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1 Introduction

In RAN1 #58bis, a set of assumptions on Uplink SU-MIMO [1] was agreed to as follows:
· Further alignment of simulation parameters

· Provide correlation statistics of error events of two TBs

· The throughput results should be accompanied by the assumptions on the respective BLER targets of 2 CWs 

· Composite UL-CQI delay/periodicity impact: Measured in subframe n, apply in n+10

· Gaussian noise (in lognormal)  is added to the SINR upon which the link adaptation is based

· This noise is to model the uncertainty of UE power headroom, flashlight effect, channel estimation error

· Exact method to be further discussed, e.g. 2-3dB (lognormal) variation for flashlight effect

· Link adaptation should assume the highest MCS that still meets 10%  BLER target (outer loop); 25% BLER results can also be considered
In this contribution, we present results based on the assumptions listed above. The system employs linear precoding based on the Rank-2 codebook specified in RAN1 #56bis and #57 and performs rank adaptation. The results of this paper are summarized below:
Table 1:  The performance comparison summary between Non-LS and LS:
(See Figures 3, 4, 5, 6, 7, and 8 for simulation data)
	
	
	3km/h

(Required to be optimized in LTE and enhanced further in LTE-A [36.913, 8.2])
	30km/h

(Required to have high performance in LTE and no worse than LTE in LTE-A[36.913, 8.2])

	no AGI
	Non-LS gain over LS
(MMSE)
	0.5~1 dB
	-0.5dB~-1dB

	
	Non-LS gain over LS
(MMSE-SIC)
	0dB
	-1dB

	AGI = 6 dB
	Non-LS gain over LS
(MMSE)
	3dB
	0~2dB

	
	Non-LS gain over LS
(MMSE-SIC)
	2dB
	0.5~2dB


	
	Non-ls > LS
	
	Non-ls = LS
	
	Non-ls < LS


· At low speeds and with no AGI, the performance of LS is worse than non-LS for the MMSE receiver but equal with the MMSE-SIC receiver. This gain of non-LS over LS is lower than the gain seen in [2], which models the system with a CQI delay of 5 msec compared with the current contribution that models the system with a CQI delay of 10 msec and a log-normal CQI estimation error of 3 dB. However, non-LS is better than LS in both scenarios.
· At high speeds and with no AGI, LS is better than non-LS (similar to [2]).

· In the presence of AGI, non-LS is ALWAYS better than LS.
· Note that the error correlation statistics of the SIC receiver is substantially higher than that of the MMSE receiver. Also the correlation statistics of LS is better than non-LS as expected (see Figures 4 and 7). 
In summary, with the agreed upon assumptions, the performance of non-LS is better than or equal to LS at low speeds but worse at high speeds with no  AGI. However, LS performs poorly in the presence of AGI.

As discussed in [2], LS has two key problems: 
· LS performs poorly in the most important scenario for Rel 10 specification (3 km/hr):
LS shows a performance loss in the low speed scenario at 3 km/hr (the optimization scenario for LTE-A [36.913, Section 8.2]). At high speeds, the relative performance of LS and non-LS can be changed by modifying the link adaptation target as discussed in [2] and as the choice of targets is an implementation issue, the use of a specific target to decide the specification may result in reduced performance of Rel 10.  

· LS performs poorly in the presence of AGI:
LS is not robust in the presence of AGI. Resolving this problem would require additional specification (such as the solution in [3]). 
2 Mode of operation Description
2.1 Non-LS : No Layer Shifting  + No ACK Bundling
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For convenience, the transmission scheme without layer shifting is shown below for reference. Each codeword independently receives an ACK/NAK, with an ACK sent for a codeword if it is successfully decoded: 
Figure 1 Transmission mode without layer shifting (Reference scheme)
2.2 LS: Layer Shifting + ACK Bundling
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The transmission scheme for LS + bundling is shown below. We perform a layer shifting on the order of an OFDM symbol in the time domain. In bundling, a single ACK/NAK is sent back to the transmitter, with an ACK sent only if both codewords are decoded successfully.
Figure 2:
Conventional layer shifting scheme 
The OFDM symbol based Layer shifting scheme obeys the following formula:

Physical Layer Index = (Virtual Layer Index + Data SC-FDM Symbol Index) mod L

The variable L represents the number of the layers for specified uplink MIMO transmission schemes.
3 Simulation evaluation
3.1 Simulation assumptions
In this section, we detail the assumptions of our link adaptation algorithm: 
· The MCS is chosen to ensure the probability of a NAK in the first transmission is exact, in all scenarios (high speed and low speed).
· To achieve this, an Outer-loop link adaptation algorithm is run to ensure this condition is satisfied e.g. [5].
· The Effective SINR per sub-carrier is based on the type of receiver: For the MMSE receiver, the effective SINR of both layers are derived using the MMSE receiver formulas. For the MMSE-SIC receiver, the effective SINR for the first layer is derived using the MMSE formula, while for the second layer, the first layer is assumed to be cancelled successfully and the effective SINR is derived using the MRC formula.
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The order is chosen to maximize the sum Shannon capacity.

· The mapping from SINR per sub-carrier to effective SINR is done using the Exponential Effective SIR Mapping method (EESM).
The simulation will cover the following scenarios:
· Velocity: 3km/30km

· Receiver: MMSE/MMSE-SIC

· AGI: Yes (6 dB)/No (3dB)
CQI Uncertainty:  3 dB, CQI_delay = 10 msec.
The detailed simulation assumptions are listed below:
Table 2:
Link Simulation Parameters
	Parameter
	Value

	Carrier Frequency
	2.0GHz

	Data Transmission
	5 MHz

	IFFT/FFT size
	512

	Receivers
	LMMSE, SIC

	Fading Model
	SCM Urban Micro.

	Fading Speed
	3kmph,30 kmph

	Antenna Configuration
	2 x 2

	Channel and Noise estimation
	Ideal

	Link Adaptation 
	QPSK, 16QAM, 64 QAM, 

	Rank Adaptation
	Yes

	HARQ
	Synchronous, Chase combining

	Max number of transmissions
	4 (including original)

	Sampling Frequency
	7.68 MHz

	Number of RB allocated
	6

	Precoding 
	3-bit codebook 

	Link Adaptation
	OLLA

	CQI Delay
	10 msec

	CQI uncertainty
	Log normal 2dB, 3dB

	Targets [Non-LS, MMSE/SIC]
	10%, 10%

	Targets [LS, SIC-only]
	7.5%, 10%

	Rank Adaptation
	Yes


3.2 Simulation results
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 Figure 3: Throughput Curves: Non-layer Shifting (solid lines), Layer Shifting (dashed lines)

Observation: LS is worse or equal at low speeds. LS is better at high speeds.
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Figure 4: Error Correlation Curves. Non-layer Shifting (solid lines), Layer Shifting (dashed lines)

Observation: LS correlation is always higher than non-LS error correlation. Note that SIC error correlation is very high at high SNRs with no ACK bundling. 
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Figure 5: Non-layer Shifting (solid lines), Layer Shifting (dashed lines),  

Prob(NAK) for first transmission curves at 10% 
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Figure 6: Throughput Curves: Non-layer Shifting (solid lines), Layer Shifting (dashed lines)

Observation: Non-ls is always better. 


[image: image5]
Figure 7: Error Correlation Curves. Non-layer Shifting (solid lines), Layer Shifting (dashed lines)

Observation: LS correlation is always higher than non-LS error correlation. Note that SIC error correlation is very high at high SNRs with no ACK bundling. 
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Figure 8: Non-layer Shifting (solid lines), Layer Shifting (dashed lines),  

Prob(NAK) for first transmission curves at 10% 

4 Conclusion 
In summary, the following conclusions can be drawn for the 2 x 2 antenna configuration case: 
· In the  low speed scenario (3km/h), Non-LS based schemes will always have better performance than or equal LS based schemes in the presence of 3 dB CQI uncertainty 
· In the high speed scenario (30km/h), , No LS based schemes will have worse performance than LS based schemes in the presence of 3dB CQI uncertainty and no AGI.
· In the presence of AGI, LS is always worse.
Given that LTE-A is to be optimized for nomadic access (3 km/hr) and needs extensive work-arounds for adequate performance in channels with AGI, we conclude that LTE-A should choose Non-LS + no bundling as the only candidate scheme for uplink MIMO.
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