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1 	Introduction
In the RAN1#96 meeting discussion on introduction of additional SRS symbols continued and the following agreements were made and issues requiring further study were identified:
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, , where  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, 
· 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
[bookmark: _GoBack]
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 addition, in the RAN#82 plenary meeting the scope of the WID was discussed and it was confirmed that enhancements on PUCCH and PUSCH are not in scope of the work item.
In this contribution we discuss further details related to the introduction of additional SRS symbols.

2 	Discussion
2.1 Transmission of additional SRS symbols and PUSCH/PUCCH in the normal subframe
In the last meeting it was agreed that UE can be configured to transmit 1 – 13 additional SRS symbols in the normal subframe. It should be discussed if and how PUSCH and PUCCH are transmitted in the same subframe. Regarding legacy SRS it has already been agreed that it can be transmitted in the same subframe as SRS in the additional symbols. According to the agreements made so far, the last symbol of the subframe cannot be configured to be used to transmit additional SRS symbols. A method to enable PUSCH/PUCCH and additional SRS in the same subframe is to configure sTTI operation. In this case it could be up to eNB to avoid triggering additional SRS symbol transmissions in the slots were PUCCH/PUSCH is also scheduled. Another option could be to allow PUSCH/PUCCH transmission in all the symbols were additional SRS symbols are not transmitted. However, we think that this would be a change to PUSCH/PUCCH transmission and according to the RAN agreement it is out of the scope of the WI. Legacy Rel-10 UE can be configured to transmit PUSCH and PUCCH simultaneously. Similarly, simultaneous SRS and PUCCH transmission could be considered. This would allow transmission of additional SRS symbols also in the case that PUCCH needs to be transmitted continuously due to continuous DL transmission. UL PC can be problematic in this case especially if transmission of additional SRS symbols starts or stops in the middle of the slot/subframe. 
When sTTI is used, the mapping between reception of DL transmission in a slot and corresponding HARQ-ACK in the UL slot has been defined. From single UE point of view this means that if one of the UL slots is not available for HARQ-ACK due to additional SRS symbol transmission, the related DL transmission should not be scheduled. All the DL slots can be utilized if there are multiple UEs in the cell. If operation needs to be optimized for single UE perspective and/or if DL scheduling restrictions must be avoided some kind of joint transmission of PUSCH/PUCCH and additional SRS symbols should be specified. However, according to the WID changes to PUCCH/PUSCH are out of the scope.
Proposal 1: Consider supporting simultaneous transmission of additional SRS symbols and PUCCH in a carrier.
Proposal 2: If simultaneous transmission of additional SRS symbols and PUCCH is not supported, the only way to transmit PUSCH/PUCCH and additional SRS symbols in the same subframe is to use sTTI operation. 
[bookmark: _Hlk3534989][bookmark: _Hlk3535029]2.2 Power control and dropping rules
In [2] the SRS dropping and PUSCH rate matching rules are clarified. In case of UL carrier aggregation when carriers belong to the same timing advance group, legacy SRS is dropped if collides with PUSCH in the different carrier. Same TAG can be understood so that same PA can be used for the transmissions of the different carriers. Potential change in the Tx power of the PA due to start of SRS symbol in the middle of the slot can be problem for simultaneous PUSCH in the same PA. Because of this it could be reasonable to try to avoid changes in transmission of additional SRS symbols within the slot. If UL CA with no multiple TA is used, additional SRS symbols could span over the whole slot. As has been discussed earlier, the required number of additional symbols is typically less than six symbols. If the number of transmitted additional SRS symbols is increased so that power changes in the middle of the slot are avoided the Tx power used in additional SRS symbols could be decreased. Because of this it could be reasonable to have independent power control for additional SRS symbols. 
If UL CA is configured so that carriers belong to different TAG, simultaneous transmission of legacy SRS and PUSCH is supported. Similar operation can be considered for additional SRS symbols i.e. if overlapping PUSCH and SRS in additional symbols belong to different TAG they can be transmitted simultaneously and there are no limitations which symbols are used to transmit additional SRS.
Proposal 3: In case of UL CA when carriers belong to the same TAG, consider configuring additional SRS symbols so that they span over the whole slot.
Proposal 4: In case of UL CA when carriers belong to different TAG, limitations to the configuration of additional SRS symbols are not needed.
Proposal 5: Independent power control loop for additional SRS symbols should be considered at least for the case, when the whole slot is configured for additional SRS transmissions.

2.3 Configuration and triggering of aperiodic SRS in additional SRS symbols
In the RAN1#94bis meeting it was agreed that aperiodic SRS transmission for additional SRS symbol(s) is supported. Regarding the triggering of aperiodic SRS in additional SRS symbols one option is to define new interpretation to the 2-bit SRS request field in the relevant DCI formats e.g. in the following way:
‘00’ = No aperiodic SRS in legacy or additional SRS symbols
‘01’ = aperiodic SRS in legacy SRS symbol
‘10’ = aperiodic SRS in additional SRS symbols
‘11’ = aperiodic SRS in both legacy and additional SRS symbols 
This type of triggering means that only one SRS parameter set can be used for legacy aperiodic SRS and for additional SRS symbol transmission. Another option is that aperiodic SRS in both legacy and additional SRS symbols are always triggered and transmitted together. We think that both options can be considered. We think that new bits in the DCI formats are not needed to trigger SRS in additional symbols.
[bookmark: _Hlk528918897]Proposal 6: Reuse existing SRS request field in the relevant DCI formats to trigger aperiodic SRS transmission in additional SRS symbols.
2.3 Periodic SRS transmission in additional SRS symbols
We think that configuration of periodic SRS transmission in additional SRS symbols could be done in the same way as configuration of aperiodic SRS. In the aperiodic case eNB can easily avoid overlapping SRS and PUSCH/PUCCH transmissions from the UE in the same carrier. In case of periodic SRS, it is better if some kind of dropping rules are specified for the case when overlapping SRS and PUSCH/PUCCH transmissions are scheduled for the UE. Because changes to the PUSCH/PUCCH operation are not in the scope of this work item, simple rule mandating UE to drop SRS transmission if it collides in time domain with PUCCH/PUSCH/PRACH in the same carrier, should be specified
Proposal 7: Periodic SRS transmission is supported in the additional SRS symbols
Proposal 8: UE drops SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier

3	Conclusions
In this contribution, we have discussed issues related to the introduction of additional SRS symbols to the normal UL subframes. We have the following proposals:
Proposal 1: Consider supporting simultaneous transmission of additional SRS symbols and PUCCH in a carrier.
Proposal 2: If simultaneous transmission of additional SRS symbols and PUCCH is not supported, the only way to transmit PUSCH/PUCCH and additional SRS symbols in the same subframe is to use sTTI operation. 
Proposal 3: In case of UL CA when carriers belong to the same TAG, consider configuring additional SRS symbols so that they span over the whole slot.
Proposal 4: In case of UL CA when carriers belong to different TAG, limitations to the configuration of additional SRS symbols are not needed.
Proposal 5: Independent power control loop for additional SRS symbols should be considered at least for the case, when the whole slot is configured for additional SRS transmissions.
Proposal 6: Reuse existing SRS request field in the relevant DCI formats to trigger aperiodic SRS transmission in additional SRS symbols.
Proposal 7: Periodic SRS transmission is supported in the additional SRS symbols
Proposal 8: UE drops SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
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