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1. Introduction
This contribution provides a text proposal for SRS design.
Agreement:

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way , or (2) via gNB indication.
Agreement
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed
Agreement
· For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching

· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where

· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource

· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource

· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level

· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)

· The UE does not transmit any other signal during the guard period

· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.

· NR supports 1T4R antenna switching within an active BWP of a component carrier

· The UE is configured with 4 SRS resources which are all single-symbol and single-port

· Each port of the 4 resources is associated with a different UE antenna

· FFS: Inter-/intra-slot switching

· FFS: Aperiodic triggering of the 4 SRS resources

2. Discussion
2.1. Proposals on SRS resource set
· Issue 1
One or more SRS resource sets can be configured for UL transmission or UL beam management. Within each set, one or more SRS resources can be configured with independent SRS parameters, e.g. antenna port, bandwidth, symbol number, periodicities and offset. However, there would be some issues if some of the parameters are different for SRS resources within one SRS resource set. 

· In power control section, the SRS transmit power is defined for each SRS resource set qs and each SRS transmission duration i. At least for SRS for beam management, the transmit duration i is only updated at the beginning of a SRS resource set, and the transmit power can be maintain unchanged within a SRS resources set. In this case, the same periodicity should be applied to the resources within a SRS resource set, otherwise UE cannot determine when to update the value of i and it is impossible to ensure the same transmit power within a SRS resource set via set-specific power control. 
· Similar issue should also be considered for SRS bandwidth configuration. If different bandwidths/frequency hopping are configured to SRS resources within a set, the transmit power would also change within a SRS resource set. Furthermore, the same SRS bandwidth/frequency hopping is the basis to select the SRS resource or beam or antenna based on a SRS resource set. It was also agreed for non-codebook based UL transmission that the simultaneously transmitted SRS resources should occupy the same RBs.
· For non-codebook based UL transmission, the number of antenna port should be one for SRS resources within SRS resource set. For SRS resource set for other use cases, the number of antenna ports should also be the consistent within a SRS resource set for antenna switching or beam management or SRI indication. 
Proposal 1: For a SRS resource set,
· A UE is not expected to be configured with multiple SRS resources with different periodicities within a SRS resource set.
· A UE is not expected to be configured with multiple SRS resources with different number of SRS ports within a SRS resource set.
· A UE is not expected to be configured with multiple SRS resources with different SRS-bandwidth within a SRS resource set.
 /************************* Start of Text Proposal for 38.214 ************************/
6.2.1
UE sounding procedure
The UE may be configured by the higher layer parameter SRS-ResourceMapping with an SRS resource occupying a location within the last 6 symbols of the slot. 

When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
A UE is not expected to be configured with multiple SRS resources with different slot level periodicities or different higher layer parameter NrofSRS-Ports or SRS-FreqHopping or SRS-FreqDomainPosition within a SRS resource set. 
/************************* End of Text Proposal for 38.214 ************************/
· Issue 2
There is no conclusion on the timing between UL/DL grant to trigger aperiodic SRS and corresponding SRS transmission. For PUSCH, the scheduling latency is indicated in UL grant. For aperiodic SRS, a configurable triggering offset would be also beneficial. Considering the aperiodic SRS is triggering per SRS resource set, the triggering offset can also be configured for each SRS resource set to simplify the signaling.
On possible issue is that when antenna switching for 1T4R is enabled, a guard period is needed between symbols used for different antennae. Then the agreed 6 symbols are not sufficient for the 4 SRS resources. By now, there is no conclusion on whether other symbols or all the symbols in a slot can be used for antenna switching, also no conclusion on whether inter-slot switching and aperiodic triggering is allowed for 4 antenna switching. In our opinion, it would be better to support antenna switching within a slot to reduce the CSI latency (e.g allow more symbols for SRS transmission). Otherwise, the antenna switching for 1T4R case can be implemented via periodic SRS, and aperiodic SRS is not used for this case. 
In the other hand, the scheduling restriction that only the last 6 symbols can be configured for SRS transmission is unnecessary. In DL, all the symbols within in slot can be used for CSI-RS (especially aperiodic CSI-RS which can only be transmitted within a slot) to support more beams for DL beam management. Similarly, it is beneficial if all the symbols in a slot without data transmission are available for UL beam management via SRS. In this case, U1/U2/U3 and antenna switching can be performed via fewer slots with lower latency. 
Proposal 2: The timing between DCI to trigger aperiodic SRS and corresponding SRS transmission is RRC configured per SRS resource set.
/************************* Start of Text Proposal for 38.214 ************************/
6.2.1
UE sounding procedure
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'aperiodic':

-
the UE receives a configuration of SRS resource sets,
-
the UE receives a downlink DCI or an uplink DCI based activation command where a codepoint of the DCI may activate one or more SRS resource set(s).
-
the UE transmit SRS in each of the activated SRS resource set(s) in slot n+k when the UE receives the downlink DCI or uplink DCI carrying activation command in slot n, where k is configured via higher layer parameter aperiodic-SRS-offset for each SRS resources set.
-
if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, or of the aperiodidc CSI-RS. If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS or of the semi-persistent SRS or of the aperiodic SRS. 

The 2-bit SRS request field [5 TS38.212] in DCI format 0-0, 0-1, 1-0, 1-1, 2-2 indicates the triggered SRS resource set given in Table 6.2.1-1.
/************************** End of Text Proposal for 38.214 ************************/
Proposal 3:  All the symbols within a slot can be configured for SRS transmission.
/************************* Start of Text Proposal for 38.214 ************************/

When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
/************************** End of Text Proposal for 38.214 ************************/
2.2. Corrections advice to current specifications
· Issue 1 (Editing correction)
The maximum value of SRS resources within a set is not configurable for codebook and non-codebook based UL transmission. The maximal value of SRS resources within a SRS resource set for beam management is not included in current list of UE feature, which needs further discussion.
/************************* Start of Text Proposal for 38.214 ************************/
6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with 
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SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is 2 for codebook based UL transmission and 4 for non-codebook based UL transmission and indicated by [SRS_capability [13, 38.306]] for other cases. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.
/************************* End of Text Proposal for 38.214 ************************/
· Issue 2
The same Tx beam should be applied within one SRS resource according to the agreement on beam management. That is not captured in current specification.
/************************* Start of Text Proposal for 38.214 ************************/
6.2.1
UE sounding procedure
The UE may be configured by the higher layer parameter SRS-ResourceMapping with an SRS resource occupying a location within the last 6 symbols of the slot. 

When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
The UE shall transmit SRS with the same spatial domain transmission filter across the OFDM symbols occupied by a SRS resource.
/************************* End of Text Proposal for 38.214 ************************/
· Issue 3 (Editing correction)
PUSCH frequency hopping is captured in section 6.3 and should not be described in section 6.2.1.1 of 38.214.

/************************* Start of Text Proposal for 38.214 ************************/
6.2.1.1
UE SRS frequency hopping procedure

A UE may be configured
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 symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured
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 symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns=4, when frequency hopping is configured with R=2, intra-slot and inter-slot hopping is supported with all antenna ports of the SRS resource mapped to different sets of subcarriers across two pairs of R adjacent OFDM symbol(s) of the resource in each slot. All antenna ports of the SRS resource are mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with all antenna ports of the SRS resource mapped to the same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.


/************************* End of Text Proposal for 38.214 ************************/
3. Conclusion
This contribution discusses the remaining issues on SRS with the following proposals:
Proposal 1: For a SRS resource set,
· A UE is not expected to be configured with multiple SRS resources with different periodicities within a SRS resource set.
· A UE is not expected to be configured with multiple SRS resources with different number of SRS ports within a SRS resource set.
· A UE is not expected to be configured with multiple SRS resources with different SRS-bandwidth within a SRS resource set.
Proposal 2: The timing between DCI to trigger aperiodic SRS and corresponding SRS transmission is RRC configured per SRS resource set.
Proposal 3:  All the symbols within a slot can be configured for SRS transmission.
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