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1. Introduction
The approved WID [1] includes DL MIMO efficiency enhancements for LTE, and main target of the enhancements is to enhance SRS coverage and capacity. As captured in WID objectives, additional SRS resource allocation regions need to be introduced, including more than one symbol for one UE or for multiple UEs on a normal UL subframe.
In RAN1 #94 meeting [2], the following agreements regarding additional SRS symbols 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

· 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

(M, N, P) = (2, 4, 2) with vertical spacing 0.8( and horizontal spacing 0.5(
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




In this contribution, we discuss the enhancements on SRS including multi symbol common/dedicated SRS allocation on the normal subframe, and provide some link level evaluation results.
2. Discussions
In previous releases, SRS has been enhanced with multi symbol SRS configuration only for the special subframe. The additional UpPTS symbols for SRS transmission was introduced in Release 13 SRS enhancement for EB/FD-MIMO, and it is indicated to the UE with the higher layer parameter either additional 2 symbols or 4 symbols configuration. New RRC parameter values for additional UpPTS symbols are separately configured from the legacy SRS configurations.
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
Observation 2: Rel-13 additional SRS region can be configurable without any symbol-level overlaps to legacy SRS region.

For Rel-16 SRS enhancements, similar approach from previous releases can be applicable to multi symbol SRS configuration on the normal subframe. As captured in WID objectives, one slot granularity is a starting point of discussions for the minimum SRS resource allocation granularity for a cell, so that the baseline would be to configure only the second slot (7 OFDM symbols) of a subframe as Rel-16 cell-specific SRS region. However, it should also be considered to have one subframe granularity for the Rel-16 cell-specific SRS region for more simplified system design avoiding other relevant issues, e.g., 1-slot PUSCH/PUCCH, and so on.
Proposal 1: Introduce separate RRC signalling for Rel-16 cell-specific SRS subframe configuration.

Proposal 2: Symbol-level granularity of Rel-16 cell-specific SRS subframe should be determined as either 1-slot or 1-subframe.
Although such Rel-16 cell-specific SRS region can have 1-slot or 1-subframe granularity on a given subframe, the issue whether it can span up to the last symbol or not should be carefully investigated, considering Rel-13 additional SRS symbols do not span up to the legacy UpPTS region. Excluding the last symbol in all cases may simplify the system design and avoid any potential co-existence issues, since legacy cell-specific SRS region would be protected as in the existing LTE system considering inter-cell interference randomization aspect as well. 
Proposal 3: Potential impacts of Rel-16 cell-specific SRS when overlapped with legacy SRS in the last symbol should be carefully investigated, especially taking into account inter-cell interference.
In the last RAN #81 meeting, it is discussed whether enhancement on PUCCH and PUSCH is included in the WID scope or not. To protect Rel-16 cell-specific SRS region, we think at least PUSCH rate matching behaviour seems needed to be considered for necessary enhancements on PUCCH and PUSCH in the WID scope, where PUSCH can be rate matched considering both legacy and Rel-16 cell-specific SRS regions together. For example, PUSCH scheduled on a subframe belonging to only the legacy cell-specific subframe configuration can be rate-matched around only the last symbol. But, PUSCH scheduled on a subframe belonging to only the Rel-16 cell-specific subframe configuration can be rate-matched around the second slot, if 1-slot granularity is assumed. In this case, the scheduled PUSCH may follow a ‘slot-PUSCH’ format while the scheduled PUSCH in the former case span the whole subframe except the last symbol. In case of PUCCH transmission in Rel-16, similar approach mentioned above can also be considered. For example, when Rel-16 cell-specific SRS region occupies the second slot, PUCCH can be transmitted using only the first slot in the form of ‘slot-SPUCCH’. 
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.

Regarding UE-specific SRS configuration, new set of RRC parameter values for Rel-16 UE-specific SRS can be configured separately from the legacy UE-specific SRS. In consideration of cell-edge UE, for example, SRS repetition spanned from the last symbol of subframe to multiple symbols can be considered. Specifically, if enhanced cell-specific SRS region is to be the second slot of subframe, eNB can configure UE-specific multi symbol SRS from the last symbol of the slot and indicate starting symbol index and the number of SRS symbols to be transmitted for resource utilization flexibility. It has advantage that the new UE-specific SRS can avoid legacy UE-specific SRS on the same subframe with such time domain resource multiplexing.
Proposal 5: Rel-16 UE-specific SRS can be configured to be time-domain multiplexed with legacy SRS region for better resource utilization flexibility. 
As discussed above, Rel-16 UE-specific SRS can be more flexibly configured to UE in a symbol-level and in a time-domain multiplexing manner, so that possible PUCCH/PUSCH transmissions scheduled on the same subframe may be more efficiently allocated in Rel-16. For example, it seems beneficial to consider PUSCH RE allocation can be rate-matched around only actual UE-specific SRS symbols regardless of cell-specific SRS region, in order not to have always a huge restriction on potential PUSCH region since Rel-16 cell-specific SRS region may span at least 1 slot. But, this operation should be controlled dynamically by eNB indication, where eNB would indicate this operation for that UE, for example, when no SRS transmissions from other UEs are allocated in the cell.
Proposal 6: Study further impacts on UL throughput degradation due to introducing Rel-16 cell-specific SRS, e.g., 1 slot granularity, and consider enhancements on efficient UL resource allocation.

3. Simulation results

In this section, we provide link level evaluation results regarding the multi symbol SRS. Based on RAN1 #94 meeting’s conclusion, link level evaluation assumptions are described in section 6. For RI/CQI/PMI feedback process, precoded CSI-RS transmission exploiting DL/UL reciprocity based SRS to determine DL precoder is considered. The DL throughput results are presented in Figure 1, which includes DL throughputs for different values (0 dB, -6 dB) of SRS SINR with dynamic MCS operation. Additionally, Figure 2 shows FER for different modulation (QPSK, 16QAM, 64QAM) also with different values of SRS SINR. 
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Figure 1 Link level simulation result 1
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Figure 2 Link level simulation result 2
In Figure 1, we can observe approximately 0.5 dB gain from -6 dB SRS SINR to 0 dB SRS SINR, where the 6 dB SRS SINR gap can be interpreted as 4 symbol enhanced SRS allocation compared to a baseline single symbol SRS. In Figure 2 FER result, on fixed MCS cases, there is above 1 dB gain between -6 dB SRS SINR and 0 dB SRS SINR. Based on observing these LLS results, we may interpret that 2 or 4 symbol (within 1-slot granularity) enhanced SRS allocation seems sufficient to get performance improvement especially for coverage enhancement aspects.
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.
4. Conclusion

In this contribution, we have discussion on the enhancements on SRS, and provided observations and proposals as follows:
Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
Observation 2: Rel-13 additional SRS region can be configurable without any symbol-level overlaps to legacy SRS region.

Proposal 1: Introduce separate RRC signalling for Rel-16 cell-specific SRS subframe configuration.

Proposal 2: Symbol-level granularity of Rel-16 cell-specific SRS subframe should be determined as either 1-slot or 1-subframe. 

Proposal 3: Potential impacts of Rel-16 cell-specific SRS when overlapped with legacy SRS in the last symbol should be carefully investigated, especially taking into account inter-cell interference.
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.

Proposal 5: Rel-16 UE-specific SRS can be configured to be time-domain multiplexed with legacy SRS region for better resource utilization flexibility. 
Proposal 6: Study further impacts on UL throughput degradation due to introducing Rel-16 cell-specific SRS, e.g., 1 slot granularity, and consider enhancements on efficient UL resource allocation.

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.
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6. Link level evaluation assumptions
Table 1 Simulation assumptions

	​Parameter
	Value

	Carrier frequency​
	2 GHz​

	Bandwidth​
	10 MHz​

	Duplex​
	TDD, LTE Configuration 2 

	Subcarrier spacing​
	15 kHz​

	Channel model
	CDL-A

	Polarization​
	eNB: X pole (+/-45°)​

	Macro eNB antenna array
	(M, N, P) = (2, 4, 2) with antenna spacing 0.5(

	UE Speed​
	3 km/h​

	UE antenna
	1 receive antennas

Isotropic (0 dBi) ​

	CP
	Normal CP
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