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1. Introduction
RAN1 has agreed to support closed-loop rank 1 transmission and MIMO spatial multiplexing 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 RAN1#57bis, and further designs are proposed in [6-7]. However, detailed discussions on Release-10 SRS have not been held yet. 

In this contribution, we show our concern for LTE-A SRS design taking the MIMO performance into account.
2. Consideration on SRS design for multiple Tx antenna
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. 

On the other hand, the evaluation for ITU submission was discussed in RAN1 #58 meeting, and the simulation results were submitted to it. From the results, it was observed that cell edge throughput for UL 2x4 MIMO are not drastically improved over that of 1x4 MISO. Because it can be said that CL-MIMO is not so effective in low SNR case, it would be worth considering the critical reason for the LTE-A SRS design.
2.1. Simulation results

We evaluate the performance degradation due to SRS received estimation error in the case of lower SNR conditions (i.e. received SNR of -5, 0 and 5 dB). The following criteria were assumed for this evaluation. Figure 1 and 2 show the simulation result, and the important assumptions are listed below (other assumptions are listed in Annex 5.1):

A) SRS are transmitted simultaneously from each Tx antenna with a scheduling delay of 8 subframe

· The orthogonality of each Tx antenna are achieved by CDM

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) Various power offset (
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 in 36.213) and realistic SRS estimation are assumed

· Noise filtering in frequency and time domain is applied
D) Different SRS transmission interval are assumed
· 5 ms for Figure 1 and 20 ms for Figure 2
From these simulation result, it was demonstrated that 1Tx scheme is robust for SRS estimation error, and that the performance becomes more sensitive as the number of transmit antenna increases. For the worst case, no gain can be obtained over 1Tx case when 
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 is set extremely low value and SRS transmission interval is large.
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Figure 1. Normalized Throughput for 1Tx, 2Tx and 4Tx considering SRS power offset
( SRS transmission interval = 5ms, UE mobility = 3kmph)
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Figure 2. Normalized Throughput for 1Tx, 2Tx and 4Tx considering SRS power offset
(SRS transmission interval = 20 ms, UE mobility = 3 kmph)

2.2. Considerations on SRS design

From the simulation result in the previous section, we summarize our observation as following:

· In order to enjoy the TxD gain by CL-MIMO, SRS accuracy should be carefully considered.

· Higher SRS accuracy is achieved by:

A) Setting higher 
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 value, or

B) Transmitting SRSs more frequently

It would not be possible to improve the transmission power of SRS because the UEs conditioned on low received SNR are power-limited. In addition, it would also be difficult to shorten the SRS transmit interval because of the SRS overhead for multiple Tx antenna case. Therefore, SRS frequency hopping should be disabled, and SRS transmission should be concentrated on a certain bandwidth. On the other hand, SRS frequency hopping is applicable for single antenna transmission scheme because it is robust for SRS accuracy, as shown in Figure 1 and 2. From these discussions, we suppose that:
· Multiple Tx antennas are not able to obtain scheduling gain, but transmit diversity gain, and

· Single Tx antenna is not able to obtain transmit diversity gain, but scheduling gain
As a result, no remarkable gain for multiple Tx antenna in low SNR condition can be obtained. Therefore, we conclude that the SRS design in Release-8 is not optimized for the multiple Tx antenna transmission, and it should be carefully considered to avoid that the SRS design causes the upper limit of uplink performance.
3. Conclusion

In this contribution, we evaluate the link level throughput in lower SNR conditions relating to LTE-A UL multi-antenna transmission. According to our evaluation, it was demonstrated that SRS accuracy is more sensitive for the throughput than single antenna transmission of Release-8 in the case of lower SNR condition, resulting in no remarkable gain over SIMO case. Therefore, we propose that RAN1 should discuss more about SRS design to achieve higher cell edge throughput.
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5. Annex

5.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	20 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 1,2,4
Rx: 4

	Channel Model
	6 Ray Typical Urban with Kronecker Extension

	
	Antenna Correlation
	Tx: 0.5
Rx: 0.5

	
	UE mobility
	3 kmph

	Resource assignment for UE
	4 RBs

	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
	1152 subcarriers (96RBs) for PUSCH

	Channel Estimation for demodulation
	Ideal

	Channel Estimation for CSI 
	Realistic

	SRS configurations
	SRS bandwidth: 96 RBs
SRS transmission interval: 5 and 20 ms
Delay from SRS to PUSCH transmission: 8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4

	Codebook for precoding
	2Tx: codebook in 36.814
4Tx: codebook in R1-092940
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