not always come from the cells in the cooperation set due to shadow fading. 
In order to suppress interference more efficiently, some companies propose to use user-centric cooperating set [1]. User-centric cooperating set can efficiently suppress the interference by allowing each individual UE to have its own cooperating set, but the user-centric cooperating set has its own deficiencies: 
· CSI-RS design

For user-centric cooperating set, different UE has different cooperating set. Compared with network predefined cooperating set, the overall number of involved cells for cooperating is much larger. Note that the number of cooperating cells is closely related to the multi-cell CSI-RS overhead. The more cells considered for CSI-RS design, the more data puncturing/blanking needed, and it is more difficult to find efficient CSI-RS pattern. 
· Scheduler complexity

To perform CB/CS, coordination function is needed: either a centralized coordination PS or distributed coordination PS from each cell. With user-centric cooperating set, each UE may have different CS. That requires packet scheduler be able to dynamically adjust the coordination scope. In case of centralized coordination PS, it has to cover more cells to minimize border effects on performance degradation. In case of distributed coordination PS, dynamical management function (similar to UE active set management) on coordination scope is needed.   

Besides, to find the optimized UE pair, FD-PS needs to conduct a large search space. Considered the traffic and other implementation constraints, the scheduler becomes very complex.
3 CS/CB Simulation setup
3.1
CQI/CSI
In order to enable CS/CB, CQI and CSI feedback are needed. For CQI, it is very difficult for UE to get accurate CQI when CS/CB is employed, because the scheduling decision is not available when the UE calculate the CQI. To get good performance the scheduler will have to compensate the UE reported CQI based on the final scheduling decision. In the present simulations the problem of CQI compensation have been solved by assuming that the full channel state to all cooperating cells is available at the scheduler of the cooperation set and the interference level outside cooperating set is known as well. CQI compensation with realistic feedback would need further consideration.
3.2
Scheduler
In this contribution, the scheduler is divided into 2 stages, one stage is frequency domain scheduling, and the other stage is spatial domain scheduling. In frequency domain scheduling, the metric for each UE is calculated for each PRB based on single cell single user MIMO CQI. For each PRB, Ues are ordered by the metric, and the first M UEs with the highest metric are kept as candidates for spatial domain scheduling where 3 cells are scheduled jointly. In case M = 1 the spatial domain coordination is trivial as there is only one possible scheduling decision. On each PRB, each cell selects one UE from the candidate UEs and the these 3 selected Ues are grouped together. In total, there are 
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 possible groups for each PRB for further selection. The best group will be finally selected based on the following metric:
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 is the compensate CQI (equivalent to SINR) based on the ideally known interference inside cooperating set and the interference variance outside cooperating set, 
[image: image5.wmf](

)

Tk

 is the average throughput of the 
[image: image6.wmf]th

k

 candidate, 
[image: image7.wmf]a

 is the fairness factor.
3.3
Precoding
Currently, two precoding schemes are frequently mentioned, one is SVD precoding, and the other is SLNR precoding [1]. For SVD precoding, the precoding vector is the main eigenvector corresponding to largest eigenvalue of the correlation matrix between UE and the serving cell. For SLNR precoding, the precoding vector for the serving cell is given by [1]
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 denotes interference observed at user 
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, after excluding received power from its serving cell 
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 and interference from cell 
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 (i.e., cell of interest here that is computing beamforming matrices.), 
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 is an adjust factor, and it is set to 1 in the following SLNR-related simulation. 
When the precoder is SVD-based precoder, only scheduling is coordinated, where the coordination is named as CS. When the precoder is SLNR-based precoder, both the scheduling and the precoding are coordinated, where the coordination is named as CS/CB. Because the performance of SLNR-based CS/CB and SVD-based CS is very close in most cases, which will be shown in section 4, we use CS/CB to denote both of them if there is no special notation. 
3.4
Other simulation assumptions
The baseline configuration is based on transmission mode 8 with 1 CRS ports enabled. There is thus no difference in RS and control channel overhead between the different simulation results shown in next section. See table 1 for further simulation parameters.
Table 1 Simulation parameters
	Parameter
	Value

	Channel Model
	3GPP Case 1, SCM

M.2135 UMi

	eNB antenna
	4 antenna, 0.5λ spacing

	UE antenna
	2 antenna, 0.5λ spacing

	UEs per sector
	10

	Duplex method
	FDD

	Overhead 
	RS: 1CRS + 1DRS

Control: 3 OS

	CSI/CQI granularity
	1 PRB

	CSI/CQI delay
	1 TTI

	Scheduler
	PF in Frequency domain 

	Channel estimation
	Ideal

	Receiver
	MRC

	traffic model 
	full buffer

	HARQ
	Chase combining

	Feedback signaling
	Full channel from all cells in cooperation set known at the scheduler

	Precoding
	Per PRB, SVD (SLNR used in certain cases)

	Rank
	Single rank transmission

	Cooperation set
	3 cells, intra and inter-site


4
CS/CB performance evaluation 
In general, we have two kinds of cooperation set. One is intra-site cooperation set, and the other is inter-site cooperation set, see Figure 1. In intra-site cooperating set, all the cells are co-located in the same position. In inter-site cooperation, some of the cells are located at different position. For instance, when cell [0 1 2] are allocated as cooperation set, we named it as intra-site cooperating set, otherwise, we called it inter-site cooperating set, e.g., cell [0 4 8]. For intra-site cooperating set, X2 is not needed. For inter-site cooperating set, the feedback information, scheduling information and precoding information is exchanged over X2. Generally, the latency of inter-site is much larger than that of intra-site.
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Figure 1: intra-site cooperating set and inter-site cooperating set
In this section, we present the system performance evaluation of CS/CB based on the setup and assumptions described in section 3. First we analyze the performance for the simple and realistic intra-site cooperation performance. Secondly we analyze performance with an inter-site cooperation set and different X2 latencies.

4.1
Intra-site CS/CB performance
In Figure 2, the average spectrum efficiency and cell-edge spectrum efficiency for different scenarios and configurations of intra-site cooperating set is given. For case 1, we also give simulation based on two dimension antenna pattern and three dimension antenna patterns. In the legend, they are denoted by 2D and 3D.

[image: image15.emf]0 0.5 1 1.5 2 2.5 3

Case 1 3D R8

Case 1 3D CS/CB 

Case 1 2D R8

Case 1 2D CS/CB

Umi R8

UMi CS/CB 

13%

13%

15%


[image: image16.emf]0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Case 1 3D R8

Case 1 3D CS/CB 

Case 1 2D R8

Case 1 2D CS/CB

Umi R8

UMi CS/CB 

8%

17%

39%


Figure 2: Average spectrum efficiency and cell-edge spectrum efficiency for different scnarios and configurations for intra-site cooperating set
From Figure 2, we can see that in 3GPP case 1 and UMi, CS/CB can achieve about 13% for average sector throughput with respect to Rel8 single stream SU MIMO. For UMi case, about 39% cell-edge throughput gain can be achieved with CS/CB. For case 1, 8% and 17% cell-edge throughput gain is achieved for 2D antenna and 3D antenna, respectively.
As discussed in Section 2, the target of CS/CB is to reduce the inter-cell interference. In Figure 3 and Figure 4 , the interference inside cooperating set and the total interference for a network with and without CS/CB are given assuming intra-site cooperation. With M increase, just as discussed in Section 3.2, more candidates will take part in the spatial domain coordination. As a result, more gain can be obtained from the spatial domain coordination. To analyze the spatial domain coordination gain we plot the interference density seen at the UE both from all interfering cells and from interfering cells belonging to the CA. In Figure 3 & Figure 4, we can see that the interference inside cooperating set can be reduced about 3dB. But the total interference only reduces about 1 dB. The main reason is that the interference outside cooperating set is still non-negligible. It validates the discussion in section 2 on the interference suppression.
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Figure 4: To the left the interference inside cooperating set and to the right the total interference for intra-site cooperating set with SLNR-based CS/CB

Compared with CS, SLNR-based CS/CB can reduce the interference inside cooperating set further, as shown in Figure 5. For SLNR, the principle is to reduce leakage interference at the price of signal loss. Due to signal loss with SLNR, the UEs with lower SINR have some loss. Only for high end UEs, the SINR can be increased with SLNR precoding, but the improvement is marginal. As a result, SLNR-based CS/CB has very similar performance with CS, which is shown in Figure 6. Even in some cases, for example, if spatial domain scheduling is conducted not so well, SLNR-based CS/CB has performance loss.
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Figure 5: The comparison b/w CS and SLNR-based CS/CB in terms of interference inside cooperating set and SINR
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Figure 6: Performance comparison b/w SVD-based CS and SLNR-based CS/CB
With 3D antenna pattern, the interference is dominated by the interference inside cooperating set. Hence, the coordination is more efficient than 2D antenna pattern, the interference inside cooperating set and the total interference is shown in Figure 7. 
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Figure 7: To the left the interference inside cooperating set and to the right the total interference for intrasite with 3D antenna pattern
From the figure, it can be seen that the interference inside cooperating set is reduced about 3.5 dB, and the total interference is reduced about 2.5 dB. It can be seen that most of the interference comes from the cells inside cooperating set. With 3D antenna pattern, we can achieve most of the gain with fixed cooperating set.
4.2 Inter-site cooperation and X2 latency
Different from intra-site case, in inter-site case, the X2 latency shall be taken into account for practical performance evaluation. In [2], considering the UE feedback delay, eNB processing time, and backhaul latency, the following overall latency tragets is suggested for CoMP schemes
•
low latency (~ 8 ms)  

•
typical latency (30-50 msec)
In Figure 8 and Figure 9, we provide the CS/CB performance for inter-site cooperating set with overall latency. In the simulation, 1 TTI, 8 TTI, 20TTI and 30 TTI are assumed for different cases. From these figures, we can see that, by increasing of the latency, both the average sector throughput and cell-edge sector throughput is reduced. When the overall latency is 20 TTI, the average/cell-edge sector throughput has marginal gain wrt. that of w/o coordination. When the latency is increased to 30 TTI, both the average sector throughput and cell-edge sector throughput has significant performance loss.
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Figure 8: Average spectrum efficiency of CS/CB for different overall latency
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Figure 9: Cell-edge spectrum efficiency of CS/CB for different overall latency
Besides system performance, in order to enable inter-site cooperation, we need modify the X2, coordinate the reference signal (RS) for different cell, and exchange the precoding and scheduling information over X2, a great of effort is needed to enable CS/CB for inter-site case. But from system performance point of view, the gain is very marginal, even worse in some case. Based on this observation, we prefer to use CS/CB only in intra-site case.
5
Conclusions

In this contribution we have analyzed the performance of CS/CB trying to highlight potential difficulties that may be encountered in the Rel-10 CS/CB standardization. 
Our current views and proposals in this contribution can be summarized as follows:
· When single stream SU MIMO is used, CS/CB with three cells can achieve about 13% for average sector throughput, and more than 8% for cell edge sector throughput compared with no coordination.
· CS/CB performance gain vanishes when inter-cell signalling latency is introduced. Considering the complexity of reducing X2 latency we propose that 3GPP concentrate efforts on intra-site CS/CB and does not specify new X2 messaging for purpose.
· SLNR CB has no gain without CS compared with SU single cell, and SLNR-based CS/CB and SVD-based CS has not much difference. 
· CS/CB performance gain presented in this contribution is conditioned on ideal UE feedback, so can be considered as an upper bound. To obtain more realistic gain estimates, channel estimation for CSI and realistic UE feedback solution should be studied.
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