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1. Introduction
At RAN1#56 and #56bis, several decisions were made on Uplink MIMO operation: 

Conclusion from R1#56

· Same layer mapping as downlink LTE Rel-8

· Maximum of 2 codewords (TBs)

· Spatial bundling of HARQ parameters desirable:

· Single shared downlink ACK/NAK (PHICH); single shared NDI, RV

· Impact on performance (including overhead) to be verified

· Final decision in the next meeting 

· Number of MCS fields:

· FFS: one or two

· Layer shifting in time domain

· FFS: exact shifting pattern 
· Possibility to configure with or without layer shifting
Further refinement

· Number of MCS fields: two

· Two modes of operation for further study

· No HARQ-ACK Spatial Bundling and no Layer Shifting

· HARQ-ACK Spatial Bundling with Layer Shifting
Results presented in [1] for low-mobility conditions and a MMSE receiver indicated the first mode of operation listed above “ No HARQ-ACK Spatial Bundling and no Layer Shifting” had superior performance compared to “HARQ-ACK Spatial Bundling with Layer Shifting” with and without antenna gain imbalance.  However results by other companies on the relative performance of these modes were varied [2]-[6] making a definitive conclusion on the relative performance of the two modes difficult. This contribution revisits this issue by providing additional results on 1) mobility channel conditions and 2) SIC receivers.  In addition it discusses the impact of differing link adaptation approaches on performance evaluation and suggests some simulation assumptions which may help align companies’ future performance evaluations.
2. General Discussion of Simulation Assumptions 

Simulation assumptions are given in Table 3 of the Appendix. It may be worthwhile to note the following simulation parameter selection when we compare results:

· We think a 4-Rx eNB, as opposed to 2-Rx, is a reasonable assumption in performance evaluation, especially by the LTE-A time frame when we see UEs start to support UL-MIMO feature in.

· Layer shifting can exploit transmit spatial diversity for each codeword that is sent from multiple antennas, as long as the quality of coded symbols in a codeword will not become more disparate due to layer shifting (i.e., when there is no antenna gain imbalance). But any potential gain due to additional diversity could very much depend on the degree of diversity that a link already possesses, for example, the number of receive antennas at the eNB. 

· Doppler of 3Hz and 80Hz

· UL-MIMO rank-2 is also expected to see usage mainly at low mobility, which means that we may want to focus on the most common deployment scenarios, instead of extremely high mobility cases.

3. Mobility and SIC Receiver Simulation Results
Link level simulation results were performed of the two modes agreed for further study:
· No LS: No layer shifting and no HARQ ACK spatial bundling 

· LS: Layer shifting with HARQ ACK spatial bundling.

Simulation assumptions are given in Table 4 of the Appendix. Both MMSE and SIC receivers were evaluated in a TU6 channel with 0 and 6 dB transmit antenna gain imbalance.  Two methods of link adaptation were used, a fixed BLER threshold of 10%, and an outer loop scheme which adjusts the BLER threshold based on decoded block errors.
3.1. Fixed BLER Threshold 

Throughput plots are given in Figure 1 - Figure 4 when the modulation and coding rate of each transport block are chosen to satisfy a fixed BLER threshold of 10%.  Throughput expressed as percentage gain relative to layer shifting with MMSE (MMSE, LS) is given in Table 1. 
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Table 1: Average throughput improvement relative to MMSE with layer shifting (MMSE, LS) in the range of 12-18 dB for 0 and 6 dB of antenna gain imbalance and 3 and 80 Hz Doppler spread.

Overall, the performance benefits of not using layer shifting and using two HARQ processes observed with a MMSE receiver at low Doppler spreads are found to hold with SIC receivers and in fact are even more evident in higher mobility channels. The following observations are obtained:

· No LS outperforms LS for SIC receivers over all AGIs and mobility conditions.  Performance gains are 1-2% and 4-5% for 0 and 6 dB antenna gain imbalances respectively.   Comparable or better performance is obtained with MMSE receivers over all AGIs and mobility conditions.

· With AGI, the inferior performance with layer shifting can be attributed to, for both MMSE and SIC receiver,  the larger variations in per-subcarrier post-processing SNR which occur when half the symbols of a codeword have a mean 6 dB below the other half, as explained initially in [7].

· Without AGI, the 1-2% degradation of throughput with SIC is likely due to A/N bundling.

· Gain of the SIC receiver over the MMSE receiver is roughly independent of antenna gain imbalance.  Gains are 5% for No LS and 3-5% for LS..
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Figure 1
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Figure 2
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Figure 3
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Figure 4
3.2. Outer Loop BLER Threshold Adjustment

Simulations were also performed using an outer loop BLER threshold scheme similar to that given in [8].  The BLER threshold of each codeword was adjusted separately for both layer shifting and non layer shifting modes.  The throughput results normalized to MMSE with layer shifting are shown in Table 2 and throughput vs. received  
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 is given in Figure 5 through Figure 8.  Comparing with the fixed threshold results of Table 1, throughput gains without LS compared to LS are seen to be about 3% and 7% larger for SIC and MMSE respectively at low Doppler. Similar performance gains between no LS and LS are observed at 80 Hz.  As with the fixed threshold case, gain of SIC over MMSE is largely independent of antenna gain imbalance.   Overall, the superior performance observed over all Doppler and gain imbalance conditions with a fixed BLER threshold is also observed with outer loop BLER adjustment.
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Table 2: Average throughput improvement with outer loop BLER threshold adjustment in the range of 12-18 dB for 0 and 6 dB of antenna gain imbalance and 3 and 80 Hz Doppler spread.  Results are normalized to throughput of MMSE with layer shifting (MMSE, LS)
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Figure 5
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Figure 6
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Figure 7
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Figure 8
4. Link Adaptation Simulation Assumptions

Simulation results presented in [1] indicated throughput degradation with spatial bundling even with a 0 dB AGI channel.  Other results [2]-[6] indicated no loss.  Discussion on the reason for the discrepancy focused on different link adaptation strategies employed in the simulations. Some analyses are provided here for discussion.

4.1. A/N Bundling Analysis

First, the effect of A/N bundling can be analyzed intuitively as follows. If the block errors occur independently on the two codewords, say the same per-block error probability of 
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 on each codeword, the probability of  an NACK in the case of bundling is then 
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where 
[image: image15.wmf]B

T

 is the transport block size.  If the per-CW MCS is lowered (say, to 
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[image: image18.wmf]'/

BB

TT

.

In the case that the two error events are 100% correlated, then the throughput with and without spatial bundling should be the same.  Reality lies somewhere between the two points.  From Figure 9 (Fig. 4 of  [1]) it can be seen that the performance difference is indeed between these extremes with the equal performance at low SNR (intuitively makes the error events more correlated) and a relative throughput of 
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at high SNR. 
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Figure 9: Comparison of 1 vs. 2 ACK HARQ with 0 dB AGI. Taken from Fig. 4 of  [1].

4.2. Link Adaptation – MCS determination
Assumed CQI error and the scheduler implementation are understandably the biggest reasons for the discrepancy between the results from different companies.  CQI errors include CQI delay, MCS prediction at the UE (even though UE is supposed to recommend the highest MCS that still meets the 10% or lower BLER for first transmission).

In the interest of aligning simulation assumptions, Table 3 describes how link adaptation is performed in our link level simulation. 
	Parameter
	Values

	CQI Delay
	Measured in subframe n, apply in n+1

(larger CQI delay is likely in operation, which translates into equivalently a reduction of simulated Doppler)

	CQI/MCS Reporting at UE
	UE reports the highest MCS that still meets 10% BLER target

	CQI/MCS prediction at UE
	Constrained average capacity (e.g., MMIB) using ideal channel at all REs of PUSCH

(MMSE: post-processing, SIC: assume perfect cancellation)

	MCS decision at eNB (MMSE)
	Per UE MCS recommendation

	MCS decision at eNB (SIC)
	Fixed Threshold: Reducing the recommended MCS level for the 1st layer by 1 for 80 Hz channels and SIC receiver

Outer Loop Threshold: 3% BLER target for first codeword for SIC receiver and 10% BLER for second codeword.  Both thresholds refer to 1st transmission error rate.


Table 3: Link Adaptation Parameters
5. Conclusions
This contribution presented SIC receiver and high mobility simulation results for the two UL MIMO modes currently under study: a) spatial bundling with layer shifting and b) No spatial bundling and no layer shifting.  Key conclusions are:
· Spatial bundling offers no performance advantage with either SIC or MMSE receivers and degrades performance in environments with either low mobility (3 Hz) or large antenna gain imbalance (6 dB).
· Gain of SIC over the MMSE receiver is roughly independent of antenna gain imbalance and the use of layer shifting I.

Further performance comparison can benefit from some effort to aligning assumptions on link adaptation strategies/practice. 
6. Appendix
	Parameter

	Values

	Bandwidth
	 10 MHz

	Number of RBs
	50

	Antennas Configurations
	2x4

	Fading model
	3Hz and 80Hz Doppler, TU-6

	Spatial channel model
	Tx (UE) uncorrelated, Rx (eNB) uncorrelated 

	MCS levels used 
	36.213 CQI table

	Interleaving
	PUSCH rectangular interleaver

	OFDM frame structure
	4th OFDM symbol in each slot used for RS

	eNB receiver type 
	MMSE or SIC with ideal channel estimation

	Allocated RBs
	8

	HARQ scheme
	1 HARQ process per layer or 1 HARQ process shared between layers.

	Number of MCS assigned
	2, 1 per transport block

	Max number of HARQ retransmissions
	4

	Retransmission delay 
	8 ms

	MCS scheduling and link adaptation
	See Table 3. 

	HARQ process simulation 
	Actual TB decoding

	UE Antenna Gain Imbalance 
	0 and 6dB


Table 4
7. References
[1] R1-091344, Motorola, “MCS and Layer Shifting/Permutation Evaluation for UL-MIMO”, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.
[2] R1-091243, Samsung, “Further discussion on UL MIMO for LTE-Advanced”, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.
[3] R1-091279, Texas Instruments, “MCS and HARQ bundling for uplink SU-MIMO”, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.

[4] R1-091279, Huawei, “Uplink spatial multiplexing for LTE-A”, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.

[5] R1-091215, LG Electronics, “Further consideration on CW-to-layer mapping for UL SU-MIMO in LTE-A, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.

[6] R1-091367, Nokia and Nokia Siemens Networks, “HARQ bundling for LTE-Advanced SU-MIMO”, RAN1#56bis, Seoul, South Korea, 23-27 March 2009.

[7] R1-090327, “UL-MIMO with Antenna Gain Imbalance,” Motorola, 3GPP RAN1#56, Athens, Greece, February 9-13, 2009.
[8] R1-092067, “Further Link Analyses of SU-MIMO Operation for UL of LTE-A”, Qualcomm, 3GPP RAN1#57, San Francisco, May 4-8 2009.
_1302343015.unknown

_1303138464.xls
Sheet1

						12 dB		15 dB		18 dB				Mean Gain 12-18 dB (%)

		0 dB, 3 Hz		MMSE, No LS		1.3741		0.6664		0.6554		0.478		0.9		blue dotted

				SIC, LS		6.16		5.9185		3.447		1.0386		5.2		red solid

				SIC, No LS		7.6351		6.732		4.3777		1.4888		6.2		blue solid

		6 dB, 3 Hz		MMSE, No LS		6.1068		4.3213		2.0884		1.5803		4.2		blue dotted

				SIC, LS		4.5394		4.596		4.2864		0.657		4.5		red solid

				SIC, No LS		12.2729		9.0158		7.3022		5.119		9.5		blue solid

		0 dB, 80 Hz		MMSE, No LS		3.5083		3.2511		2.7224				3.2		blue dotted

				SIC, LS		9.7625		9.6449		7.4019				8.9		red solid

				SIC, No LS		11.7782		10.9872		9.0803				10.6		blue solid

		6 dB, 80 Hz		MMSE, No LS		7.2701		7.4663		4.6166				6.5		blue dotted

				SIC, LS		9.0106		10.7618		6.377				8.7		red solid

				SIC, No LS		14.8592		13.5165		11.6023				13.3		blue solid





Fixed Thresh

						12 dB		15 dB		18 dB				Mean Gain 12-18 dB (%)

		0 dB, 3 Hz		MMSE, No LS		1.3741		0.6664		0.6554		0.478		0.9		blue dotted

				SIC, LS		6.16		5.9185		3.447		1.0386		5.2		red solid

				SIC, No LS		7.6351		6.732		4.3777		1.4888		6.2		blue solid		1.1

		6 dB, 3 Hz		MMSE, No LS		6.1068		4.3213		2.0884		1.5803		4.2		blue dotted

				SIC, LS		4.5394		4.596		4.2864		0.657		4.5		red solid

				SIC, No LS		12.2729		9.0158		7.3022		5.119		9.5		blue solid		5.1

		0 dB, 80 Hz		MMSE, No LS		0.4422		-0.6685		-1.024				-0.4		blue dotted

				SIC, LS		3.319		3.746		3.231				3.4		red solid

				SIC, No LS		5.217		5.015		4.844				5.0		blue solid		1.6

		6 dB, 80 Hz		MMSE, No LS		4.3		2.208		0.4871				2.3		blue dotted

				SIC, LS		3.33		4.27		0.9899				2.9		red solid

				SIC, No LS		8.877		6.864		5.951				7.2		blue solid		4.4





Outer Loop

		Normalized Throughput Gain with Outer Loop BLER Threshold Adjustment

						Mean Gain 12-18 dB (%)

		0 dB, 3 Hz		MMSE, No LS		7.8%		blue dotted

				SIC, LS		11.5%		red solid		4.54%

				SIC, No LS		16.0%		blue solid

		6 dB, 3 Hz		MMSE, No LS		11.1%		blue dotted

				SIC, LS		12.0%		red solid		8.07%

				SIC, No LS		20.0%		blue solid

		0 dB, 80 Hz		MMSE, No LS		2.0%		blue dotted

				SIC, LS		5.8%		red solid		1.95%

				SIC, No LS		7.8%		blue solid

		6 dB, 80 Hz		MMSE, No LS		4.7%		blue dotted

				SIC, LS		6.2%		red solid		5.12%

				SIC, No LS		11.3%		blue solid






_1303140566.unknown

_1302343381.unknown

_1302363138.xls
Sheet1

						12 dB		15 dB		18 dB				Mean Gain 12-18 dB (%)

		0 dB, 3 Hz		MMSE, No LS		1.3741		0.6664		0.6554		0.478		0.9		blue dotted

				SIC, LS		6.16		5.9185		3.447		1.0386		5.2		red solid

				SIC, No LS		7.6351		6.732		4.3777		1.4888		6.2		blue solid

		6 dB, 3 Hz		MMSE, No LS		6.1068		4.3213		2.0884		1.5803		4.2		blue dotted

				SIC, LS		4.5394		4.596		4.2864		0.657		4.5		red solid

				SIC, No LS		12.2729		9.0158		7.3022		5.119		9.5		blue solid

		0 dB, 80 Hz		MMSE, No LS		3.5083		3.2511		2.7224				3.2		blue dotted

				SIC, LS		9.7625		9.6449		7.4019				8.9		red solid

				SIC, No LS		11.7782		10.9872		9.0803				10.6		blue solid

		6 dB, 80 Hz		MMSE, No LS		7.2701		7.4663		4.6166				6.5		blue dotted

				SIC, LS		9.0106		10.7618		6.377				8.7		red solid

				SIC, No LS		14.8592		13.5165		11.6023				13.3		blue solid





Sheet2

						12 dB		15 dB		18 dB				Mean Gain 12-18 dB (%)

		0 dB, 3 Hz		MMSE, No LS		1.3741		0.6664		0.6554		0.478		0.9		blue dotted

				SIC, LS		6.16		5.9185		3.447		1.0386		5.2		red solid

				SIC, No LS		7.6351		6.732		4.3777		1.4888		6.2		blue solid

		6 dB, 3 Hz		MMSE, No LS		6.1068		4.3213		2.0884		1.5803		4.2		blue dotted

				SIC, LS		4.5394		4.596		4.2864		0.657		4.5		red solid

				SIC, No LS		12.2729		9.0158		7.3022		5.119		9.5		blue solid

		0 dB, 80 Hz		MMSE, No LS		0.4422		-0.6685		-1.024				-0.4		blue dotted

				SIC, LS		3.319		3.746		3.231				3.4		red solid

				SIC, No LS		5.217		5.015		4.844				5.0		blue solid

		6 dB, 80 Hz		MMSE, No LS		4.3		2.208		0.4871				2.3		blue dotted

				SIC, LS		3.33		4.27		0.9899				2.9		red solid

				SIC, No LS		8.877		6.864		5.951				7.2		blue solid





Sheet3

		






_1302343335.unknown

_1302329014.unknown

_1302329038.unknown

_1302330838.unknown

_1302328295.unknown

