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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 another 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. 
In [4], we submitted simulation results to show the benefit of rank adaptation for high-speed users. In this contribution, we provide system-level simulation results to compare the performance of OL and CL system for high-speed users.
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 OL 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 by
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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 to use 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 OL 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.
In [4], we showed that geometry-based rank adaptation works as well as instantaneous rank adaptation for high-mobility users.

Instantaneous CL rank adaptation:

At UE, the feedback of rank adaptation between rank-1 and rank-2 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 rank-1 and rank-2, denoted by
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· Making a comparison between two computed capacities, UE decides whether to use rank-1 or rank-2. 

In CL systems, frequency selective scheduling and instantaneous post-processing CQI knowledge provides a high throughput and good coverage for low-speed users. This, however, requires narrow-band CQI and PMI report. On the other hand, for OL systems, diversity scheduling provides the highest frequency diversity and stability in MCS rank selection, especially for the high-speed users and requires only wide-band CQI report to the nodeB. 

In this contribution, we also study the effect of diversity scheduling and WB CQI and WB PMI report on the performance of high-speed closed loop systems.
3 System Performance Evaluations
In our system level simulation we compare the following transmission schemes
· Scenario 1: OL rank adaptation between SFBC and SM based on average instantaneous wide-band CQI.

· Scenario 2: CL rank adaptation based on instantaneous narrow-band CQI with narrow-band PMI feedback and localized channel assignment with frequency selective scheduling.
· Scenario 3: CL rank adaptation based on instantaneous wide-band CQI with wideband PMI feedback and diversity scheduling.

The simulation assumptions are described in the Appendix.
Performance comparison between scheme 1 to 3:

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

	Scenario
	Sector Throughput (Mbps)
	Sector Throughput gain over conventional CL 
	User Coverage (kbps)
	Rank-1 selection ratio

	OL with rank-adaptation
	11.058
	19.1%
	182
	29%

	CL, frequency selective scheduling (conventional)
	9.2861
	-----
	183
	52%

	CL, diversity scheduling
	10.306
	11%
	200
	57%


Figure 2 shows the CDF of user throughput for the aforementioned three different scenarios.
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Figure 2: CDF of user throughput for comparison between different scenarios at 60 km/h.
Observations:

· Frequency selective scheduling provides no benefit to the performance for high-speed users.

· Overestimation of rank-1 capacity in CL scenarios provides higher than normal rank-1 selection ratio, which adversely affects the throughput. Such overestimation is a result of the fact that the UE finds the best precoder that improves its rank-1 capacity while during the actual transmission, the precoder is too old and the overall system looks more like a 1-Tx system.
· Moreover, such over-estimation may result in an unusually high MCS selection, which requires a high number of HARQ retransmissions and hence, lowers the throughput even further.
4 Conclusions
This contribution has further discussed OL and CL with rank adaptation on DL PDSCH by using system level simulation, and provided strong evidence to show the necessity of employing the OL with rank adaptation for medium and high mobility UE. For such UEs, CL with rank-adaptation, even with using wide-band CQI and PMI and frequency selective scheduling fails to provide sufficient performance provided by OL with rank-adaptation. For high-speed users, CL systems show the following shortcomings.

· CL transmission is optimized for frequency-selective scheduling and narrow-band CQI and PMI reporting. However, for high-mobility users, this information becomes old very fast, despite its huge feedback overhead.

· Highly overestimated rank-1 capacity results in a high percentage of rank-1 users adversely affecting the throughput.

· Overestimation of the rank-1 capacity also results in high throughput MCS selection, which requires more retransmissions, which in turn, lowers the throughput even further.

· Requiring a dual-mode CL, namely:
· Narrow-band CQI and PMI with frequency selective scheduling for low-mobility users
· Wide-band CQI and PMI with diversity scheduling for high-mobility users,
· Even with adding the dual mode CL, the total throughput does not surpass that of OL rank-adaptation, while it still requires the knowledge of the speed in both the UE and nodeB in order to switch between the two CL modes. OL rank-adaptation is therefore a favorable candidate for high-speed users with minimal overhead and provides the highest throughput/coverage.
· The CL requires unnecessary feedback of PMI in UL control signaling and  downlink PMI indication, while for OL, there is no need for these overheads. The transmission error in downlink PMI indication could further degrade its performance. 

The conclusions are 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 system with 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 Appendix
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
	60
	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
	7

	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
	5

	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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