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Introduction
In RAN1#94b, the following agreements were made regarding virtual cell ID and additional SRS symbols for LTE MIMO[1].

	Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).


R1-1811734	Outcome of offline discussion for additional SRS symbols for LTE	Huawei, HiSilicon

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



In this proposal, we propose configuration of SRS symbols and locations of additional symbols.

The number of SRS symbols and their locations
In RAN1#94b, discussions took place to decide granularity at which additional symbols are inserted in a subframe. In Figure 1, as in the current LTE specification [2], SRS is placed in the last symbol of the subframe.
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[bookmark: _Ref521343025]Figure 1 Location of SRS in a subframe in the current LTE specification

For Rel. 16 LTE, to minimize impact on legacy SRS, cell-specific SRS subframes will be allocated to avoid collision between pre-Rel. 16 LTE subframes which contain SRS. The reason for having a specific subframe dedicated for Rel. 16 is to allow some degrees of freedom in configurations of new additional SRS symbols. 
If Rel. 16 SRS and pre-Rel. 16 SRS are allowed to coexist, collision mechanism or configuration of SRS must be carefully designed, which may impact flexibility of Rel. 16 SRS and introduce additional specification impact. Furthermore, since the current LTE subframes are scheduled to avoid inter-UE collision between SRS and control channels, the current framework can be maintained by additional cell-specifically configured Rel. 16 SRS subframe.
Considering short TTI, slot level insertion provide more opportunities for SRS insertion, improving reciprocity operation for short TTI. Furthermore, by dedicating an entire slot for SRS insertion, degrees of freedom for inserting SRSs for UEs increase. In Figure 2, placement of SRS in scheduling units can be implemented at slot-level granularity.


 
[bookmark: _Ref521343218]Figure 2 Location of SRS symbols with slot-level granularity
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[bookmark: _Ref524025357]Figure 3 Placement of slot-level SRS and short TTI

Option 2 allows SRS placement in any symbols in a subframe. In our view, Option 2 provides more flexibility than Option 1 which limits allocation of SRS to only one slot in a subframe. To improve reciprocity operation, back-to-back slot based SRS transmission may be needed. 

For example, configurations shown in Figure 3 can be realized with slot-level SRS insertion: two consecutive short TTIs are followed by two consecutive SRS slots. However, it is also important to note that it is not necessary to simultaneously configure both slots for SRS transmission. If short TTI with data needs to be multiplexed, only one of the slots in a subframe can be used for SRS transmission. To provide flexibility in SRS symbol placement, Option 2, in which all symbols in a subframe are available for SRS placement, is more suitable.

Proposal 1 : Support Option 2, “All symbols in one subframe can be used for SRS from cell perspective”

Furthermore, we propose to have slot-level granularity.

Proposal 2 : cell-specific configuration of SRS resources in slot-level granularity

Finally, we make the following two proposals

Proposal 3 : Both slots in a subframe can be used for SRS transmission

Proposal 4 : In the configured SRS slot, at least the last symbol can be used.

In RAN1#94b, aperiodic transmission of the additional SRS symbols was supported. Considering spectrum efficiency, whether periodic transmission should be supported or not should depend on the maximum number of additional SRS symbols that can be transmitted.

Observation 1 : Whether periodic SRS transmission for Rel. 16 SRS can be supported or not depends on the maximum number of SRS symbols in a subframe/slot

Conclusion 
In this contribution, we introduced the following proposals and an sobservation for SRS designs:

Proposal 1 : Support Option 2, “All symbols in one subframe can be used for SRS from cell perspective”

Proposal 2 : cell-specific configuration of SRS resources in slot-level granularity

Proposal 3 : Both slots in a subframe can be used for SRS transmission

Proposal 4 : In the configured SRS slot, at least the last symbol can be used.

Observation 1 : Whether periodic SRS transmission for Rel. 16 SRS can be supported or not depends on the maximum number of SRS symbols in a subframe/slot
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