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1 Introduction
The WID of MU-MIMO for LCR TDD [1] referenced some working assumptions in RAN1#59 as listed below:

1 The special default midamble allocation scheme shall be introduced in CELL_DCH and CELL_FACH state to allow up to 4 different UEs use the same channelization codes and different midamble shifts for both HS-DSCH and E-DCH.

2 Only one capability shall be reported to NW by UE using L3 signaling and it is independent of SU-MIMO capability. NW shall indicate whether the special default midamble allocation scheme is configured.

3 The special default midamble allocation scheme can be configured together with SPS or SU-MIMO for one UE, but the special default midamble allocation scheme can not be used with SPS scheme or SU-MIMO scheme in one TTI for one UE.

4 E-HICH signature sequence allocation mechanism shall be optimized to allow the signature sequences for the UEs sharing the same channelization codes to be mapped on the same E-HICH.

5 The inter-cell interference caused by Special default midamble allocation scheme can be considered.

6 The periodic standalone midamble shall be introduced as an optional configuration.
According to our observation and simulation, the assumptions 2, 3, 4 and 5 are feasible to be the baseline way forward. While assumptions 1 and 6 are still not clear in this stage of the work item, more study is needed before the conclusion is made. The questions could be summarized below:
Question 1: Whether 4 different midamble patterns are needed?

Question 2: Whether periodic standalone midamble needs to be introduced as reference signal?
This contribution summarizes the existing simulation results against 2U/4U selection and gives analysis over the above 2 questions.
2 Analysis of the existing simulation results
In RAN1#59bis meeting, [2] and [3] presented the throughput comparison against 2U and 4U MU-MIMO cases. [2] is focused on indoor environment and illustrated that 4U outperforms 2U, while [3] is focused on outdoor environment and showed that 2U outperforms 4U because of the impact of inference. These 2 papers are the only simulation results submitted to the meeting so far. Based on this situation, analysis would be given over indoor and outdoor environments.

For outdoor environment, the only simulation result available [3] showed that 2U brings higher throughput than 4U case. Take this as an assumption, it is suggested that only 2U MU-MIMO is considered for outdoor environment, and so 2 special midamble patterns are needed for this case.

Proposal 1: 2U MU-MIMO and 2 special midamble patterns are used for outdoor environment.

For indoor environment, simulation results in [2] showed that 4U brings higher throughput gain than 2U, this is also the only simulation result for indoor environment so far. Take this as an assumption, investigation would be given for the required number of special midamble patterns.
The following Figure 1 is a typical example of indoor deployment scenario of MU-MIMO, a cell is split into 4 spaces, spaces 1 - 4 are corresponding to floors 1 - 4 of a building.
[image: image6.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ior/Ioc (dB)

CDF

Ior/Ioc for different users (UL)

 

 

1 user

2 users

4 users


Figure 1: a typical example of indoor deployment for MU-MIMO
In this scenario, the penetration loss of adjacent floors is typically 15 - 30dB, e.g., between Floors 1 and 2. Then it is easy to calculate that the penetration loss between the other floors is 30-60dB, e.g., between Floors 1 and 3. Considering the limited number of midamble shifts for LCR TDD and the complexity of interference control, it is suggested that 2 special midamble patterns are used for MU-MIMO, the adjacent spaces use different patterns, while the non-adjacent spaces use the same pattern. This special midamble allocation can also be extended to scenarios higher than 4U case, e.g., 8U, 16U or even higher.
Proposal 2: 2 special midamble patterns are needed for indoor environment with 4U MU-MIMO.
3 Analysis for the requirements of reference signal
For the requirement of a consecutive reference signal for MU-MIMO, analysis could be given for both CELL_DCH and CELL_FACH states.
In CELL_DCH state, a UE is always configured with DPCH or non-scheduled E-PUCH which is transmitted consistently in uplink to the Node B, they can work very well as reference signal, so there is not any further needs for reference signals.
In CELL_FACH state, a periodic standalone midamble is still not needed because UE has no uplink data transmission in most of the time. In the case of downlink data transmission, we have HS-SICH as the reference signal. While for uplink data transmission, E-RUCCH can also take the role of uplink reference signal.

Furthermore, periodic transmission of midamble will introduce extra interference to the midamble part of neighbouring cells, which will cause extra complexity for joint detection and interference control.
Proposal 3: Periodic standalone midamble is not needed for MU-MIMO.
4 Conclusions

Based on the above analysis, it is suggested to agree on the following proposals for MU-MIMO:

Proposal 1: 2U MU-MIMO and 2 special midamble patterns are used for outdoor environment.

Proposal 2: 2 special midamble patterns are needed for indoor environment with 4U MU-MIMO.
Proposal 3: Periodic standalone midamble is not needed for MU-MIMO.
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6 Annex: System level simulation results in R1-100714
The purpose of this simulation is to compare the throughput gains of 2-user and 4user MU-MIMO for LCR TDD, and to help the decision making of whether to introduce 4-user MU-MIMO in Release 9.

6.1 Simulation assumptions

	Parameter
	Value

	Carrier Frequency
	2000MHz

	Chip Rate
	1.28Mcps

	Frequency Re-use
	N=1

	Layout
	19 sites with wrap-around

	Sectorisation
	Tri-sectored

	Pathloss model
	128.15 + 37.6 log10(d) dB

	Cell radius
	500m

	Shadow fading standard deviation
	8dB

	Node-B antenna gain
	15.3dBi

	Node B receiver noise figure
	7dB

	UE antenna gain
	0dBi

	Users per cell
	16,32

	DL/UL configuration
	3:3

	Traffic model
	Full Buffer

	Scheduling
	PF

	Channel type
	Pedestrian-A 3kmph

	Power control
	On

	Control Channel Configuration

(Spacial UEs 2/4)
	HS-SCCH 2/4

E-AGCH 2/4

E-HICH 1/2


6.2 Pairing probabilities of 2-user and 4-user MU-MIMO with different isolations
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Conclusion: Pairing of 4-user MU-MIMO has very low probability.
6.3 Throughput comparisons

Downlink:
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In this simulation, 2-user and 4-user cases have the same total downlink transmission power in the Node B side, and it is illustrated that 4-user MU-MIMO has lower throughput than 2-user case.

Uplink:
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In this simulation, 2-user and 4-user cases have the same RoT level, and it is illustrated that 4-user MU-MIMO has lower throughput than 2-user case.

6.4 Conclusion:

Based on the simulation shown above, it is suggested to agree on the following proposal:

Proposal 1: It is proposed to introduce 2-user MU-MIMO only for LCR TDD in Release 9, further enhancements to 4-user MU-MIMO need more study.
