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1
Introduction

When a Release 7 UE is configured in the MIMO mode, it may request dual stream transmission from the Node-B. It is well known that the second stream CQI for a MIMO user is typically weaker than the first stream. Hence, dual stream transmission to a MIMO UE need not result in the best possible resource usage for the Node-B in a given TTI.
We propose a MU-MIMO scheme that can be considered towards a future work item on MU-MIMO for HSDPA, which pairs UEs whose preferred beams are orthogonal. This scheme results in higher cell throughput. Note that this scheme does not seek changes to the beam-forming vectors from Release 7.
2
MU-MIMO scheme
Figure 1 shows our MU-MIMO scheme conceptually. A PCI value of “i” refers to the weight vector wi shown below:
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 j, R is average served rate for user i

.
In the hypothetical example shown in Figure 1, UE 1 requests 14 kb along PCI 0 (preferred beam) and 8 kb on PCI 2. UE 2 requests 12 kb along PCI 2 (preferred beam) and 7 kb on PCI 0. In the baseline Release 7 MIMO (Single User or SU-MIMO), the two users get scheduled in 2 consecutive TTIs, thereby giving an average cell throughput over the two TTI period of 10.25 Mbps. Note that PCI 0 and PCI 2 are orthogonal, as shown in eqn (1).
With MU-MIMO scheme however, the Node-B will schedule both the UEs in each of the two TTIs. In each of the two TTIs, the Node-B will schedule UE 1 along PCI 0 and UE 2 along PCI 2. The cell throughput in each TTI is now 13 Mbps, giving a gain of 28% over baseline SU-MIMO case.
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Figure 1. Hypothetical Example: MU-MIMO Vs SU-MIMO. 
Proposal 1: Allow MU-MIMO transmission from Node-B, where Node-B can transmit to two different users on orthogonal PCIs in any given TTI. 
3
CQI feedback and signaling for MU-MIMO 

In order to perform efficient MU-MIMO transmission, Node-B needs to have CQIs that already account for inter-stream interference. We propose a CQI feedback scheme as shown in Figure 2. The CQI reporting scheme can be described as follows:
· In TTIs “n”, “n+2”, “n+4” … :
UE reports CQI as in Release 7

· In TTIs “n+1”, “n+3”, “n+5”, … : UE reports best single-stream CQI/PCI assuming 50% of power is allocated to orthogonal PCI. In other words, UE sends the best single stream CQI/PCI adjusted for inter-stream interference. Let us call this the multi-user CQI/PCI
In Figure 2, each colored block represents a TTI. The colors represent the following:
· Blue TTI: UE sends best MIMO CQI as in Release 7 (and this happens to be single-stream CQI)
· Green TTI: UE sends best MIMO CQI as in Release 7 (and this happens to be dual-stream CQI)
· Yellow TTI: UE sends best single stream MIMO CQI adjusted for inter-stream interference (multi-user CQI/PCI)
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Figure 2. CQI feedback scheme for MU-MIMO

With this CQI feedback scheme, in every TTI, the Node-B has access to the best single user and multi-user CQIs, each of which has a feedback cycle of 2 TTIs (4 ms).

Proposal 2: To support MU-MIMO, UEs should report periodically (in every alternate TTI) report the best single stream CQI adjusted for inter-stream interference.
In addition to CQI reporting, some UE implementations may need the Node-B to signal to them on a TTI-by-TTI basis that MU-MIMO transmission has been scheduled.
Proposal 3: Modify HS-SCCH structure to signal MU-MIMO HS-PDSCH transmission in a given TTI.
3
Simulation Assumptions and Results

Table 1 shows the system simulation assumptions.

Table 1: System Simulation Assumptions

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Channel Model
	PA3 with 50% Rx correlation

SCM TU with 4λ Tx Ant spacing and 0.5λ Rx Ant spacing

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	20% for SIMO, 30% for MIMO and MU-MIMO

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver Type
	LMMSE with 2Rx

	Maximum Sector

Transmit Power
	43 dBm 

	Traffic
	Full Buffer


We have used the well-known sum-proportional fair scheduler for MU-MIMO simulations. In every TTI, the scheduler maintains two lists: a single-user list and a multi-user list. The single user list is populated assuming Release 7 type MIMO transmission (SU-MIMO). The multi-user list is populated assuming users are paired, with each user getting half the Node-B power in the given TTI. Note that we only pair users with orthogonal preferred beams. The best user “i” from the single list is chosen based on eqn (2). The best user pair “{i1, i2}” for scheduling is chosen based on eqn (3), which is based on summing the proportional fair metrics for users i1 and i2. 
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Figure 2 shows the performance improvement with MU-MIMO for SCM channel model for 16 users per cell. Figure 3 shows the percentile gains with MU-MIMO over SU-MIMO. Note that MU-MIMO gains are significant in the mid-geometry region. This is the region where with SU-MIMO, a UE (say UE 1) requests single stream transmission because its second stream is too weak to give it any throughput gain with dual-stream transmission. But with MU-MIMO, some other UE’s channel may be strong on the second stream (say UE 2). Both the UEs would get scheduled in twice as many TTIs as in the SU-MIMO case. This is where the gains are coming from. At higher geometries, dual-stream transmission gets competitive with MU-MIMO and gains slowly taper off. Still, at very high percentile, the gain is significant. Figure 4 shows the scheduling statistics (single-stream, dual-stream and multi-user scheduling) as a function of geometry. Even UEs at 0 dB geometry are able to experience gains with MU-MIMO that they could not with SU-MIMO.
Figures 5, 6 and 7 show the performance improvement for the PA3 channel with 16 users per cell. Table 2 shows the throughput gain of MU-MIMO with varying number of users per cell.
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Figure 2. Performance Improvement with MU-MIMO for the SCM channel (16 users per cell).
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Figure 3. Percentile Gain with MU-MIMO over SU-MIMO for the SCM channel (16 users per cell).
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Figure 4. Scheduling Statistics (single stream, dual stream and multi-user scheduling) (SCM).
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Figure 5. Performance Improvement with MU-MIMO for the PA3 channel (16 users per cell)
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Figure 6. Percentile Gain with MU-MIMO over SU-MIMO for the PA3 channel (16 users per cell).
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Figure 7. Scheduling Statistics (single stream, dual stream and multi-user scheduling) (PA3).

Table 2: Gain in Cell Throughput (MU-MIMO over SU-MIMO

	Users per cell
	4
	6
	8
	12
	16

	MU-MIMO Cell Throughput  Gain over SU-MIMO (%) (SCM)
	11.3
	14.9
	21.6
	25.4
	27.5

	MU-MIMO Cell Throughput  Gain over SU-MIMO (%) (PA3)
	4.2
	8.4
	11.2
	15.6
	18.7


)
4
Impact of VAM

If VAM ([1]) is implemented at the Node-B, then single stream transmissions at the Node-B are restricted to two PCIs (0 and 2 alone). Even in this case, the gains from MU-MIMO are preserved. Figures 8 and 9 show the gains with and without VAM. Note that in alternate TTIs where the UE reports the multi-user CQI, it need not restrict the PCIs to 0 and 2. This multi-user CQI/PCI is only used for MU-MIMO transmissions at the Node-B which are by definition dual-stream transmissions. So, no PCI restriction is necessary. In the TTIs where UE reports Release 7 CQI/PCIs, codebook restriction will impact the PCI choice. Tables 3 and 4 show the cell throughput gains.
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Figure 8. Gains with MU-MIMO (with and without VAM) (SCM channel, 16 users per cell)
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Figure 9. Gains with MU-MIMO (with and without VAM) (PA3 channel, 16 users per cell)

Table 3: Cell Throughput Gain with MU-MIMO (with and without VAM) (SCM)
	
	SIMO
	SU-MIMO VAM (No VAM)
	MU-MIMO VAM (No VAM)

	Avg Cell Tput (Mbps)
	5.04
	5.8 (5.74)
	7.4 (7.4)

	Cell Tput Gain over SU-MIMO (%)
	-
	-
	29.2 (27.5)


Table 3. 

Table 4: Cell Throughput Gain with MU-MIMO (with and without VAM) (PA3)
	
	SIMO
	SU-MIMO VAM (No VAM)
	MU-MIMO VAM (No VAM)

	Avg Cell Tput (Mbps)
	8.2
	8.94 (9.1)
	10.8 (10.8)

	Cell Tput Gain over SU-MIMO (%)
	-
	-
	20.9 (18.6)


With VAM implemented, the baseline SU-MIMO scheme suffers slightly more than the MU-MIMO scheme. Single stream transmission probability falls significantly with MU-MIMO, hence VAM related loss is also negligible. Hence, MU-MIMO gain when VAM is implemented is slightly higher.
5
Conclusions

In this contribution, we presented the idea of MU-MIMO for HSDPA. With small standards changes, MU-MIMO can enhance the value of MIMO package and make it more attractive. MU-MIMO gains are preserved if VAM is implemented at the Node-B. The proposed scheme consists of the following proposals:

 Proposal 1: Allow MU-MIMO transmission from Node-B, where Node-B can transmit to two different users on orthogonal PCIs in any given TTI. 
Proposal 2: To support MU-MIMO, UEs should report periodically (in every alternate TTI) report the best single stream CQI adjusted for inter-stream interference.
Proposal 3: Modify HS-SCCH structure to signal MU-MIMO HS-PDSCH transmission in a given TTI.
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