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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
· 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 this paper, we provide our views on the design considerations for multi-symbol SRS enhancements in this work-item.  Additionally, we provide some preliminary simulation results related to multi-symbol SRS. 

Discussion
Periodic vs Aperiodic multi-symbol SRS





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.  As defined in clause 8.2 of [3], each UE is configured with UE-specifically configured SRS transmission periodicity  and offset  (note that different pairs of SRS transmission periodicity and offset are defined for periodic SRS and aperiodic SRS).  The subframes in which each UE transmits SRS are limited to the cell-specifically defined subframe configuration.
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.  This could result in UL throughput reduction for legacy UEs depending on how often multi-symbol SRS transmissions are performed.
Now, 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.
From the discussion above, 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.

Subframe vs slot-based multi-symbol SRS
As mentioned above, it will be difficult to schedule PUSCH for legacy UEs without sTTI capability in the subframes with multi-symbol SRS transmissions.  If the multi-symbol SRS transmissions are limited to one slot (recall from the WID that the minimum SRS resource allocation granularity for a cell is 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.

[bookmark: _Toc521701732]Subframe based multi-symbol SRS should be prioritized over slot based multi-symbol SRS 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.

[bookmark: _Toc521701733]Performance of multi-symbol SRS patterns including frequency-hopping and repetition-based patterns should be evaluated in reciprocity-based operation with DL throughput as metric.


On antenna switching
In current LTE specifications [3], antenna switching for SRS is supported for 1T2R, 1T4R, and 2T4R where the switching happens in different subframes.  However, with the introduction of multi-symbol SRS in a normal UL subframe, there comes a possibility to perform SRS antenna switching within one normal UL subframe.  For instance, with 8 symbols within a normal UL subframe, it is possible to perform a 4-port SRS antenna switching within a normal UL subframe.  However, whether 8-port SRS antenna switching is beneficial needs to be further evaluated.

[bookmark: _Toc521701734]Consider 2-port and 4-port SRS antenna switching within a normal UL subframe.

Simulation Results
In this section, we provide some preliminary evaluations comparing the 2-symbol SRS patterns shown in Figure 1.  The evaluation assumptions for our 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.
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	(a) LTE baseline
	(b) 2 frequency hops
	(c) 2 repetitions


[bookmark: _Ref521533594]Figure 1: An illustration of two alternative 2-symbol SRS patterns compared to the 1-symbol SRS 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 frequency hopping pattern of Figure 1b and the 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 2dB is achieved by the frequency hopping and repetition-based patterns over the LTE baseline.
The reason for the similar performance gain of the frequency hopping and repetition-based patterns can be explained as follows.  In the frequency hopping pattern of Figure 1b, it is possible to achieve a power boosting of 3dB for SRS as the UE only transmits in half of the SRS bandwidth in each symbol.  In the case of the repetition-based pattern of Figure 1c, a processing gain of 3dB is attained as we have combined the channel estimates from the two symbols.  As a result, these two patterns achieve similar performance.
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[bookmark: _Ref521536746]Figure 2: DL throughput comparison of the SRS patterns illustrated in Figure 1.


Conclusion
In this paper, we provided our views on the design considerations for multi-symbol SRS enhancements in this work-item.  Additionally, we provided some preliminary simulation results related to multi-symbol SRS. Based on the discussion in Section 2, we make the following proposals:

Proposal 1	At least aperiodic multi-symbol SRS enhancements should be specified in Rel-16.
Proposal 2	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.
Proposal 3	Subframe based multi-symbol SRS should be prioritized over slot based multi-symbol SRS in Rel-16.
Proposal 4	Performance of multi-symbol SRS patterns including frequency-hopping and repetition-based patterns should be evaluated in reciprocity-based operation with DL throughput as metric.
Proposal 5	Consider 2-port and 4-port SRS antenna switching within a normal UL subframe.
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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])​ 

	Subcarrier spacing​
	15 kHz​

	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) ​
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