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Introduction
In the WID on DL MIMO efficiency enhancements on LTE [1], one of the objectives is to introduce multi-symbol SRS for one or multiple UEs on a UL normal subframe. 

· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· [bookmark: _GoBack]Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 

In RAN1#94, the following agreements were made:

Agreement
The work for additional SRS symbols in this WI should consider the following scenarios
· TDD for non-CA
· TDD only CA
· FDD-TDD CA
RAN1 will strive for a common framework for all scenarios 

Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell include the following 
· 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
· [bookmark: _Hlk525594836]FFS whether it has spec impacts or not for cell-specific configuration
· 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 this paper, we provide our views on the design considerations for multi-symbol SRS enhancements in this work-item.  Additionally, we provide simulation results related to multi-symbol SRS options listed in the agreement above. 

Discussion
On cell-specific SRS configuration



One of the FFS items from RAN1#94 is whether the introduction of additional SRS symbol in a normal UL subframe has specification impact on cell-specific SRS configuration.  In current LTE specifications, the SRS subframe configuration is configured cell-specifically and is given by periodicity  and subframe offset , as defined in clause 5.5.3.3 of [2].  An SRS subframe is a subframe that satisfies .  The reason for configuring SRS subframe configuration in a cell-specific manner is to avoid collisions between SRS and PUSCH transmissions from different UEs in the same cell.  Given that SRS transmissions in current LTE specifications are limited to the last OFDM symbol of the subframe, all UEs in the cell can avoid PUSCH transmission in the last OFDM symbol of the cell-specifically configured SRS subframes.
When multi-symbol SRS enhancements are introduced in Rel-16, the issue of collision between multi-symbol SRS transmissions from Rel-16 UEs and PUSCH transmission from legacy UEs (except for Rel-15 UEs with sTTI capability) needs to be carefully considered.  Since it will be difficult to schedule PUSCH for legacy UEs (i.e., UEs without sTTI capability) in the subframes with multi-symbol SRS transmissions, the simplest way is to avoid scheduling the PUSCH for legacy UEs in such subframes.  If the multi-symbol SRS transmissions are limited to one slot, Rel-15 UEs with sTTI capability can still be scheduled in the other slot.  However, given most existing UEs in current deployments are not capable of sTTI, one slot in a normal subframe will be wasted if multi-symbol SRS is only transmitted in one slot.  Hence, it is better to prioritize full subframe based multi-symbol SRS over slot based multi-symbol SRS.  With the whole subframe duration allocated to multi-symbol SRS, multiple Rel-16 UEs can be sounded in the same subframe.  With the whole subframe duration allocated to multi-symbol SRS, collisions between SRS and PUSCH transmissions from different UEs in the same cell is already avoided.  Hence, cell-specific SRS configuration does not need to be modified.

Observation 1	If the whole subframe duration is allocated to multi-symbol SRS, collisions between SRS and PUSCH transmissions from different UEs in the same cell is already avoided, and cell-specific SRS configuration does not need to be modified.

A whole subframe is allocated for multi-symbol SRS, and cell-specific SRS configuration is not modified in Rel-16.

Aperiodic vs Periodic multi-symbol SRS
Considering periodic multi-symbol SRS transmissions, the extent of UL throughput loss for legacy UEs depends on the periodicity of multi-symbol SRS transmissions.  A longer periodicity for multi-symbol SRS transmissions means that the UL channel is sounded less frequently, and the possibility of the estimated channel being outdated which may impact performance of Rel-16 UEs supporting multi-symbol SRS enhancement.  A longer periodicity for multi-symbol SRS transmission would translate to lower impact on UL throughput of legacy UEs.  On the other hand, a shorter periodicity for multi-symbol SRS transmissions would lead to more accurate channel estimation for Rel-16 UEs at the expense of higher impact on the UL throughput of legacy UEs.  Hence, if periodic multi-symbol SRS enhancement is to be specified in Rel-16, the trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs should first be carefully studied via evaluations.
With aperiodic multi-symbol SRS transmissions, the UL throughput impact on legacy UEs can be controlled as the eNB scheduler can trigger multi-symbol SRS transmissions from Rel-16 UEs in a way such that the UL throughput impact on legacy UEs is minimized.  Hence, we make the following proposals:

[bookmark: _Toc521701730]At least aperiodic multi-symbol SRS enhancements should be specified in Rel-16.
[bookmark: _Toc521701731]The trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs should first be carefully evaluated before specifying periodic multi-symbol SRS enhancements in Rel-16.

Frequency-hopping vs repetition-based patterns
As given in the WID [1], the scope of the work-item includes both multi-symbol SRS for one UE or for multiple UEs on a normal subframe.  Frequency-hopping SRS over different symbols within the subframe and repetition of SRS over different symbols with the subframe are two alternative ways to transmit multi-symbol SRS from one UE.  Since DL MIMO efficiency enhancements is one of the primary focuses of this work-item, the multi-symbol SRS patterns should be evaluated with focus on reciprocity-based operation.  In Sections 3 and 4, we provide evaluation results comparing the performance of various frequency-hopping and repetition-based SRS patterns.

Link level simulation results
In this section, we provide link level evaluations comparing different multi-symbol SRS patterns.  The evaluation assumptions for the link-level results are summarized in Section 6.  The results assume downlink precoding using reciprocity based on the UL channel estimated via the different SRS patterns.  It is assumed that the UE feeds back wideband CQI and RI.

Comparison of frequency-hopping vs repetition patterns
We first compare the link level performance of the 2-symbol SRS patterns shown in Figure 1 to the LTE baseline.  The downlink throughput results are shown in Figure 2.  The figure compares the performance of the three patterns shown in Figure 1 along with the LTE baseline performance with genie channel estimation.  It can be seen that in the lower SNR range, both the 2-symbol frequency hopping pattern of Figure 1b and the 2-symbol repetition-based pattern of Figure 1c perform similarly and provide notable gains over the LTE baseline.  Specifically, at 5-percentile of the maximum throughput (roughly around a throughput value of 8.5 Mbps), an SNR gain of around 1.75 dB is achieved by the frequency hopping and repetition-based patterns over the LTE baseline.

Observation 2	In the lower SNR range, both the 2-symbol frequency-hopping SRS pattern and the 2-symbol SRS repetition pattern achieve around 1.75 dB SNR gain over the single symbol SRS baseline.
	[image: A close up of a logo

Description generated with very high confidence]
	[image: A close up of a logo

Description generated with very high confidence]
	[image: ]

	(a) LTE baseline
	(b) 2 frequency hops
	(c) 2 repetitions


[bookmark: _Ref525656649]Figure 1: 2-symbol SRS patterns with frequency hopping and repetition compared to the LTE baseline

[image: ]
Figure 2: DL throughput comparison of the SRS patterns illustrated in Figure 1.

Comparison of 2-symbol vs 4-symbol frequency-hopping patterns
We next compare the link level performance of two different frequency-hopping patterns (one with 2 symbol hopping and the other with 4 symbol hopping) as shown in Figure 3.  The downlink throughput results are shown in Figure 4.  In the lower SNR range, the 4-symbol frequency hopping pattern of Figure 3c provides additional SNR gain compared to the 2-symbol frequency hopping pattern of Figure 3b.  At 5-percentile of the maximum throughput, the 2-symbol and 4-symbol frequency hopping patterns achieve SNR gains of 1.75 dB and 2.75 dB respectively over the LTE baseline.

Observation 3	In the lower SNR range, the 2-symbol and 4-symbol frequency hopping SRS patterns achieve SNR gains of 1.75 dB and 2.75 dB respectively over the single symbol SRS baseline.
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	(a) LTE baseline
	(b) 2 frequency hops
	(c) 4 frequency hops


[bookmark: _Ref525681719]Figure 3: 2-symbol and 4-symbol SRS patterns with frequency hopping compared to the LTE baseline
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[bookmark: _Ref521536746]Figure 4: DL throughput comparison of the SRS patterns illustrated in Figure 3.

Comparison of 2-symbol vs 7-symbol repetition patterns
The link level performance of two different repetition patterns (one with 2-symbol repetition and the other with 7 symbol repetition) as shown in Figure 5.  The downlink throughput results are shown in Figure 6.  In the lower SNR range, the 7-symbol repetition pattern of Figure 5c provides additional SNR gain compared to the 2-symbol repetition pattern of Figure 5b.  At 5-percentile of the maximum throughput, the 2-symbol and 7-symbol repetition patterns achieve SNR gains of 1.75 dB and 3.95 dB respectively over the LTE baseline.

Observation 4	In the lower SNR range, the 2-symbol and 7-symbol SRS repetition patterns achieve SNR gains of 1.75 dB and 3.95 dB respectively over the single symbol SRS baseline.
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	(a) LTE baseline
	(b) 2 repetitions
	(c) 7 repetitions


[bookmark: _Ref525686904]Figure 5: 2-symbol and 7-symbol SRS patterns with repetition compared to the LTE baseline
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[bookmark: _Ref525687144]Figure 6: DL throughput comparison of the SRS patterns illustrated in Figure 5.


System level simulation results
In this section, we provide system level performance of three different repetition patterns.  2-symbol, 4-symbol, and 7-symbol repetition patterns are compared to the LTE baseline.  The results presented in Table 1 are for reciprocity-based MU-MIMO using the evaluation assumptions outlined in Section 8.

From these results, good system level throughput gains are observed over the LTE-baseline.  For instance, up to 50% cell-edge throughput gain and 20% mean throughput gain are observed with 4-symbol SRS repetition pattern.  It is also observed that the additional gain when going from 4-symbol SRS repetition pattern to 7-symbol SRS repetition pattern is quite marginal.  It should be kept in mind that these are the upper bound gains as we added 3dB, 6dB, and 8.5dB processing gains when evaluating the 2-symbol, 4-symbol, and 7-symbol repetition patterns in the SRS impairment model discussed in [4].  Hence, in practice, the gains are likely to be smaller than this.

Observation 5	At 50% RU, the 4-symbol SRS repetition pattern achieves upper bound system level throughput gains of 50% (cell-edge) and 20% (mean) over the LTE baseline.

Observation 6	At 50% RU, the 4-symbol SRS repetition pattern achieves upper bound system level throughput gains of 50% (cell-edge) and 20% (mean) over the LTE baseline.

[bookmark: _Ref525900150]Table 1. System level evaluation results for different SRS patterns with repetition compared to the LTE baseline at 50% RU
	Scheme
	Cell-edge Throughput Gain
	Mean Throughput Gain

	LTE Baseline
	0%
	0%

	2-symbol SRS repetition
	36%
	14%

	4-symbol SRS repetition
	50%
	20%

	7-symbol SRS repetition
	60%
	23%



Conclusion
In this paper, we provide our views on the design considerations for multi-symbol SRS enhancements in this work-item.  Additionally, we provide simulation results related to multi-symbol SRS options.  Based on these, we make the following observations and proposals:

Observation 1	If the whole subframe duration is allocated to multi-symbol SRS, collisions between SRS and PUSCH transmissions from different UEs in the same cell is already avoided, and cell-specific SRS configuration does not need to be modified.
Observation 2	In the lower SNR range, both the 2-symbol frequency-hopping SRS pattern and the 2-symbol SRS repetition pattern achieve around 1.75 dB SNR gain over the single symbol SRS baseline.
Observation 3	In the lower SNR range, the 2-symbol and 4-symbol frequency hopping SRS patterns achieve SNR gains of 1.75 dB and 2.75 dB respectively over the single symbol SRS baseline.
Observation 4	In the lower SNR range, the 2-symbol and 7-symbol SRS repetition patterns achieve SNR gains of 1.75 dB and 3.95 dB respectively over the single symbol SRS baseline.
Observation 5	At 50% RU, the 4-symbol SRS repetition pattern achieves upper bound system level throughput gains of 50% (cell-edge) and 20% (mean) over the LTE baseline.
Observation 6	At 50% RU, the 4-symbol SRS repetition pattern achieves upper bound system level throughput gains of 50% (cell-edge) and 20% (mean) over the LTE baseline.


Proposal 1	A whole subframe is allocated for multi-symbol SRS, and cell-specific SRS configuration is not modified in Rel-16
Proposal 2		At least aperiodic multi-symbol SRS enhancements should be specified in Rel-16.
Proposal 3		The trade-off between channel sounding accuracy from multi-symbol SRS transmissions of Rel-16 UEs and UL throughput impact on legacy UEs should first be carefully evaluated before specifying periodic multi-symbol SRS enhancements in Rel-16.
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Link level evaluation assumptions
	 ​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	20 MHz -> 96 PRB SRS BW​

	Duplex​
	TDD, LTE Configuration 2 (DL-to-UL ratio = 4, [U D D D D])​ 

	TX Scenario​
	Single-User​

	Channel model​
	CDL-A : 100ns delay spread ​

	SRS​
	Periodicity: 5ms​;  
Process delay: 1ms​

	CSI​
	Precoded CSI-RS: Full-rank reciprocity-based wideband SVD​
Periodicity : 20ms​
CQI, RI: Wideband​
Feedback delay: 4ms​

	DL Precoding ​
	Reciprocity-based wideband SVD, following feedback RI​

	Polarization​
	BS: X pole (+/-45° )​
UE: + pol (0/90°)​

	Macro BS antenna element model​
	Elevation beamwidth = 65º​

	
	Azimuth beamwidth = 65º​

	Macro BS antenna Element spacing​
	Vertical = 0.8λ ; Horizontal = 0.5λ​

	Macro BS antenna size
	(M,N,P)=(2,4,2) -> 16 ports​

	UE Speed​
	3km/h​

	UE antenna size
	2Rx 2Tx (2 SRS ports)​

	UE antenna model​
	Isotropic (0 dBi) ​



System level evaluation assumptions
	​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	10 MHz

	Duplex​
	TDD, LTE Configuration 2

	TX scenario​
	Reciprocity-based MU-MIMO
Precoded CSI-RS is used

	Traffic model
	FTP model 1 with 500kB packet size

	Scheduler
	Proportional fair

	HARQ
	Maximum 5 retransmissions

	Receiver
	MMSE-IRC with impairments modeled

	Noise figure
	UE = 9dB

	Channel model​
	3D-UMa

	SRS​
	Periodicity: 5ms​;  
Process delay: 1ms​
Comb 4 with 2 users per comb.
SRS impairments modelled as outlined in [4]

	Overhead
	CRS and DMRS overheads included
3 OFDM symbol control region

	Outer loop link adaptation
	On

	Polarization​
	BS: X pole (+/-45° )​
UE: X pole (+/-45° )​

	Macro BS antenna element model​
	Elevation beamwidth = 65º​

	
	Azimuth beamwidth = 65º​

	Macro BS antenna Element spacing​
	Vertical = 0.8λ ; Horizontal = 0.5λ​

	Macro BS antenna size
	(M,N,P)=(2,4,2) -> 16 ports​

	UE Speed​
	3km/h​

	UE antenna size
	2Rx 2Tx (2 SRS ports)​

	UE antenna model​
	Isotropic (0 dBi) ​
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