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1. Introduction
In RAN1 #62, the introduction of multi-shot dynamic aperiodic SRS (A-SRS) has been discussed, and no conclusion has been reached. Although the motivation for multi-shot A-SRS is the efficient triggering of A-SRS and performance improvements for cell-edge UEs, no system level simulation results were provided so far and the exact performance improvements is still unclear. 

In our view, it is impossible to show the gain of multi-shot A-SRS over one-shot A-SRS at this moment because the concrete signaling mechanism for one-shot A-SRS (i.e. signaling constraints) has not yet been determined (i.e. one-shot can obviously cover multi-shot if no signaling/scheduling constraints are imposed). Therefore, RAN1 should first decide whether A-SRS should cover cell-edge UEs (which have no power headroom to transmit whole bandwidth SRS) or not, then decide on whether the introduction of multi-shot A-SRS considering that one-shot A-SRS can really cover multi-shot A-SRS under the restrictions.
In this contribution, we share simulation results that compare the possible techniques to improve cell-edge performance (i.e. in-band precoded DMRS, in-band non-precoded DMRS and A-SRS with support of flexible bandwidth transmission same as Rel-8 periodic SRS), and clarify that A-SRS supporting flexible bandwidth transmission is the best solution for this purpose.
2. Sounding Techniques to Support Cell-Edge UEs
The techniques to improve cell-edge performance discussed in this contribution are listed below.
· In-band precoded DMRS [2]

· Pros:

· MCS selection is possible.
· No specification support is necessary.

· Cons:

· It cannot be used for rank and precoder selection.
· In-band non-precoded DMRS [2]

· Pros:
· MCS, rank and precoder selection are possible
· Cons:
· Specified signaling support to switch precoded and non-precoded.
· Support of both types of DMRS by the receiver.
· Performance loss due to inaccurate channel estimation.
· A-SRS with flexible bandwidth transmission
· Pros:
· Flexible support of A-SRS for all UEs.
· Cons:
· Potential signaling overhead, e.g. frequency position indication and hopping

· Standardization efforts to define the signaling mechanism.
Note that “flexible bandwidth transmission” means that the A-SRS bandwidth can be configured depending on the power headroom by the same manner as Rel-8 periodic SRS. If the use of precoded DMRS can improve both average throughput and cell-edge throughput, other standardized solutions are obviously unnecessary. If not, it should be considered to employ ether of other standardized techniques because multiple Tx antenna transmission that increases the power consumption but no performance gain is obviously detrimental for the UE implementations. In the next section, we clarify the potential improvements for each technique under the assumptions.
3. Simulation Results

In this section, we present simulation results that show the performance gain by the sounding via in-band precoded DMRS, in-band non-precoded DMRS, and A-SRS supporting cell-edge UEs. It is assumed that the resources for periodic SRS (P-SRS) are not sufficient due to a large amount of camping UEs. Tables 1 and 2 show the simulation assumptions, throughput CDF, and summary of the simulation results are shown in Table 3, Figure 1 and 2 in Annex, respectively.
Table 1 shows the system level simulation results to show the performance gain by the sounding via in-band DMRS. In this simulation, two types of sounding options and reference as below are evaluated.
Table 1 Performance Comparison for DMRS Sounding
	Throughput
	Option 1-1
	Option 1-2
	Reference

	Description for sounding technique 
	P-SRS
	80 ms interval
	80 ms interval
	80 ms interval

	
	In-band Precoded DMRS
	Used
	Not used
	Not used

	
	In-band non precoded DMRS
	Not used
	Used
(All the DMRSs are non-precoded)
	Not used

	5-Percentile User Throughput (bps/Hz)
	0.0395
	0.0391
	0.0397

	Gain over Reference (%)
	-0.55
	-1.57
	-

	Average Cell Throughput (Mbps)
	11.834
	11.805
	11.180

	Gain over Reference (%)
	5.52
	5.29
	-


From these results, it was demonstrated that the sounding via DMRS is effective for at least average cell throughput. In contrast, the improvements for cell-edge UEs weren’t confirmed even if the non-precoded DMRS is used. 
Observation:

· It was confirmed that the sounding via DMRS is effective for cell-centre UEs.
On the other hand, Table 2 shows the simulation results to show the performance using the sounding via A-SRS, which is partitioned with P-SRS by IFDM. In this simulation, two types of sounding options and reference (same as the “reference” above) as below are evaluated. In Option 2-1, only the full bandwidth A-SRS (i.e. corresponding to BSRS=0) is supported, thus A-SRS for the UEs that don’t have enough power headroom is disabled. Instead, precoded DMRS is used to obtain the narrow band channel state. In contrast, non-wideband A-SRS transmission similar to P-SRS is possible for Option 2-2, thus all the UEs can transmit A-SRS. In addition, precoded DMRS is also used for both options to update channel information. Furthermore in this simulation, any signalling constraints are not imposed for A-SRS triggering. However, the transmission bandwidth and frequency position are determined by the same manner as P-SRS frequency hopping, which transmission instance is 5~20 ms depending on the A-SRS resource usage.
Table 2 Performance Comparison for A-SRS Sounding
	Throughput
	Option 2-1
	Option 2-2
	Reference

	Description for sounding technique
	P-SRS
	80 ms interval
	80 ms interval
	80 ms interval

	
	Precoded DMRS
	Used
	Used
	Not used

	
	A-SRS
	full bandwidth A-SRS only
(Disabled for power limited UEs)
	All UEs can transmit A-SRS
(Same bandwidth as P-SRS is used)
	Not used

	5%ile User Throughput (bps/Hz)
	0.0414 
	0.0445 
	0.0397 

	gain over Reference (%)
	4.24
	10.84 
	-

	Average Cell Throughput (Mbps)
	12.683 
	12.739 
	11.180 

	gain over Reference (%)
	11.85 
	12.24 
	-



These results demonstrate that the remarkable gain of 6.6% for 5 percentile user throughput can be achieved by A-SRS, which cannot be obtained by the sounding via DMRS. In addition, we could confirm a small gain for 5 percentile user throughput by Option 2-1. This is because, in our power control parameter settings, about 85 % UEs were able to utilize A-SRS and small amount of UEs with 5 percentile throughput were able to enjoy the benefit of A-SRS. From Figure 2-(C), it was also demonstrated that Option 2-1 can improve the performance over the certain branch point of CDF, but Option 2-2 can improve the throughput performance for all UEs below 5 % CDF. From these analysis, our observation can be summarized as following:
Observation:

· A-SRS with non-wideband transmission is only the scheme that can improve the cell-edge performance. 
4. Considerations
According to the simulation results, it was demonstrated that the sounding via DMRS can improve the average cell throughput, but not cell-edge throughput. In the evaluation, DMRS is mainly used to update the old channel information obtained by SRS, and the intentional PUSCH assignments for the sounding purpose aren’t performed. It is deemed that this scheduling is the reason why cell-edge performance couldn’t be improved despite of [2]. 
Considering the above discussion and timeline of Rel-10, it is obvious that no specification support for DMRS sounding is preferable. On the other hand, it is also deemed that the SRS resource depletion by the introduction of 4Tx UEs would be more serious in the later release, and the sounding mechanism via DMRS would be more important. In addition, because the intentional PUSCH scheduling for the sounding purpose is a trade off between the sounding improvement and loss of frequency selective scheduling, the possibility of cell-edge performance improvements by the scheduler optimization shouldn’t be ruled out. Therefore, we recommend the sounding mechanism using DMRS, which can assist the inaccuracy of sounding via SRS, should be studied further for the future releases after Release 10. 

On the other hand, it was demonstrated that the A-SRS can improve the performance for cell-edge UEs. Considering the original intention for A-SRS was reducing the SRS overhead, it is natural to support A-SRS mechanism not only cell-centre UEs but also cell-edge UEs. Therefore, we propose that A-SRS should be designed to all the UEs, which might not have enough power to transmit wideband SRS. More concretely, we should introduce the mechanism to determine the frequency bandwidth and position for A-SRS. And then, the necessity of multi-shot A-SRS should be discussed because the indication of frequency position potentially increases the overhead of PDCCH and the feasibility is unclear at this moment.
5. Conclusion

In this contribution, we discussed the possible techniques to improve the cell-edge performance for multiple antenna transmission. The simulation results showed that A-SRS supporting non-wideband transmission brought significant gain over the sounding via precoded DMRS. Therefore, we propose following:
· Dynamic aperiodic SRS should be designed to support not only cell-centre UEs but also cell-edge UEs.
· Bandwidth of A-SRS should be configured by the same manner as periodic SRS

· In addition, the mechanism to determine the frequency domain position should be supported.

· Necessity of multi-shot dynamic aperiodic SRS should be discussed considering the signalling constraints for one-shot dynamic aperiodic SRS.
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7.  Annex

7.1. Simulation Assumptions and Results
Table 3 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
	SC-FDMA
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

	Codebook for precoding
	codebook in 36.814

	Signals used for sounding
	The combination of following techniques are used

1. Periodic SRS of 80ms intervals
2. Precoded DMRS
3. Non-precoded DMRS
4. Full flexible A-SRS or wideband only A-SRS
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Figure 1 Performance Comparison for DMRS Sounding Schemes
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Figure 2 Performance Comparison for A-SRS Sounding Schemes
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