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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-bis meeting [2], the following agreements regarding additional SRS symbols were made:
	Agreement

Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell is down-selected from following options (down-selection to be made in RAN1#95):
-   Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
-   Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
-   FFS whether cell-specific configuration of SRS resources in slot-level granularity is required or not

Agreement
For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission is down-selected from following options
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
-   FFS the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE.


In this contribution, we discuss the enhancements on SRS including multi symbol common/dedicated SRS allocation on the normal subframe.
2. Discussions
2.1. Additional SRS configuration
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 should be to configure only the second slot (7 OFDM symbols) of a subframe as Rel-16 cell-specific SRS region. For TDD configurations having minimal UL resource (i.e. TDD configuration 2 or 5), one subframe granularity of Rel-16 cell-specific SRS can cause significant impact on resource allocation for UL data transmission as well as HARQ transmission resource and related behaviour which may result in unavoidable DL performance degradation. Therefore, our view is that 1-slot granularity should be sufficient for this WI since it is indeed a significant improvement over the existing LTE specification for normal UL subframe.
Proposal 1: Introduce separate RRC signalling for Rel-16 cell-specific SRS subframe configuration.

Proposal 2: 1-slot granularity is sufficient for Rel-16 cell-specific SRS subframe configuration as enhancement on normal UL 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. 
2.2. Issues on periodic SRS transmission
As agreed in RAN1 #94-bis meeting, aperiodic SRS transmission for additional SRS symbol(s) is supported. AP-SRS is clearly useful in several aspects. For DL data transmission in a TDD configuration, eNB can acquire DL channel state information with triggering AP-SRS whenever necessary to schedule DL data in both CA scenario and non-CA scenario. Furthermore, regarding coexistence of Rel-16 SRS and legacy SRS, supporting AP-SRS for additional SRS can ensure flexibility in scheduling of enhanced SRS and legacy SRS to avoid possible collisions. However, issues and relation to legacy periodic SRS should be carefully investigated in that periodic SRS cannot be dynamically controlled by eNB. Potential issues to be discussed are whether periodic SRS transmission for additional SRS symbol(s) is supported or not, collision handling between enhanced AP-SRS and legacy periodic SRS, and deactivation of legacy periodic SRS by enhanced AP-SRS triggering to efficiently control redundant RS overhead if necessary.
Proposal 6: Collision handling and RS overhead control for Rel-16 AP-SRS and legacy SRS should be further investigated taking into account resource utilization efficiency. 
3. 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: 1-slot granularity is sufficient for Rel-16 cell-specific SRS subframe configuration as enhancement on normal UL 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: Collision handling and RS overhead control for Rel-16 AP-SRS and legacy SRS should be further investigated taking into account resource utilization efficiency. 
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