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1. Introduction
RAN1 has agreed to support closed-loop rank 1 transmission and MIMO-SM to achieve more effective UL transmission [1-2]. However, the exact SRS mechanism to support MIMO has not been discussed yet. Because the SRS mechanism of LTE Release-8 was designed for the single antenna transmission scheme, some modifications for the Release-8 specifications are necessary to satisfy the new functionalities of Release-10 such as multiple component carrier transmission and up to 4 Tx MIMO. Meanwhile, some issues on SRS and the possibility of precoded SRS were discussed [3-5] in the previous RAN 1 meeting. However, detailed discussions on Release-10 SRS have not been held yet. 
In this contribution, we discuss some design options for LTE-A SRS from the viewpoint of closed loop rank 1 transmission performance.
2. UL Multi-antenna SRS Design Options
In RAN1#56bis, it was agreed to support closed-loop rank1 transmission scheme in LTE-A, because it can achieve higher gain over single antenna transmission [1]. However, taking SRS accuracy into account, the SRS received estimation error will impact not only the MCS calculation but also precoder selection resulting in a performance degradation. Therefore, more reliable SRS transmission than Release-8 might be necessary to maximize the performance of closed loop rank 1 transmission and to achieve higher throughput. 
In order to support Release-10 multi-antenna transmission, possible candidates for non-precoded SRS transmission that have a small impact on Release-8 SRS specs can be listed as follows:
Option 1: Separate SRS transmission from each Tx antenna (Figure 1) 

· Multiplexing

· Separate in subframes (i.e. TDM)

· One Tx antenna is used to transmit SRS in one subframe
· Antenna switching algorithm should be modified from Release-8 specs

· One cyclic shift and subcarrier offset of IFDM (i.e. transmissionComb in TS 36.211) can be reused for all Tx antennas, since orthogonalization of SRS is inherent by having only one antenna transmit SRS in one subframe.
· Transmission power

· Same transmission power for each Tx antenna transmission as single antenna transmission 

Option 2: Simultaneous SRS transmission from each Tx antenna (Figure 2) 

· Multiplexing

· SRS orthogonalization achieved by SRS separation by transmissionComb or by cyclic shift (i.e. FDM/CDM)

· All Tx antennas are used to transmit SRS simultaneously in one subframe, thus e.g. for 4Tx each antenna transmits 4 times as frequently as in Option 1.
· Multiple cyclic shifts or transmissionComb are assigned to one UE

· Resource assignment procedure should be modified from Release-8 specs

· Transmission power

· Total transmission power is divided between all Tx antennas, e.g. for 4Tx each antenna transmits at 1/4 Tx power of single-antenna Tx power.
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Figure 1. SRS transmission mechanism 
(Option 1 – Separate SRS from each antenna)
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Figure 2. SRS transmission mechanism
 (Option 2 - Simultaneous SRS transmission from each Tx antenna )

The benefit of Option 1 is, not only the same power control configuration for the Release-8 SRS is applicable to satisfy the accuracy, but Option 1 also has a smaller impact on the standardization effort because the antenna switching mechanism for 2Tx case is already supported for Release-8. However, as a con, especially for the SRS frequency hopping case, more wrap-around time is required to collect all the CSI corresponding to each Tx antennas, thus resulting in a scheduling delay. 

On the other hand, the benefit of Option 2 is that it can achieve easy collection of CSI by the scheduler in spite of the SNR degradation for each Tx antenna. In addition, the accuracy can be further improved by changing the Release-8 SRS parameters for (a) higher power transmission, (b) narrower bandwidth transmission or (c) more frequent transmission, it might be necessary to consider more effective solutions when critical problems such as “transmit power”, “scheduling restriction” and “SRS overhead” are found. 
3. SRS Options Simulation Results

From the discussion in the previous section, we surmise that Option 2 is friendlier for eNB scheduler, unless the SRS received estimation error is not a critical factor. Therefore in this section, we evaluate the performance degradation for Option 2 due to SRS received estimation error. The following criteria were assumed for this evaluation:

A) SRS are transmitted simultaneously from each Tx antenna (i.e. Option 2) with a scheduling delay of 1 subframe

B) Total SRS transmission power over all UE Tx antennas is kept the same as it would be for the single antenna case, regardless of the number of antennas, and is proportionally divided between all these Tx antennas

C) Add white Gaussian noise to SRS after ideal SRS detection

D) SNR of SRS is defined by an offset value from that of PUSCH
B) and C) mean that the SNR for each Tx antenna is half for the 2Tx antenna case, and quarter for the 4Tx antenna case, compared to single antenna transmission.

Figures 3, 4 and 5 in the Annex show the preliminary simulation results of normalized throughput considering different SNR values for SRS. The dotted lines show the SRS performance under ideal error conditions, and the solid lines show the SRS performance under error conditions. SNR offsets of 0, 3 and 6 dB are applied to the SNR of SRS, respectively. 
The results of Figures 3, 4, and 5 demonstrate that the performance becomes more sensitive to SRS errors as the number of transmission antennas increases. Moreover, single antenna transmission may outperform closed-loop rank 1 transmission in the lower SNR situations. This is so because not only the optimum precoder can’t be selected, but also the accuracy of MCS selection becomes worse as the SNR per Tx antenna decreases. 

4. Conclusion

In this contribution, we described two SRS design options relating to LTE-A UL multi-antenna transmission based on closed-loop rank 1 performance. The simulation results indicated that a more accurate SRS scheme than single antenna transmission is required for multi-antenna transmission. 
Therefore, we propose that RAN 1 should evaluate whether the Release-8 based SRS mechanism can support efficient UL LTE-A multi-antenna transmission before the Release-10 SRS design is commenced. 
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6. Annex

6.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	20 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 4
Rx: 4

	Channel Model
	6 Ray Typical Urban with Kronecker Extension

	
	Antenna Correlation
	Tx: 0.1
Rx: 0.1

	Resource assignment for UE
	5 RBs

	Resource scheduling scheme
	Random selection

	UE mobility
	3 kmph

	Receiver Type
	Linear MMSE

	Rank adaptation
	rank1 fixed

	Link adaptation
	Target BLER = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	1200 (100 RBs)

	Channel Estimation for demodulation
	Ideal
coherent averaging within 1 subframe

	Channel Estimation for CSI 
	Ideal SRS with AWGN of x dB
(x = 0, 3 and 6 dB offset from PUSCH SNR)1 subframe delay to UL-SCH transmission

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4


Simulation Results
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Figure 3. Link level simulation for closed-loop rank 1 and single antenna transmission 
(SRS SNR offset = 0dB, TU6, 3kmph)
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Figure 4. Link level simulation for closed-loop rank 1 and single antenna transmission 
(SRS SNR offset = 3dB, TU6, 3kmph)
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Figure 5. Link level simulation for closed-loop rank 1 and single antenna transmission 
(SRS SNR offset = 6dB, TU6, 3kmph)
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