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1
Introduction
In the multiple codeword based MIMO schemes such as PARC and MCW [1], multiple streams using independent HARQ processes are transmitted over different physical or virtual transmit antennas. Therefore, HARQ termination time is likely to be different for each transmit stream. When a stream has terminated its HARQ process, it may either immediately start a new HARQ process or wait until all the other streams terminate their HARQ processes. We call the former blanking strategy and the latter non-blanking strategy. 

The blanking strategy might lose throughput with respect to the non-blanking strategy, since it wastes the potentially useful bandwidth and time resource whenever the HARQ termination time is different for different streams. However, it has an advantage of simple user scheduling, HARQ management, and antenna or rank selection management. Therefore, if the throughput loss due to the blanking strategy is minimal, we can apply it to the multiple codeword based E-UTRA MIMO schemes.   

In evaluating the multiple codeword based MIMO schemes which use successive interference cancellation (SIC) at the receiver [2][3], we assumed that the blanking based HARQ resynchronization is used. In this contribution we compare the link throughput performance of the blanking and the non-blanking strategy when UE uses a linear MMSE receiver and an MMSE-SIC receiver.    

2
Simulation Assumptions
Simulation set-up is the same as in [2]. Table 1 and Table 2 describe the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 2x2 (2 layers), and 4x4 (4 layers) antenna configurations for MCW MIMO [2]
· Nx time-frequency scattered FDM pilot structure, where N is the number of transmit antennas (N = 2, 4)
· Pilot and data tones are uniformly spaced across the entire band

· Bandlimited white interference and noise
· GSM TU channel – 3kmph, 30 kmph

· Channel estimator length – 15 OFDM symbols

· CQI feedback delay – 2 TTIs

· CQI feedback frequency – once per TTI

· CQI generation – capacity formula based effective SINR method averaging the MMSE output SINR of individual tones

· Number of  parallel H-ARQ processes – 6

· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 20% BLER target for each stream after the first transmission 

· Signal Detection – linear MMSE, MMSE-SIC
· Transmit Antenna Selection – no antenna selection nor rank prediction was used. 
	Slot duration
	0.5 ms

	TTI
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Full CQI description
	5 bits

	Incremental CQI description
	3 bits


Table 1

Evaluation Numerology

	
	2x2
	4x4

	Pilot tones per symbol per antenna
	25
	12

	Pilot staggering
	2
	4

	Data tones per symbol per antenna
	250
	252

	Pilot Ec/Ior
	- 10 dB
	- 8.23 dB

	Data Ec/Ior
	- 3dB
	- 3dB


Table 2
Resource Allocations for Simulation
Table 3 describes the MCS format table used for adaptive modulation and coding of each layer, which is composed of 32 entries. Thus, we allocated 5bits for the full CQI description. On the other hand, we allocated 3bits for the incremental CQI description in the MMSE-SIC based MCW scheme. Therefore, the MCW with a linear MMSE receiver feeds back 5bits and the MCW with an MMSE-SIC receiver feeds back 8bits per TTI.
	Packet format index
	Spectral efficiency per antenna on the
 1st transmission

(bits/tone)
	Payload size per antenna

(250 tones/OFDM symbol,

7 OFDM symbols/TTI)
	Modulation order

	0
	0.21
	367
	2

	1
	0.40
	700
	2

	2
	0.48
	840
	2

	3
	0.59
	1032
	2

	4
	0.71
	1242
	2

	5
	0.84
	1470
	2

	6
	1.00
	1750
	2

	7
	1.18
	2065
	2

	8
	1.37
	2397
	4

	9
	1.58
	2765
	4

	10
	1.81
	3167
	4

	11
	2.06
	3605
	4

	12
	2.31
	4042
	6

	13
	2.59
	4532
	6

	14
	2.87
	5022
	6

	15
	3.16
	5530
	6

	16
	3.46
	6055
	6

	17
	3.76
	6580
	6

	18
	4.07
	7122
	6

	19
	4.39
	7682
	6

	20
	4.71
	8242
	6

	21
	5.03
	8802
	6

	22
	5.35
	9362
	6

	23
	5.68
	9940
	6

	24
	6.00
	10500
	6

	25
	6.33
	11077
	6

	26
	6.65
	11637
	6

	27
	6.99
	12232
	6

	28
	7.32
	12810
	6

	29
	7.65
	13387
	6

	30
	7.98
	13965
	6

	31
	8.31
	14542
	6


Table 3
MCS Formats

3
Results
Figure 1 and Figure 2 plot the throughput vs. geometry in the 3kmph and 30kmph channels, respectively. Figure 1 assumed a perfect prediction of traffic-to-pilot power (T/P) ratio (through a higher layer signalling in advance) in calculating the CQI, while Figure 2 assumed that the actual T/P ratio in the scheduling instant is smaller than the T/P ratio predicted in the CQI calculation instant by 3dB. Therefore, Figure 1 and Figure 2 show the performance results when the CQI feedback is very accurate (slow speed and perfect T/P prediction) and reasonably inaccurate (moderate speed and imperfect T/P prediction), respectively. 
In the figures, NB- indicates that the non-blanking strategy was used, and, otherwise, the blanking strategy was used. The simulation results show a clear discrepancy in the efficiency of the blanking strategy between the linear MMSE receiver and the MMSE-SIC receiver. The throughput loss due to the blanking strategy is minimal in the MMSE-SIC receiver while it is unacceptably huge in the linear MMSE receiver.
In the MMSE-SIC based receiver, it is highly probable that all the streams terminate their HARQ processes at the same time, since the data rates of all the streams are sequentially controlled so that the higher layer streams can be decoded only when the lower layer streams are cancelled out. As the adaptive BLER control loop forces all the streams have almost the same BLER (20% after the first transmission in this simulation), the higher layer streams can be decoded immediately once the lower layer streams are decoded and cancelled out. As a result, the blanking strategy just resynchronizes the HARQ processes very rarely when all the streams cannot be decoded at the same time.
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Figure 1
Throughput vs. geometry (3km/h, TU)

[image: image2.emf]Throughput vs. Ior/No 

(30km/h TU)

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

Ior/No (dB)

Throughput (Mbps)

2x2 NB-MCW-MMSE

2x2 MCW-MMSE-SIC

2x2 NB-MCW-MMSE-SIC

2x2 MCW-MMSE

4x4 NB-MCW-MMSE

4x4 MCW-MMSE-SIC

4x4 NB-MCW-MMSE-SIC

4x4 MCW-MMSE


Figure 2
Throughput vs. geometry (30km/h, TU)

On the other hand, in the case of linear MMSE receiver, the data rates of the streams are not sequentially controlled. Therefore, the termination time of each stream is not closely tied. In this simulation, as the adaptive BLER control loop forces each stream to yield 20% BLER after the first transmission, individual streams terminate with the probability of 80% after the first transmission but also request the second transmission with the probability of 20%. Therefore, the probability that the different streams terminate at different time is much higher in the linear MMSE receiver than in the MMSE-SIC receiver. A solution to minimize the loss of the blanking strategy even in the linear MMSE receiver is to conservatively operate the BLER control loop so that the target BLER after the first transmission is very low (e.g., 1%). However, in this case, we will lose most of the potential gain of the HARQ operation, which typically provides a robust throughput performance when the CQI measurement is not accurate or the channel variation becomes faster.   

4
Conclusions
In this contribution, we evaluated throughput performance loss originating from a blanking based HARQ resynchronization strategy. The throughput loss due to the blanking strategy is minimal in the MMSE-SIC based receiver while it is significant in the linear MMSE receiver.  Therefore, it is recommended not to use the blanking based HARQ resynchronization for the UEs with linear MMSE receiver unless the HARQ is operated with a very low target error rate for the first transmission (e.g., 5%). 

Some MIMO schemes cannot avoid using the blanking based HARQ resynchronization even when they use linear MMSE receivers. We recommend that the performance simulations for each E-UTRA MIMO proposal should be based on the feasible assumption on the HARQ resynchronization with an explicit description of blanking or non-blanking.

We propose to capture this as text in TR 25.814 [4].

5
References
[1] R1-051267, Qualitative Evaluation of MIMO Schemes for OFDM-based E-UTRA Downlink, Qualcomm Europe.
[2] R1-051505, Initial Comparison of MIMO Schemes for OFDM-based E-UTRA Downlink, Qualcomm Europe.
[3] R1-050903, Description and Link Simulations of MIMO Schemes for OFDMA based E-UTRA Downlink Evaluation, Qualcomm Europe.
[4] 3GPP TR 25.814, Physical layer aspects for evolved UTRA.




















































PAGE  
5

