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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on additional SRS symbols for LTE [2-14] are summarized. Some suggested proposals are also provided. 
[bookmark: _Ref129681832]WID objectives and previous agreements
At RAN#80 meeting, the following objectives were agreed for enhancement in LTE Rel-16 [1], with the objective for additional SRS symbols highlighted.
The work item aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.
· 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 
· Specify higher layer support of enhancements listed above [RAN2]
· Specify RF requirement of UE for the enhancements listed above [RAN4]

At RAN1#94 meeting, the following agreements were achieved:
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
· 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

Conclusion
For link level evaluation, companies are encouraged to submit evaluations results based on following assumptions as a starting point, which is to be checked in next RAN1 meeting. 
	​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	20 MHz​ ( or 10MHz)

	Duplex​
	TDD, LTE Configuration 2 

	Subcarrier spacing​
	15 kHz​

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

	Macro eNB antenna array
	 with vertical spacing  and horizontal spacing 

	Macro eNB antenna element model​ (only applicable to CDL and other details FFS)
	Elevation beamwidth = 65º​

	
	Azimuth beamwidth = 65º​

	UE Speed​
	3km/h, 30km/h, 60km/h​

	UE antenna
	2 receive antennas
Isotropic (0 dBi) ​

	CP
	Normal CP



Summary
SRS resources in a cell
For SRS resources in a cell, considering the three options we achieved in last meeting, the views of companies are summarized as below
· Option 1: All symbols in one slot can be used for SRS from cell perspective
· Support: HW, HiSilicon, LGE, Lenovo, Moto (only the second slot), MTK, Intel (for TDD), Mitsubishi, QC
· Option 2: All symbols in one subframe can be used for SRS from cell perspective
· Support: HW, HiSilicon (if both slots are configured), ZTE, Vivo, Lenovo, Moto, Intel, Ericsson, 
· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective
· Support: Intel (subslot for FDD), QC
· Other options:
· The last symbols of both slots: Lenovo, Moto

Based on the inputs, companies have diverse views on the SRS resource allocations for a cell. Therefore, we made following proposal:
Observation 1: Further study on the SRS resources in one UL subframe/slot for a cell based on following aspects:
· Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact
· UE complexity
· RF impact

UE specific SRS configuration and transmission
Periodic and aperiodic
The views of companies are summarized as below:
· Aperiodic
· Support: HW, HiSilicon, ZTE, Vivo, Ericsson, QC
· Periodic: 
· Support: HW, HiSilicon, 
· Not support: ZTE, 
· FFS: Ericsson, QC
Based on the inputs, all inputting companies agree to support aperiodic SRS for additional SRS. Few companies have input for periodic SRS, and have diverse views. Based on the inputs, the following is made:
Proposal 1: Aperiodic SRS triggering for additional SRS is supported. FFS on periodic SRS triggering for additional SRS.

Frequency hopping for additional SRS
The views of companies are summarized in following table
For the frequency hopping between additional SRS symbols:
· Support: HW, HiSilicon, Lenovo, Moto (Inter-subframe, inter-slot and intra-subframe), Vivo, 
· Not support: 
Five companies propose to support frequency hopping. With majority view, the following is proposed:
Proposal 2: Frequency hopping for additional SRS is supported.

Repetition for additional SRS
The views of companies are summarized as below
Repetition of the same SRS symbol for additional SRS symbols:
· Support: HW, HiSilicon, MTK, QC
· Not support: 
· Further evaluation: Ericsson
Four companies propose to support repetition of SRS, and one company (Ericsson) proposed to evaluate between frequency hopping and repetition based patterns. Based on majority view, the following is proposed:
[bookmark: _GoBack]Proposal 3: Repetition for additional SRS is supported.

Antenna switching for additional SRS
The views of companies are summarized as below:
Antenna switching for additional SRS symbols:
· Support: HW, HiSilicon (with guard period of 1 symbol), Lenovo, Moto, Vivo, QC
· Not support: 
Six companies proposed to consider the antenna switching, therefore, the following is proposed:
Proposal 4: Antenna switching for additional SRS symbols is supported. 

Configuration
The views of companies are summarized as below
On the configuration of additional SRS and legacy SRS:
· Separately: LGE, QC, 
· Jointly: 
The two input companies agree that the additional SRS and legacy SRS are separately configured, therefore, the following proposal is made for discussion:
Observation 2: Invite companies to provide analysis on whether the additional SRS and legacy SRS are separately configured to a UE.

UCI and UL-SCH transmission
The views of companies are summarized in following table
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	Proposal 6:  Support PUSCH/PUCCH rate matching around SRS slots.

	ZTE
	Proposal 2: PUSCH rate matching should not be changed due to additional SRS symbols for LTE Rel-16 UE.

	LGE
	Proposal 4: PUSCH rate matching behaviour is extended considering both legacy and Rel-16 cell-specific SRS regions together on a given scheduled UL subframe.


	MTK
	Proposal 5: Scheduling restriction of shortened PUSCH carrying UCI  due to rate matching in subframes with SRS is FFS



Companies have diverse opinions on how to transmit UCI or UL-SCH data, therefore, the following is proposed:
Observation 3: Invite companies to provide analysis on how to transmit UCI or UL-SCH data when configured with additional SRS symbols.
Performance evaluation
The views and observations are summarized as below:
	Sourcing
	Related proposals/comments

	Huawei, HiSilicon
	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 
· 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


	LGE
	Observation 3: It is observed by LLS results that 2 or 4 symbol enhanced SRS allocation for a UE seems sufficient to get performance improvement especially for coverage enhancement aspects.


	Ericsson
	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.


	QC
	Observation1: Link-level simulation is sufficient to decide possible time location of additional SRS symbols.
 Observation2: 
· The 2, 4, 7 and 14-symbol SRS repetitions achieve SNR gain up to around 2dB, 3.5dB, 4.5dB, and 5dB, respectively relative to single SRS.
· Gain is getting saturated for more than 7 SRS symbols.



Based on the evaluations and observations, the following can be observed:
Observation 4: Frequency hopping or repetition of 2/4 SRS symbols can bring gain for downlink performance.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the inputs are summarized and following proposals are made based on the inputs:
Observation 1: Further study on the SRS resources in one UL subframe/slot for a cell based on following aspects:
· Performance (eg, DL performance improvement, degradation on UL performance including legacy UL for legacy UEs)
· Specification impact
· UE complexity
· RF impact
Observation 2: Invite companies to provide analysis on whether the additional SRS and legacy SRS are separately configured to a UE.
Observation 3: Invite companies to provide analysis on how to transmit UCI or UL-SCH data when configured with additional SRS symbols.
Observation 4: Frequency hopping or repetition of 2/4 SRS symbols can bring gain for downlink performance.

Proposal 1: Aperiodic SRS triggering for additional SRS is supported. FFS on periodic SRS triggering for additional SRS.
Proposal 2: Frequency hopping for additional SRS is supported.
Proposal 3: Repetition for additional SRS is supported.
Proposal 4: Antenna switching for additional SRS symbols is supported. 
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