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1 Introduction
In the previous contribution ‎[1], a rank adaptation for high mobility UE has been discussed; where the following conclusions have been made according to Figure 1:
· At low UE speed, a codebook based channel-dependent precoding (closed-loop) with rank adaptation is needed.

· At high UE speed and high geometry, rank-2 spatial multiplexing (SM) transmission should be utilized.
· At high UE speed and low geometry, rank-1 transmission by means of SFBC based transmit diversity should be utilized.
· For UE with high mobility, therefore, dynamic rank adaptation between rank-1 SFBC based transmit diversity and rank-2 SM should be utilized to increase both the throughput and coverage gain.
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Figure 1. Rank adaptation for  DL DPSCH.
In the previous contribution ‎[2], we have studied rank-adaptation based on shadowing variation for high speed UEs and distributed channel assignment, and concluded that:

· Shadowing-based  slow rank-adaptation with SNR report of every few (2 to 10) frames should be utilized.
In this contribution, we further investigate the necessity of having a DL rank adaptation for UE  traveling at a high speed. The consequences of our study are as follows:
· The performance between fast rank adaptation (based on instantaneous rank-1/ rank-2 channel quality feedback measured on reference signal within certain period and using some observation windows at Node-B) and slow rank adaptation (using geometry or long term SINR) is almost identical.
· Considering the reuse of existing rank indication bits for channel dependent precoding (closed-loop) and to avoid long term filtering at UE side in calculating long term SINR a fast rank adaptation is preferred..
2 Rank Adaptation for High Speed UE
Rank adaptation over entire bandwidth may be categorized by two different types:
· Instantaneous rank adaptation.
· Geometry or long-term SINR based rank adaptation.
Instantaneous rank adaptation:

At UE, the feedback of rank adaptation between SFBC and SM may rely on the procedure as follows:

· Based on the DL reference symbol, the UE receiver estimates the channel and calculates effective SINRs for both SFBC and SM, denoted  as
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· Based on effective 
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, UE computes  both capacities using Shannon formula, i.e.,
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where 
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· Making a comparison between two computed capacities, UE decides whether SFBC or SM, i.e.,
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The UE feedbacks the transmission rank to Node B. Note that the rank feedback can be done per TTI or per several TTIs. 
The Node-B receives the rank feedback and could override the decision based on the following manner.

· Count the number of decisions for SFBC feed-backed by UE over certain observation window, say 
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· Count the number of decisions for SM feed-backed by UE over certain observation window, say 
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· Node-B transmits SFBC when 
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, otherwise Node-B transmits SM.
Geometry or long-term SINR based rank adaptation:

UE estimates the geometry or long-term SINR, and determines the rank based on the following manner.
· A threshold of SINR is pre-determined and is used to compare with the estimated geometry or long-term SINR. If geometry or long-term SINR is smaller than the threshold of SINR, UE will feedback the indicator of rank-1 transmission, otherwise, it will feedback indicator of rank-2 transmission.
· Node-B transmits SFBC when it receives rank-1 indicator, otherwise Node-B transmits SM.
3 System Performance Evaluations
The goal of system level simulation is as follows:

· Prove that both schemes (one is instantaneous rank adaptation and the other is geometry or long-term SINR rand adaptation) do not make a big difference of system performance in terms of sector throughput and user coverage.
· In instantaneous rank adaptation, the observation window size (between 1, 5, and 10 subframes) does not give any impact on system performance.
· In geometry or long-term SINR rank adaptation, the threshold for each UE (larger than -3dB) is much less sensitive to system performance.
With respect to the transmission mode, we may assume to have following schemes in our system level simulation:
· Scheme 1: SFBC based transmit diversity only.

· Scheme 2: SM only.

· Scheme 3: instantaneous SFBC/SM rank adaptation based on capacity without Node-B rank overriding (observation window size = 1).
· Scheme 4: instantaneous SFBC/SM rank adaptation based on capacity with Node-B rank overriding (observation window size = 5 and 10 sub-frames).

· Scheme 5: geometry based SFBC/SM rank adaptation with geometry threshold (-9, -6, -3, -2, -1, 0, 1, 2, 3, 6, 9, 12 dB).
The simulation assumptions are described in Annex of section ‎5.
Performance comparison between scheme 1, scheme 2, and scheme 3:

 REF _Ref177183058 \h 
 Table 1 lists the sector throughput and user coverage for schemes 1, 2, and 3, for 30, 60 and 120 km/h UE speed.
Table 1: Comparison results in terms of sector aggregated throughput and cell coverage for scheme 1 to scheme 3.

	Speed
	Adaptation Method
	Sector Throughput (Mbps)
	User Coverage (kbps)

	30 km/h
	Scheme1
	9.697
	176

	
	Scheme2
	10.972
	33

	
	Scheme3
	10.371
	159

	60 km/h
	Scheme1
	9.173
	168

	
	Scheme2
	10.46
	39

	
	Scheme3
	9.876
	155

	120 km/h
	Scheme1
	8.706
	162

	
	Scheme2
	10.08
	36

	
	Scheme3
	9.477
	161


Figures 2 to  REF _Ref177183216 \h 
4 show the CDF of user throughput for scheme 1, scheme 2, and scheme 3 for 30, 60 and 120 km/h, respectively.
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Figure 2: CDF of user throughput for comparison between SFBC (scheme 1), SM (scheme 2), and instantaneous SFBC/SM adaptation (scheme 3)at 30 km/h.
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Figure 3: CDF of user throughput for comparison between SFBC (scheme 1), SM (scheme 2), and instantaneous SFBC/SM adaptation (scheme 3)at 60 km/h.

[image: image14.emf]CDF of User Throughput

(120km/h)

0

0.2

0.4

0.6

0.8

1

0 200 400 600 800 1000

User Throughput  (kpbs)

CDF

SFBC

SM

SFBC/SM


Figure 4: CDF of user throughput for comparison between SFBC (scheme 1), SM (scheme 2), and instantaneous SFBC/SM adaptation (scheme 3) at 120 km/h.

Observation:

· SFBC gives high user coverage but low sector throughput, while SM gives high sector throughput but low user coverage.

· Instantaneous adaptation scheme between SFBC and SM provides much better performance in terms of both sector throughput and user coverage.

Performance comparison between scheme 3 and scheme 4:

Table 2  REF _Ref177183086 \h 
 \* MERGEFORMAT  lists the sector throughput and user coverage for scheme 3 (observation window size = 1) and scheme 4 (observation window size = 5 or 10).
Table 2: Comparison results in terms of sector aggregated throughput and cell coverage for scheme 3 and scheme 4.

	Speed
	Adaptation Method
	Sector Throughput (Mbps)
	User Coverage (kbps)

	30 km/h
	Scheme3, window = 1
	10.371
	159

	
	Scheme4, window = 5
	10.383
	159

	
	Scheme4, window = 10
	10.374
	159

	60 km/h
	Scheme3, window = 1
	9.876
	155

	
	Scheme4, window = 5
	9.869
	159

	
	Scheme4, window = 10
	9.865
	168

	120 km/h
	Scheme 3, window = 1
	9.477
	161

	
	Scheme 4, window = 5
	9.469
	162

	
	Scheme 4, window = 10
	9.478
	158


Figures 5  REF _Ref177183549 \h 
 \* MERGEFORMAT to 7 show the CDF of user throughput for scheme 3 (observation window size = 1) and scheme 4 (observation window size = 5 or 10), for 30, 60 and 120 km/h, respectively.

Observation:

· For instantaneous adaptation scheme, observation window size does not give any impact on performance in terms of both sector throughput and user coverage.
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Figure 5: CDF of user throughput for comparison instantaneous SFBC/SM adaptation (scheme 3 and scheme 4) with and without Node-B rank overriding at 30 km/h.
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Figure 6: CDF of user throughput for comparison instantaneous SFBC/SM adaptation (scheme 3 and scheme 4) with and without Node-B rank overriding at 60 km/h.
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Figure 7: CDF of user throughput for comparison instantaneous SFBC/SM adaptation (scheme 3 and scheme4) with and without Node-B rank overriding.

Performance comparison for scheme 5:

Figures 8 and 9 REF _Ref177184214 \h 
 \* MERGEFORMAT  show the sector throughput and user coverage as a function of threshold of geometry, respectively for 120 km/h UE speed. Table 3 shows both the throughput and user coverage for 120 km/h and 0 dB threshold, which shows similar performance as schemes 3 and 4 presented in Tables 1 and 2.
Observation:

· When the threshold of geometry increases from low level (tending to SM) to high level (tending to SFBC), the sector throughput decreases significantly.
· With respect to user coverage behaviour, when the threshold is low (e.g., -6dB or -9dB), the performance degradation is severe while when the threshold is larger than -3dB, there is almost no degradation observed.

Table 3: Sector aggregated throughput and cell coverage for scheme 5.
	Adaptation Method
	Sector Throughput (Mbps)
	User Coverage (kbps)

	Scheme 5, threshold = 0 dB
	9.46
	155
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Figure 8: Sector throughput for geometry based SFBC/SM rank adaptation (scheme 5).
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Figure 9: User coverage for geometry based SFBC/SM rank adaptation (scheme 5).

4 Conclusions
This contribution has further discussed rank adaptation on DL by using system level simulation, and provided strong evidence to show the necessity of employing the rank adaptation for medium and high mobility UE. The conclusion can be made as follows:
· For UE with low mobility, a closed-loop codebook based channel-dependent precoding should be utilized.
· For UE with high mobility, an open-loop rank adaptation between SFBC and SM using non channel-dependent precoding should be utilized. 
· This rank adaptation can be accomplished based on either UE instantaneous SINR  or geometry (long-term SINR). The Node B has the right to override the rank feedback from UE. 
· The existing rank indication bits for channel dependent precoding (closed-loop) can be re-used for such open-loop rank adaptation operation,.
5 Annex

The system level simulation assumptions listed in Table 4 are referred to ‎[3] in which the carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed are specified. 
Table 4: UTRA and EUTRA simulation case minimum set.

	CF
	ISD
	BW
	PLoss
	Speed
	Channel

	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Model

	2.0
	500
	10
	20
	30, 60, 120
	SCM


The system level simulation focuses on the down-link with the assumptions listed in Table 5.

Table 5: System Level Simulation Assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Structure
	2x2

	Channel Model
	SCM

	Node-B antenna spacing
	10λ

	UE antenna spacing
	0.5λ

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz

	Transmit Bandwidth
	10 MHz

	Transmission Power
	40 Watts (46 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	9 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Proportional Fair

	Channel Estimation
	Real

	Traffic Model
	Full Buffer

	CIR Feedback Delay
	6 sub-frames

	Number of RBs for User Scheduling
	6

	UE Receiver
	LMMSE

	HARQ
	Chase combining

	MCS Set
	QPSK (1/3, 1/2, 2/3, 3/4, 4/5), 16QAM (1/2, 3/5, 2/3, 3/4, 4/5), 16QAM (3/5, 2/3, 3/4, 4/5)
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