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1. Introduction
As LTE evolves to LTE-Advanced, SU-MIMO with spatial multiplexing will be supported also in the uplink. Many issues concerning UL SU-MIMO have been solved, but a major issue that remains to be resolved is whether to have LS shifting with ACK/NACK bundling (bundling of HARQ parameters) or no layer shifting with separate ACK/NACKs (separate HARQ parameters). As decided in RAN1 #58bis, only one of the two alternatives will be kept.

· Keeping both modes during the study item phase seems appropriate at this time. 

· Down selection of one of the options to take place in WI stage

To aid the discussions pertaining to down-selection of schemes, some guidelines on simulation parameters have been agreed. In particular, typical impairments of the link adaptation should be modeled as given below.

· 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
This contribution provides simulation results for the two alternatives and concludes that layer shifting seems to cope better with link adaptation errors and is thus preferred.
2. Simulation Assumptions
To compare layer shifting with no layer shifting, link level simulations with assumptions according to Table 1 have been conducted. Link adaptation impairments are modeled by adding lognormal noise on ideal but delayed SINR valued obtained from SRS transmissions. Two different impairment levels are used. The 3 dB level is inspired by the results in [1] which indicates that a 2.5 dB impairment is a decent model for a full buffer scenario where ICIC is mitigating inter-cell interference. In real systems without ICIC and with non full buffer traffic, the impairment is expected to be substantially larger. The uncertainty of the power relation between SRS transmissions and PUSCH transmissions is also a large source of error. According to RAN4 performance requirements [2] , the error could vary wildly and in some cases even reach ±9 dB. To account for such additional errors we make a conservative estimate of the additional error to be 3 dB and arrive at 6 dB error in total. 
Table 1: General assumptions for link level simulations
	Parameter 
	Value

	Radio access technology
	DFTS-OFDM

	System bandwidth
	5 MHz

	IFFT/FFT size
	512

	Cyclic Prefix
	Normal

	Scheduling bandwidth
	6 RBs

	Number of UE Tx antennas
	2

	Number of eNodeB Rx antennas
	2

	Receiver type
	LMMSE

	Channel estimation for demodulation
	Ideal

	Channel model
	EVA, 5 Hz Doppler

	Precoder
	Single precoder over scheduling bandwidth

Fixed rank equal to 2

Identity matrix used for rank 2

	SRS reporting delay
	8 ms

	Link adaptation impairment
	x ε {3, 6} dB lognormal noise added to ideal but delayed SINRs

	Antenna gain imbalance
	y ε {0, 6} dB


3. Simulation Results
The curves in Figure 1 show the performance when there is no antenna gain imbalance. Two different levels of link adaptation errors are used. As expected, layer shifting exhibits robust performance with impaired link adaptation and the relative gains of layer shifting increase with increasing link adaptation impairment. 

In Figure 2, a scenario with 6 dB antenna gain imbalance is considered. There is still a trend that layer shifting gains increase with magnitude of link adaptation impairment but overall the performance of layer shifting and no layer shifting is more similar.
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Figure 1: Throughput with various degrees of link adaptation impairments. Equal gain on both antennas.
[image: image2.emf]0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

8

9

10

x 10

6

Received SNR [dB]

Throughput [bps]

Antenna gain imbalance 6 dB

 

 

AGI6dB,LAerr3dB

AGI6dB,LAerr3dB,LS

AGI6dB,LAerr6dB

AGI6dB,LAerr6dB,LS


Figure 2: Throughput with various degrees of link adaptation impairments. 6 dB gain difference between the two antennas.
4. Conclusions
Based on the evaluations in this contribution, as well as evaluations in numerous past contributions, we arrive at the following conclusions:
· LS with HARQ parameter bundling preferred since
· It exhibits robust performance when the realistic assumption of link adaptation impairment is considered

· Reduces the number of ACK/NACKs

· Saves overhead and simplifies PHICH design for carrier aggregation
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