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1. Introduction

In RAN1 #62, the introduction of multi-shot dynamic aperiodic SRS (A-SRS) transmission was discussed [1], however a RAN1 Agreement was not reached. The concerns for multi-shot transmission which were brought up in that meeting can be summarized as following:

· It was claimed that One-shot transmission may cover multi-shot transmission, thus multi-shot is unnecessary.

· It was demonstrated that Multi-shot can improve the performance for cell-edge UEs. However, the system level impact was claimed to be unclear.

· It was claimed that Multi-shot may cause scheduling complexity to control the collision between UEs.

In this contribution, we show system level simulation results for multi-shot, and demonstrate that multi-shot transmission can improve both average cell and cell-edge throughput over one-shot transmission.

2. Classification of Multi-shot Techniques
Taking the proposals on multi-shot A-SRS into account [2]
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[3], we can classify the schemes into two groups, and each has major benefits and drawbacks as the following:

· Type A: Transmit A-SRS consecutively with the same frequency domain position

· Target: Coverage enhancements

· Type B: Transmit A-SRS to cover hopping bandwidth

· Target: More triggering opportunity
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Figure 1 Multi-shot Schemes
In our view, the Type A scheme can be realized with one-shot transmission if the frequency hopping mechanism is properly defined, as in Figure 2 below (the detail is discussed in [4]). Furthermore, the performance gain with the Type A scheme has already shown in [2]. Therefore, in this document, we focus only on the Type B scheme and discuss whether the Type B scheme can really bring considerable benefits for the scheduler complexity reduction or performance gain.
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Figure 2 Example diagram to achieve Type A A-SRS transmission by one-shot transmission
3. Simulation Results

3.1. Simulation Assumptions

In this section, we clarify the simulation assumptions employed in this evaluation. Other simulation assumptions are found in Table 2 in Annex.
· Transmission timing and available SRS subframe

· All the cell-specific SRS subframes are available

· A-SRS is transmitted when a dynamic aperiodic SRS trigger is detected in subframe n, the UE transmits an aperiodic SRS in the first cell-specific SRS subframe n’ satisfying 
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 (k=4) [4].
· Configuration of cell-specific SRS resources
· 2 subframes within 5 subframes (i.e. TSFC=5 and ΔSFC={0,1}) .

· Comb is used to partition periodic SRS (P-SRS) and A-SRS.

· PUSCH scheduling

· The same PUSCH scheduling algorithm is applied to all options, i.e. intentional PUSCH assignment to trigger A-SRS is not performed.

· SRS resource assignment

· P-SRS

· 80ms interval, and multiplexed by cyclic shifts

· A-SRS

· The eNB manages interval and offset for A-SRS transmission per UE, and A-SRS can be transmitted when PUSCH is assigned in corresponding subframes as in Figure 2.

· Transmission interval of 5~20 ms depending on resource usage, i.e. total A-SRS resource usage is constant

· The same transmission interval for all UEs

· If the resource is not enough, lower interval is assigned to the UEs which have higher geometry.

· Hopping and multi-shot mechanism

· Reuse the same hopping mechanism as Rel-8/9.

· Multi-shot duration is 10.

· Retransmission and A-SRS trigger

· It is assumed that A-SRS cannot be triggered in the case of retransmissions.

3.2. Simulation Results

Figure 3~5 in Annex shows the system level simulation results for using the assumptions described in the previous section, and they are summarized in Table 1 below. The average cell throughput and 5 percentile (cell-edge) throughput for one-shot, multi-shot Type A and multi-shot Type B are shown here. From these results, it is demonstrated that average cell throughput gain of 4 % can be achieved due to the improved triggering opportunities by multi-shot transmission. Moreover, it was also confirmed that multi-shot transmission can contribute to improved cell-edge performance. 

Observation from the simulation results:

· Multi-shot transmission can improve the average cell throughput and cell-edge throughput due to increased opportunity to trigger.
Table 1 Performance Comparison between One-shot and Multi-shot

	Scheduled UE
per TTI
	5 percentile Throughput (bps/Hz)
	Average Cell Throughput (Mbps)

	
	One-shot
	Multi-shot
	One-shot
	Multi-shot

	6
	0.0350
	0.0365
(+4.40%)
	11.19
	11.66
(+4.21%)

	8
	0.0397
	0.0431
(+8.63%)
	11.91
	12.35
(+3.68%)

	10
	0.0426
	0.0458
(+7.42%)
	12.17
	12.50
(+2.77%)


4. Benefits of multi-shot A-SRS

Scheduler Complexity Reduction

Recalling the original intention to introduce A-SRS as discussed in RAN1 #59, a number of companies believed that the SRS overhead will be detrimental when multiple antenna port transmission is introduced, and the dynamic turn-on/off control is necessary to realize the benefit of multiple antenna port transmission regardless of the geometry of UEs. 

Based on that background, it would be a natural strategy that A-SRS resource is anyway managed by the interval and time-offset similar to Rel-8/9 P-SRS (especially when the interval-based frequency hopping mechanism is supported). Otherwise, eNBs are forced to change the resource management algorithm of SRS drastically from Rel-8/9. Furthermore, A-SRS must be transmitted while the UL buffer is not empty. Therefore, multi-shot A-SRS transmission should a natural extension of P-SRS, adding the functionality of “L1 level turn-on/off based on buffer status”.

Observation:

· Additional scheduling complexity will never be imposed by the introduction of multi-shot A-SRS, because the eNB should anyway manage the A-SRS resources by means of interval and offset, similar to Rel-8/9.

More triggering opportunity

It was clarified by the simulation that multi-shot transmission can bring the gain over one-shot due to the increased triggering opportunity. This result means that the triggering opportunities by UL-grant with one-shot are not enough to achieve efficient transmission of A-SRS, and multi-shot can trigger A-SRS efficiently without any modification of the scheduler algorithm for PUSCH resource assignment. However, opponents may claim that triggering by DL-assignment can improve the opportunity instead of use of multi-shot, thus multi-shot is not necessary when triggering by DL-assignment is supported. However, the correlation of traffic on UL and DL should be treated as independent as discussed in [5]. Therefore, the introduction of multi-shot should be discussed separately from the introduction of triggering by DL-assignment, and multi-shot should be employed to achieve more triggering opportunity, as shown by the simulation results.

Observation:

· More triggering opportunity by multi-shot transmission brings the performance gain.

· The traffic for UL and DL are independent, and it should be assumed that trigger by DL-assignment cannot improve the triggering opportunity for UL.
5. Conclusion

In this contribution, we showed the necessity of multi-shot dynamic aperiodic SRS (A-SRS) from the performance perspective. From the system level simulation, it was demonstrated that both average cell throughput and cell-edge throughput can be improved by the increased opportunity of triggering. Therefore, we propose following:

Proposal:

· Multi-shot A-SRS should be introduced in Rel-10.

· Multi-shot transmission should be designed at least to maximize the triggering opportunities (i.e. Type B in Figure 1).
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7. Annex

7.1. Simulation Assumption

Table 2 System Level Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz
46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Antenna Configuration
	2 antennas for Tx and Rx

	Cell Layout
	3GPP case 1 3D

	
	
	Hexagonal grid

	
	
	19 cell sites / 3 cells per cell site

	
	
	ISD=500 m

	Number of UEs 
	570 UE (10 UE per cell)

	TPC parameters
	Pmax=23 dBm
P0=-84 dBm
α=0.8
Ks=0 in 36.213

	Scheduling scheme
	Proportional fairness

	Channel Model
	SCM urban macro

	
	
	Antenna configuration
	Tx: Co-polarized array with 0.5λ spacing
Rx: Co-polarized array with 10λ spacing

	
	
	UE mobility
	3 kmph

	
	
	Angle spread
	8 degree

	Access scheme
	Dynamic switching of SC-FDMA and Clustered DFT-S-OFDM with PA-backoff of 6dB
Maximum number of clusters = 2

	Receiver Type
	Linear MMSE

	Rank adaptation
	On

	Link adaptation
	Target BLER = 10-1

	Channel Estimation for demodulation
	Realistic

	Channel Estimation for CSI 
	Realistic

	Traffic model
	Full buffer

	HARQ scheme
	Chase Combining
round trip delay = 8 ms
Maximum Retransmission number =4

	Scheduling algorithm
	Proportional Fairness
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Figure 3 Performance Comparison between One-shot and Multi-shot
(number of scheduled UE per TTI = 6) 
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Figure 4 Performance Comparison between One-shot and Multi-shot
(number of scheduled UE per TTI = 8)
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Figure 5 Performance Comparison between One-shot and Multi-shot
(number of scheduled UE per TTI = 6)
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