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1. Introduction

As also described in the RAN1TR [1], how fast MIMO mode adaptation is an issue for UE feedback discussion.

7.1.1.4.3
High level principles of MIMO for unicast traffic
…
Modes of operation of multiple transmit antennas at the cell site (denoted as MIMO mode) are spatial multiplexing, beamforming, and single-stream transmit diversity mode(s). The MIMO mode is restricted by the UE capability, e.g. number of receive antennas, and is determined taking into account the slow channel variation. The MIMO mode should be adapted slowly (e.g. only at the beginning of communication or every several 100 msec), in order to reduce the required control signalling (including feedback) required to support the MIMO mode adaptation
In this contribution, we compared the system throughput between slow and fast adaptation. According to the results, we propose slow adaptation for MIMO mode control.
2. Numerical analysis
2.1. Simulation assumptions
In this document two transmission modes are assumed as MIMO mode settings, namely transmit diversity (tx-div) and spatial multiplexing (SM)
Following four schemes are compared:

a) tx-div only

b) SM only

c) Slow adaptation between tx-div and SM (adaptation interval is 1sec)
d) Fast adaptation between tx-div and SM (adaptation interval is 1ms)
Evaluated adaptation interval for d) is every TTI(1ms), while that for c) is 1s, considering the time required to move correlation distance of shadowing for low to middle mobility as discussed in [3]. The value for the mode selection is decided according to the results of geometry vs achievable data rate for tx-div and SM mode respectively. We evaluated b) c) and d) for two types of receiver, namely MMSE and MMSE-SIC.
2.2. Simulation results
Figure 1 and figure 2 indicate SM+CDD and SM (SIC)+CDD results with mode adaptation control interval is either 1ms or 1s. Figure 1 shows comparison of the user and sector throughput with 3km/h velocity. Figure 2 shows comparison of throughput with 15km/h velocity. Different number of UEs in the sector is evaluated in order to see the effect of different load. The evaluated numbers of UEs in the sector are 5, 10, 20, 30 and 50.
In both velocity, mode adaptation achieves performance improvement for user throughput of cell edge users at CDF=5% with modest performance loss for sector throughput. 

In 3km/h, slow and fast adaptation schemes show similar performance. On the other hand, in 15km/h, slow adaptation achieves better performance than fast adaptation in sector throughput. This is mainly because fast adaptation allocates SM mode excessively even though low to middle geometry region.

TU, no correlation, 3km/h
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Figure 1 User throughput vs. Sector throughput (v=3km/h)
TU, no correlation, 15km/h
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Figure 2 User throughput vs. Sector throughput (v=15km/h)
Table 1 and 2 summarize results for SCM-C environment with 10UEs per sector for 3 and 15km/h velocity, respectively. Compared to no spatial correlation cases in Figure 1 and 2, CDD achieves better performance as shown in table 1 and 2. This is mainly because CDD has beamforming gain with spatial correlation among tx antennas. Those SCM results indicate that mode adaptation achieves good balance between CDD and SM, which result in almost similar performance of 5% user throughput to CDD and better performance of sector throughput compared to SM only. In this case, we also observe that slow adaptation achieves better performance than fast adaptation.
Table 1. Results for SCM-C (v=3km/h)
	
	Throughput [bps/Hz]

	Tx antenna separation
	
	CDD
	SM + CDD 1ms
	SM + CDD 1s
	SM
	SM(SIC) + CDD 1ms
	SM(SIC) + CDD 1s
	SM(SIC)

	4 
	Sector throughput
	1.749
	1.776
	1.792
	1.763
	1.987
	2.003
	2.002

	
	5% user throughput
	0.054
	0.053
	0.054
	0.033
	0.046
	0.050
	0.038

	10 
	Sector throughput
	1.716
	1.891
	1.904
	1.901
	2.047
	2.062
	2.065

	
	5% user throughput
	0.052
	0.051
	0.052
	0.035
	0.046
	0.049
	0.038


Table 2. Results for SCM-C (v=15km/h)
	
	Throughput [bps/Hz]

	Tx antenna separation
	
	CDD
	SM + CDD 1ms
	SM + CDD 1s
	SM
	SM(SIC) + CDD 1ms
	SM(SIC) + CDD 1s
	SM(SIC)

	4 
	Sector throughput
	1.590
	1.563
	1.588
	1.552
	1.706
	1.722
	1.716

	
	5% user throughput
	0.050
	0.047
	0.049
	0.030
	0.040
	0.045
	0.034

	10 
	Sector throughput
	1.548
	1.635
	1.657
	1.639
	1.743
	1.758
	1.755

	
	5% user throughput
	0.047
	0.046
	0.046
	0.031
	0.040
	0.043
	0.033


3. Conclusion
The simulation results show mode adaptation can avoid performance degradation of SM in cell edge region. In addition, in the spatial correlated scenario, mode adaptation achieves better performance of sector throughput.
We observed that slow adaptation achieves better performance than fast adaptation because fast adaptation allocate excessive SM mode under low to middle geometry region. Slow adaptation can reduce the signalling overhead. With using higher layer signalling for mode adaptation such as MAC or RRC, reliability also obtained because it is protected by HARQ. Therefore, we propose slow adaptation for MIMO mode control via higher layer like MAC or RRC.
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Appendix

Detailed simulation parameters are listed here.

Table A-1 Macro-cell system simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Typical Urban, SCM-C

	UE speed
	3, 15 km/h

	Total BS TX power (Ptotal)
	43dBm(1Antenna) - 5MHz carrier 

	Macro-diversity
	Users dropped uniformly in a cell of 3R radius 

	HARQ
	Chase combining, Non-adaptive, Asynchronous

	Delay between retransmissions
	3 TTI (3ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA simulation parameters
	Parameter
	Assumption

	TTI duration
	1.0ms

	Transmission BW
	5MHz

	Usable sub-carriers
	300

	CP Length 
	Short

	Cyclic delay value for CDD
	2samples

	Number of OFDM symbols per sub-frame
	10 (data) + 4 (control+pilot) 


Table A-3 Scheduling parameters

	Parameter
	Assumption

	Resource block/per user
	12 sub-carriers x 14 symbols

	Useful symbol rate
	71.5%

	CQI feedback delay 
	2 TTI (2ms)

	Scheduler
	Proportional Fair
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Figure A-1 PER curves used for MCS selection and throughput calculation
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