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In RAN1 #94 meeting, for the evaluation of additional SRS symbols, it was agreed that 
-	Companies are encouraged to study and evaluate considering 
•	Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
•	Specification impact
•	UE complexity
•	RF impact
-	RAN1 will finalize on the performance metrics and evaluation methodology in RAN1#94bis
-	System level parameters, evaluation methodology, and the need for system level evaluation can be discussed in the next RAN1 meeting
In addition, there is also a conclusion that: 
For link level evaluation, companies are encouraged to submit evaluations results based on following assumptions as a starting point, 
…
In this contribution, we first discuss the performance metrics and evaluation methodology and then provide both link level and system level evaluation results to demonstrate the performance gains of additional SRS symbols.
[bookmark: _Ref129681832]Discussion
Performance metrics and evaluation methodology
For the performance metrics, since this WI focus on the DL MIMO efficiency enhancements, it is straightforward to take downlink throughput as a metric for evaluations. 
While for the UL, since more symbols are used for SRS transmission, the degradation of UL throughput could be considered as a metric. In addition, the objective ‘enhance SRS capacity and coverage’ in the WID[1] could also be metrics for uplink performance.
Proposal 1: Take downlink throughput gains and uplink throughput degradation as metrics for evaluation of additional SRS symbols.
For the evaluation methodology of downlink throughput gains, the number of addition SRS symbols can be evaluated by link-level simulation to demonstrate the downlink throughput gains while for the SRS resource allocation granularity (e.g., slot-level or subframe-level), system-level simulations can be performed. Furthermore, the impact of PDSCH’s ACK/NACK by additional SRS symbols should also be evaluated by theoretical analysis.
Proposal 2: Methodology of downlink throughput impacts 
· Gain from SRS coverage enhancement: 
· link-level simulation for the number of additional SRS symbols for a UE 
· system-level simulation for SRS resource allocation granularity for a cell
· loss from the impact on HARQ-ACK/NACK feedback: 
· theoretical analysis

For the methodology of uplink throughput degradation, SRS capacity, all of them can be theoretically analyzed.
Proposal 3: Methodology for evaluation of uplink throughput degradation:
· theoretical analysis

Link level evaluations results
As shown in Figure 1, link level evaluation results of 2 and 4 continuous SRS symbols for a UE are provided. The evaluation assumptions are summarized in Appendix A. Compared to the baseline one SRS symbol, it can be observed from Figure 1 that both 2 and 4 continuous SRS symbols can achieve significant downlink throughput gains in low SNR range (e.g., -10~0 dB). For example, when SNR=-6dB，38% and 79% downlink throughout gains can be obtained with 2 and 4 continuous SRS symbols, respectively. And for a typical cell edge SNR=-4dB, it could also achieve 24% downlink throughput gains with 2 SRS symbols and 50% gains with 4 SRS symbols. 
While for the high SNR (e.g., SNR>6dB), it can been seen that there is almost no gains. This is because when the SNR is in a low range, the repetition of SRS can enhance the received SRS power at the eNB side and a better channel estimation thus a better precoder for PDSCH can be acquired. However, as the SNR increases, the channel estimation with high SNR SRS is accurate enough and the gain on the PDSCH performance is minor even with more SRS symbols.
In addition, from Figure 1, it can also be observed that 4 continuous SRS symbols outperforms 2 SRS symbols significantly when SNR is at a low SNR range (-10~-2dB). 
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Figure 1 Downlink throughput gains of 2/4 additional SRS symbols 

From the above analysis, we have the following observations:
Observations 1:  2/4 continuous SRS symbols can achieve significantly downlink throughput gain at a low SNR range (-10dB to 0dB).
Observation 2: 4 continuous SRS symbols outperforms 2 additional SRS symbols with significant gain. 
System level evaluation results
At last meeting, three options were proposed on SRS resource allocation granularity from a cell, i.e.,
· Option 1: All symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Option 2: All symbols in one subframe can be used for SRS from cell perspective
· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Other options are not precluded

By supporting Option 1, eNB can also be able to configure all symbols in one subframe for SRS, by configuring the two slots of a subframe to be used for SRS. Thus Option 2 is actually a special case of Optiona1. 
In the case of high traffic load in downlink and almost no uplink service, the entire subframe can be allocated for SRS by both Option 1 and Option 2. Hence there would be no performance difference between two options. When there is also moderate uplink traffic load, one slot can be reserved for SRS if slot level SRS resource granularity is supported. However, for subframe-level SRS resource granularity, in order to keep the same SRS resource overhead as slot-level SRS, a longer SRS periodicity has to be configured. As a result, slot level SRS resource granularity can provide more gain than subframe level SRS resource granularity due to the more frequently probe of uplink channel. In other words, a much fresher channel information could be obtained by slot-level SRS than subframe-level SRS. Based on this analysis, the performance is compared between slot-level and subframe-level SRS granularity assuming the same SRS resource overhead.
In the system level simulation, the baseline is legacy SRS, where each UE transmit SRS with the periodicity of 5 ms. For Option 1, one slot is used for SRS per 5ms, and each UE is allocated 4 UL symbols in one SRS slot. As for Option 2, in order to have the same SRS overhead as Option 1, the periodicity is set to 10ms, and each UE is allocated 4 UL symbols in a SRS subframe.  Frequency hopping is enabled in the simulation, where each hopping band is 12 RBs. The detailed simulation assumptions are listed in the Appendix B. The simulation results for UMa and UMi channel model are illustrated in Figure2.
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Figure 2 performance comparison between legacy SRS, subframe-level SRS granularity and slot-level SRS granularity. 
From Figure 2, it can be observed that, both Option1 and Option2 show significant performance gain over legacy SRS resource configuration, especially for cell edge UEs. In addition, it is also shown that with the same SRS overhead maintained for Option 1 and Option 2, Option 1 (slot level SRS resource granularity) has about 4% and 10% gain for cell average UPT and cell edge UPT over subframe level granularity respectively.
Observation 3: Option 1 (slot level SRS resource granularity) can also be able to support all symbols in one subframe for SRS. Option 2 (subframe level SRS resource granularity) is actually a special case of Option1.
Observation 4: Both Option1 and Option2 show significant performance gain over legacy SRS resource configuration. 
Observation 5: Option1 has about 4% and 10% gain for cell average and cell edge UPT over Option2 with the same SRS overhead.

Conclusions
In this contribution, the performance metrics and evaluation methodology for additional SRS symbols are discussed and then link level and system level evaluation results of additional SRS symbols are provided with the following proposals and observations: 
Observations 1:  2/4 continuous SRS symbols can achieve significantly downlink throughput gain at a low SNR range (-10dB to 0dB).
Observation 2: 4 continuous SRS symbols outperforms 2 additional SRS symbols with significant gain. 
Observation 3: Option 1 (slot level SRS resource granularity) can also be able to support all symbols in one subframe for SRS. Option 2 (subframe level SRS resource granularity) is actually a special case of Option1.
Observation 4: Both Option1 and Option2 show significant performance gain over legacy SRS resource configuration. 
Observation 5: Option1 has about 4% and 10% gain for cell average and cell edge UPT over Option2 with the same SRS overhead.
Proposal 1: Take downlink throughput gains and uplink throughput degradation as metrics for evaluation of additional SRS symbols.
Proposal 2: Methodology of downlink throughput impacts 
· [bookmark: _GoBack]Gain from SRS coverage enhancement: 
· link-level simulation for the number of additional SRS symbols for a UE
· system-level simulation for SRS resource allocation granularity for a cell
· loss from the impact on HARQ-ACK/NACK: 
· theoretical analysis
Proposal 3: Methodology for evaluation of uplink throughput degradation:
· theoretical analysis

Appendix A
Table 1 Simulation parameters for link level simulation
	System Bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	System
	TDD, LTE Configuration 2

	Subcarrier spacing
	15KHz

	CP type
	Normal

	eNB antenna configuration
	8T

	UE antenna configuration
	2T/2R

	Channel model
	EPA

	SRS periodicity 
	5ms

	SRS process delay
	1ms

	Rank 
	Fixed, rank=1

	MCS
	AMC with Olla

	Feedback assumption
	PUSCH 1-2

	UE speed
	3km/h




Appendix B

Table 2 Simulation parameters for system level simulation
	Parameters
	Values

	Duplex mode 
	TDD

	Carrier frequency 
	3.5GHz

	Simulation bandwidth
	10MHz

	Channel model
	3GPP UMa; 3GPP UMi

	BS Tx power 
	46dBm; 

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (4, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	7 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor
20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	SRS configurations
	Frequency hopping with 12 RB subband;
Case1: one symbols in a subframe for SRS, 5ms period;
Case2: all symbols in a slot for SRS, 5ms period;
Case3: all symbols in a subframe for SRS, 10ms period;

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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