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1 	Introduction
In the RAN1#98bis meeting discussion on introduction of additional SRS symbols continued and the following agreements were made and issues requiring further study were identified:

Agreement
If intra-subframe repetition, frequency hopping and/or antenna switching are configured simultaneously, repetition is performed before frequency hopping and/or antenna switching.

Agreement
For the setting of transmit power of additional SRS:



Agreement
For DCI format of TPC for additional SRS, at least DCI formats 3/3A/3B is supported
· For 3/3A, the TPC index for the additional SRS is configured by higher layer signalling
· For 3B, the RRC parameter for the starting position of the additional SRS is configured by higher layer signalling
· FFS: UL grants, DL grants

Agreement
For configuration of additional SRS: 
· Start position and number of symbols for additional SRS includes guard symbols if configured

Agreement
For the handling of collision of SRS and PUCCH/PUSCH/PRACH transmission for UEs not supporting sPUSCH/sPUCCH 
· UE is not expected to be triggered with SRS and PUCCH/PUSCH/PRACH on colliding subframes.

Agreement
The existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.


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 final details related to the introduction of SRS in additional symbols.

2 	Discussion
2.1 Handling of potential collisions of SRS in the additional symbols and PUSCH/PUCCH
In the Rel-16 UE feature categorization document [2] the capability to support SPUSCH and SPUCCH transmission in the normal UL subframe configured with additional SRS is included in the square brackets. RAN1 should discuss if and how to support this type of operation. We think this operation should be considered in the context of TDD operation and short TTIs that have a length of one slot. If the SRS in the additional symbols is configured to take place in just one of the slots of the subframe, the other slot could be used for SPUSCH or SPUCCH transmission. We think sub-slot sTTI formats should not be considered. If the SRS in additional symbols spans to both slots of the subframe then SPUCCH or SPUCSH is not transmitted.
We think that some clarifications are needed in the RAN1 specification if the operation where UE transmits SPUCCH or SPUSCH instead of scheduled PUSCH/PUCCH, is supported. For SPUCCH, clarification which SPUCCH format is used depending on PUCCH payload bits is needed. Also, it may be necessary to drop some of the PUCCH payload bits (e.g. periodic CSI bits) so that SPUCCH formats can be used. HARQ-ACK association between DL and UL subframes/slots depends on if short TTI operation is configured. It should be clarified that in this case normal TDD association is used. For PUSCH, it may be necessary to define interpretation of bits in the UL grant if SPUSCH is transmitted instead of PUSCH.
Observation 1: Clarifications are needed in the RAN1 specification if UE transmits SPUCCH/SPUSCH instead of scheduled PUCCH/PUSCH.
Proposal 1: RAN1 should discuss, whether modifications needed in the RAN1 specifications to support SPUCCH/SPUSCH capability in the subframes used for SRS in the additional symbols, are within the scope of the work item.

2.2 Guard period for SRS FH and AS
In the RAN1#98 meeting it was agreed that eNB can configure guard period for SRS transmission when antenna switching, or frequency hopping takes place. It was also discussed that UE could indicate capability for not requiring guard period. This would mean that UEs that are capable for short transient periods, when doing AS or FH operation, could indicate to eNB that their implementation supports short transient period. The actual transient period limit, when UE could indicate the new capability, should be discussed in RAN4. Those UEs that do not indicate the new capability operate according to legacy transient period definitions. From eNB perspective the new capability indicates that the quality of the SRS transmission is good even if guard period is not configured, but it is up to eNB to configure or not configure guard period before antenna switching or frequency hopping.
Proposal 2: Regardless of potential new UE capability indication related to guard period before antenna switching or frequency hopping, eNB can opt to configure or not configure guard period before AS or FH.

2.3 The order of frequency hopping and antenna switching
In the RAN1#97 meeting working assumption was made so that frequency hopping should be performed before antenna switching if both are configured concurrently. It seems that the motivation for such a restriction is that guard or transient period for antenna switching is assumed to be larger than the transient period needed for frequency hopping. However, according to the LS from RAN4 [2] the transient periods can be assumed to be the same for frequency hopping and antenna switching. Therefore, the benefit of restricting the order is not clear.

Proposal 3: The working assumption stating that frequency hopping should be performed before antenna switching when they are concurrently configured, is not agreed. The transmission order between antenna switching and frequency hopping is configured determined based on RRC signalling.




[bookmark: _Hlk24111999]2.4 Triggering of additional SRS
In the RAN1#96bis meeting it was agreed that legacy DCI formats are used to trigger SRS transmissions in additional symbols. It was also agreed that the SRS request field in the DCI can trigger just legacy SRS or just additional SRS or both (or none of them). 

Agreement
A codepoint in the same DCI triggers SRS transmission for one of the following:
· Only aperiodic legacy SRS symbols
· Only aperiodic additional SRS symbols
· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe
The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

This seems to imply that DCI formats with 2-bit SRS request field need to be used. Triggering both legacy and additional SRS within the same subframe with DCIs that have just one-bit SRS request field may not be possible (unless cross carrier scheduling is somehow used). Because of this the following DCI formats can be used to trigger SRS in additional symbols: 3B, 4, and 7-0B. In the last meeting it was agreed that format 3B can be used to transmit TPC commands for SRS in the additional symbols. DCI format 3B is a natural choice for triggering SRS in the additional symbols in the carriers that are not configured for PUSCH and PUCCH transmissions. For carriers where PUSCH is also possible, UL DCI formats with 2-bit SRS request field can be used to trigger SRS in additional symbols. Format 3B is possible in these carriers also, but it is better to use DCI that is anyway transmitted so that the PDCCH load does not increase. According to the agreement in the last meeting these UL DCI formats should not trigger SRS so that it collides with the PUSCH. It could be clarified that if the UL DCI triggers SRS in the additional symbols PUSCH is not transmitted in the same subframe. 

The existing DL DCI formats only support 1-bit SRS request field so dynamic selection between legacy SRS and SRS in the additional symbols, or both is not straightforward. On the other hand, the typical use case use for additional SRS is DL heavy operation i.e. there are only one or two subframes configured for UL in the radio frame and the rest of the subframes are for DL. There are then a lot of DL DCI transmissions and the triggering of legacy SRS and additional SRS could be done by DL DCIs in different subframes.

Proposal 4: UL DCI formats that have 2-bit SRS request field can be used to trigger additional SRS

Proposal 5: DL DCI formats with 1-bit SRS request field can be used to trigger additional SRS if DL DCIs in different subframes trigger legacy SRS and additional SRS.
 

2.4 TPC command transmission
In the last meeting it was agreed that DCI formats 3/3A/3B are used to transmit TPC commands for additional SRS. It was decided to study further if UL grants and/or DL grants can also be used to transmit power control commands. The TPC bits in the UL grant are used for PUSCH and legacy SRS power control. TPC bits in DL grants are used to control the power of PUCCH. The question is if TPC bits in UL/DL grants could in some cases be interpreted to be applicable for SRS in the additional symbols. For example, so that when additional SRS is triggered, the TPC bits are used to control that SRS instead of PUCCH/PUSCH.

Proposal 6: Consider if TPC bits in the UL/DL grants should be used to control power of additional SRS when the UL/DL grants trigger additional SRS.
 

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 observations and proposals:

Observation 1: Clarifications are needed in the RAN1 specification if UE transmits SPUCCH/SPUSCH instead of scheduled PUCCH/PUSCH.
Proposal 1: RAN1 should discuss whether modifications needed in the RAN1 specifications to support SPUCCH/SPUSCH capability in the subframes used for SRS in the additional symbols, are within the scope of the work item.

Proposal 2: Regardless of potential new UE capability indication related to guard period before antenna switching or frequency hopping, eNB can opt to configure or not configure guard period before AS or FH.

Proposal 3: The working assumption stating that frequency hopping should be performed before antenna switching when they are concurrently configured, is not agreed. The transmission order between antenna switching and frequency hopping is configured determined based on RRC signalling.

Proposal 4: UL DCI formats that have 2-bit SRS request field can be used to trigger additional SRS

Proposal 5: DL DCI formats with 1-bit SRS request field can be used to trigger additional SRS if DL DCIs in different subframes trigger legacy SRS and additional SRS.

Proposal 6: Consider if TPC bits in the UL/DL grants should be used to control power of additional SRS when the UL/DL grants trigger additional SRS.
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