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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 previous RAN1 meetings [2][3][4], 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.
Agreement

Both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols 

· FFS whether above is supported for periodic SRS in additional SRS symbols

Agreement

Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols.

· FFS: Whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured

· FFS: Whether the above is supported for periodic SRS in additional SRS symbols

Conclusion

The term additional SRS symbols are those further introduced in Rel-16, as indicated in the title of the AI “Additional SRS symbols”. The last symbol is not part of the additional SRS symbols.
Agreement

Both legacy SRS and additional SRS symbol(s) can be configured for the same UE.

· In case of legacy SRS is aperiodic, UE can transmit one of legacy SRS or additional SRS symbol(s) in the same subframe

· In case of legacy SRS is periodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same or different subframes

· FFS: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes 

· Including triggering mechanism
Agreement

For the numbers of additional SRS symbols that can be configured to a UE: 1-13 

For further study in future meetings:

For intra-subframe frequency hopping and repetition of additional SRS symbols

· For support of repetition and frequency hopping, 
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  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE
· FFS: Value of R, 
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· Applies for aperiodic SRS
· Consider whether legacy SRS and additional SRS symbols have the same hopping pattern.

· Consider whether flexible configuration (e.g., comb/comb offset configuration) is supported for repetition of additional SRS symbols.

· LTE Rel-15 framework for frequency hopping and antenna switching can be reused for supporting frequency hopping and antenna switching for additional SRS symbols with appropriate changes. FFS on the appropriate changes.
Agreement

For the time location of possible additional SRS symbols in one normal UL subframe for a cell:

· 1 to 13 symbols in one subframe can be used for SRS from cell perspective
· FFS: How/Whether to introduce specification support to handle collision of SRS and PUCCH/PUSCH transmission 
For further study in future meetings:

Further study on power control enhancements of additional SRS symbols (including whether these features are needed):

· Independent power control of additional SRS symbols from legacy SRS symbols

· Reuse of SRS power control for carriers without PUCCH/PUSCH

· Consider SRS configurations to reduce the range of power variations in a subframe

Agreement 

Same power control configuration applies for all additional SRS symbols configured to a single UE

Agreement

Transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE is supported


In this contribution, we discuss the enhancements on SRS including aperiodic SRS configuration and transmission, collision handling of SRS and the other uplink channels, and the number of additional SRS symbols regarding frequency hopping/repetition.
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.
For Rel-16 SRS enhancements, similar approach from previous releases can be applicable to multi symbol SRS configuration on the normal 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, which seems aligned to the recent agreement made in RAN1#96 on “For the numbers of additional SRS symbols that can be configured to a UE: 1-13”. For example, SRS repetition spanned from the second-last symbol of subframe to multiple symbols can be configured in consideration of cell-edge UE. Specifically, eNB can configure new UE-specific multi symbol SRS from the second-last symbol of the subframe and indicate starting symbol index and the number of SRS symbols to be transmitted for resource utilization flexibility.

Proposal 1: New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration.
Also should be noted is that there is another agreement made in RAN1#96 as “1 to 13 symbols in one subframe can be used for SRS from cell perspective”, which is about the cell-specific region of configurable SRS allocations for multiple UEs in a cell, i.e., maximum 13 symbols. If this cell-specific SRS region is below the maximum 13 symbols, e.g., only 7 symbols, it should be further discussed and decided how to use the remaining symbols in terms of resource utilization of the network for other UL usages including PUSCH and PUCCH. For example, a scheduled PUSCH on the remaining symbols may follow a ‘slot-PUSCH’ format if the scheduled UE has such capability even for Rel-16 UE capable of additional SRS. In case of PUCCH transmission in Rel-16, similar approach can also be considered by utilizing ‘slot-SPUCCH’. 
Proposal 2: It should be clarified how to use the remaining symbols in terms of resource utilization of the network for other UL usages, when the agreed cell-specific region as 1 to 13 symbols spans below the maximum possible number, e.g., only 7 symbols in the cell perspective.
2.2. Aperiodic additional SRS transmission

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. As agreed in RAN1 #96 meeting, aperiodic legacy SRS and aperiodic additional SRS symbol(s) can be configured for a UE in the same subframe. It seems natural that the legacy AP-SRS triggering mechanism can be inherited for additional SRS. SRS request field on different format of UL DCI can be reused for triggering additional AP-SRS with separately configured new RRC parameter enabling simultaneous transmission between additional and legacy AP-SRS. For more configurability, eNB would dynamically trigger only legacy SRS or only additional SRS or both legacy and additional SRS.
Proposal 3: Legacy AP-SRS triggering mechanism can be extended for additional SRS.
2.3. Collision handling of SRS and the other uplink channels
In the last meeting, it is agreed that the whole subframe (except last symbol) can be used for additional SRS from cell perspective. This can cause collision between additional SRS and the other UL channels especially in case of UL subframe lacked TDD configurations (i.e., TDD configuration 2 or 5). Generally, uplink control channel includes critical information as DL HARQ feedback, CSI reporting, scheduling request, etc. For PUCCH transmission, it may be the simplest option for further discussion/decision that all PUCCH can only be transmitted on a subframe where additional SRS is not transmitted in the cell perspective. To achieve this, we may consider to reuse DL HARQ reference configuration for possible PUCCH region, similarly for eIMTA in LTE, in order to protect the subframes according to the configuration not to be allocated for additional SRS, also discussed in [5]. Otherwise, it seems very difficult to avoid collisions between PUCCH and additional SRS only by eNB scheduling.
Also, same approach for PUSCH transmission could be effective by reusing DL HARQ reference configuration in order to make no collision between additional SRS and PUSCH transmission, where it also needs to be carefully discussed on cases of retransmission PUSCH, since the timeline for PUSCH retransmissions could depend on TDD UL-DL configuration.

Proposal 4: DL HARQ reference configuration can be reused for handling collision of SRS and the other uplink channels.
2.4. The number of additional SRS symbols regarding frequency hopping and repetition

As agreed in RAN1 #96 meeting, additional SRS can be configured as 1-13 symbols in a subframe for a UE. Also previously agreed is that both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols, which is to enhance SRS coverage by utilizing repeated additional SRS symbols, where eNB can receive power-boosted SRS of each subband for getting DL/UL channel quality to exploit frequency selective gains.

It is also captured as FFS on the configuration details, including the repetition factor R to be reused from Rel-15 NR specification for additional SRS. Since Rel-15 NR repetition factor only includes {1, 2, 4}, however, directly reusing the repetition factor R from Rel-15 NR can cause many cases where the number of additional SRS symbols (which can be 1 to 13 symbols) configured to a UE in Rel-16 cannot be divided by the configurable repetition factor R. Therefore, it should be further clarified and discussed whether the agreed range of configurable number of additional SRS symbols for UE should be limited to some selected numbers, e.g., 1, 2, 4, 8 symbols only. Otherwise, it needs to be clearly defined how to apply frequency hopping and repetition on the whole configured additional SRS symbols.
Proposal 5: It should be further clarified whether the agreed range of configurable number of additional SRS symbols for UE should be limited to some selected numbers, e.g., 1, 2, 4, 8 symbols only, in consideration of the possible range of repetition factor R, e.g., reusing 1, 2, 4 symbols from Rel-15 NR.
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.
Proposal 1: New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration.
Proposal 2: It should be clarified how to use the remaining symbols in terms of resource utilization of the network for other UL usages, when the agreed cell-specific region as 1 to 13 symbols spans below the maximum possible number, e.g., only 7 symbols in the cell perspective.
Proposal 3: Legacy AP-SRS triggering mechanism can be extended for additional SRS.
Proposal 4: DL HARQ reference configuration can be reused for handling collision of SRS and the other uplink channels.
Proposal 5: It should be further clarified whether the agreed range of configurable number of additional SRS symbols for UE should be limited to some selected numbers, e.g., 1, 2, 4, 8 symbols only, in consideration of the possible range of repetition factor R, e.g., reusing 1, 2, 4 symbols from Rel-15 NR.
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