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Number of SRS resource sets
Based on the current agreements in RAN1, we make the following observations:
· One SRS resource set can be configured per BWP for each codebook/non-codebook.
· Up to 8 SRS resource sets can be configured per BWP for BM purposes (line 2-13 component 3 in [4])

For antenna switching, for aperiodic 1T4R, the UE can be configured with 2 SRS resource sets. For Rel-15, we do not see a strong need of having the option of configuring more antenna switching SRS resources per BWP. This may result in scenarios of having multiple such sets in one slot, which results to higher complexity at the UE, and introduces antenna management complexities that have not been studied well enough at this stage. 
[bookmark: _Hlk510617523][bookmark: _Hlk510617525][bookmark: _GoBack]Proposal 1: c
[bookmark: _Hlk510617529]Commonalities between SRS resources of a set
In previous meeting it was discussed to introduce commonalties on a few parameters across resources of an SRS resource set., but no progress was made. Progress in this open item is necessary to decrease the number of events in a slot that result to Tx AGC changes due to transmit power changes. 
Proposal 2: For a SRS resource set, 
· a UE is not expected to be configured with multiple SRS resources with different periodicities, or SRS-bandwidth, or transmissionComb within a SRS resource set.
· the UE expects that the SRS resources in a slot are configured to be transmitted in consecutive symbols, unless it is an SRS resource set for antenna switching where the SRS resources are configured Y symbols apart. 
Antenna switching & UE-capability considerations
In RAN1#90, the following agreement was achieved: 
· 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
· FFS: how to provide the eNB with UE requirements on the number of SRS resources and the number of ports per resource for the purposes of Tx antenna switching
· FFS: UE behaviour in case of power difference between primary Tx antenna(s) and secondary Rx antenna(s)

On the UE feature discussion, the following statement was agreed regarding the UE capability related to antenna switching:
· Row 2-55 in [4]: Component-1 is a list of TRx pairs, candidates are {1T2R, 1T4R, 2T4R, 1T4R/2T4R}
We need to clarify that the “1T4R/2T4R” is applicable to the case that the UE is UL MIMO capable, but it is not configured to transmit with UL MIMO PUSCH. 
[bookmark: _Hlk510617543]Proposal 3: When the UE is semi-statically configured with ULmaxRank = 1, a UE only expects to be configured with 1-port SRS resource in an SRS resource set for antenna switching. 
SRS switching & gap before/after SRS resource set
RAN4 has identified that 15 usec is needed when the UE changes antenna. This is because the UE cannot guarantee a good EVM transmission before the antenna switching has been completely and enough time has passed to ensure RF stability. Note that LTE also had a similar issue, and RAN4 decided to absorb such an EVM degradation during the CP of the symbol of the channel before or after the SRS symbol. On the other hand, in NR, we have multiple numerologies, for which the symbol duration may be too small to absorb the EVM degradation. 
On the other hand, we acknowledge that introducing mandatory gaps before and after an SRS resource set would result to high overhead and may make the feature not very practical. For this reason, we propose:
Proposal 4: With respect to the issue of potential guard time before/after an SRS resource set for antenna switching:
· For 60/120 KHz SCS in FR2 and 15/30 KHz SCS, a UE can be configured with a PUSCH/PUCCH on a symbol which is transmitted adjacent to symbol(s) carrying SRS of an SRS resource set for antenna switching. 
· Ask RAN4 to introduce EVM exceptions for the symbol(s) carrying PUSCH/PUCCH when an adjacent symbol is used for SRS transmission of an SRS resource set for antenna switching.
· For 60 KHz SCS in FR1, a UE expects 1 symbol OFDM guard period between a symbol carrying PUSCH/PUCCH and  the first or last symbol carrying SRS of an SRS resource set for antenna switching. 
· UE is not expected to transmit any UL channel during this guard period. 
· It is up to RAN4 to discuss requirements for the cast that the SRS symbol for antenna switching is the last symbol of a slot followed by a DL symbol.
· [bookmark: _Hlk513728014]A UE is expected to be configured with a guard time of Y symbols between any two SRS symbols if at least one of them is for antenna switching.
SRS transmission + PUSCH/PUCCH in intra-band CA
In intra-band CA, the UE should be allowed to transmit SRS on one CC and PUSCH/PUCCH in a another CC (similar to LTE), under two basic and fundamental constraints:
· The UE will assume that this may happen only when the same spatial QCL Type D is configured. 
· The SRS resource and PUCCH/PUSCH are fully overlapped. 
· This is needed because if there is a partial overlap, this would mean that the Tx power changes across consecutive symbols, which result to phase change at the UE transmission. 

Proposal 5: The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same QCL Type D is configured,
· the SRS resource is fully overlapped in time with the PUCCH/PUSCH.
Inconsistency in Number of SRS resource per set
In RAN1#92 it was agreed that up to 16 resources per SRS resource set can be configured:
Agreement (RRC parameter update):
maxNrofSRS-ResourceSets                                                                                             INTEGER ::= 16        -- Maximum number of SRS resource sets.
maxNrofSRS-Resources                                                                                                  INTEGER ::= 64         -- Maximum number of SRS resources in an SRS resource set.
maxNrofSRS-ResourcesPerSet                                                                                      INTEGER ::= 16
 
Yet, in the UE feature discussion, it was agreed that the UE can be configured with 32 resources per SRS resource set for beam management. These two agreements are not consistent. 

	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).
 
	Uplink beam management is not supported
	Type1
	Component-2, candidate value set is {8, 16, 32}
Component-3, candidate value set is {from 1 to 8}



Proposal 6:  Send an LS to RAN2 that the maximum number of SRS resource per set is 16 (as written in 331). 
A-SRS and Spatial Relation from an A-CSIRS
The spec allows an aperiodic SRS resource to be configured to receive the spatial relation information from an aperiodic CSIRS resource. Yet, the latter may have spatial relation 
Proposal 7: Clarify that when A-SRS is configured with SRS-SpatialRelationInfo is set to 'CSI-RS' and CSI-RS resource is aperiodic, the spatial relation of the latest resource should be used.  
· Change in Section 6.2.1 of 38.214:
“-	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 latest aperiodic 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. “
Timing considerations for SRS switching across CCs
In RAN1# 90Bis the following generic agreement was made regarding NR SRS switching among CCs:

Agreement:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
TA (through PRACH) on TAG without PUSCH/PUCCH configured
Power control separated from that of PUSCH
Group common DCI for aperiodic SRS triggering and TPC
DL/UL interruptions and collision handling due to SRS switching

As a background from LTE, the following text appears in 36.213 regarding the A-SRS timing for SRS switching across CCS:
The SRS resource for the n-th (n>=2) SRS transmission is determined such that it is the first SRS resource on or after the SRS resource for the (n-1)-th SRS transmission provided it does not collide with any previous SRS transmission triggered in the DCI format 3B, or interruption due to UL or DL RF retuning time [10].

In current 38.214, such statements have not been agreed, which makes the SRS switching across CCs in NR Rel-15 problematic. Specifically, special considerations are needed for NR A-SRS for switching across CCs compared to LTE due to the following two reasons.
· In NR, each CC may have different numerology, and the grant that carries the A-SRS triggering may appear on a CC which has a different numerology than the ones where the sounding will occur.
· It can be seen in the NR UE feature discussion (R1-1801198) that the minimum timing between A-SRS transmission and associated triggering is a UE capability and it is equal to N2 (i.e., the PUSCH preparation time), which is also numerology dependent as it can be seen in Tables 6.4-1 and 6.4-2 in latest 38.214 specification.
Therefore, an agreement is missing on the minimum timing gap between A-SRS transmission and associated triggering when different CCs have different numerology. Specifically, the UE, due to the fact that N2 is numerology dependent, shall not be configured to transmit an SRS on a CC earlier than 
· The summation of the time duration of N2 symbols in this CC’s numerology and the UL or DL RF retuning time.
· nor earlier than the end of previous SRS transmission, if any have occured.

Therefore, in a specification language, we make the following text proposal:
[bookmark: _Hlk510617549][bookmark: _Hlk506451256]Proposal 8 (New text in Section 6.2.1.3 in 38.214): For n-th (n>=1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided
· it is no earlier than the summation of 
· the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of cell c and the cell carrying the grant respectively, and
· the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL, 
· it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS transmission
“Guard period” between SRS of antenna switching & other UL channels

The spec writes that in scenarios of antenna switching:
“and a guard period where UE does not transmit any other signal of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.”

A clarification is needed whether the above statement means that if a UE is configured with any other UL channel in any CC in that symbol, then this channel is dropped.
Proposal 9: Clarify in Section 6.2.1.2 of 38.214 that during “the guard period where the UE does not transmit any other signal”, if the UE is configured to transmit any other UL channel in any CC during this guard period, this channel’s transmission is dropped. 
 Conclusions 

Proposal 1: A UE can only be configured with one SRS resource set for antenna switching per BWP unless it is configured with 2 SRS resource sets for aperiodic 1T4R sounding per BWP.
Proposal 2: For a SRS resource set, 
· a UE is not expected to be configured with multiple SRS resources with different periodicities, or SRS-bandwidth, or transmissionComb within a SRS resource set.
· the UE expects that the SRS resources in a slot are configured to be transmitted in consecutive symbols, unless it is an SRS resource set for antenna switching where the SRS resources are configured Y symbols apart. 

Proposal 3: When the UE is semi-statically configured with ULmaxRank = 1, a UE only expects to be configured with 1-port SRS resource in an SRS resource set for antenna switching. 
Proposal 4: With respect to the issue of potential guard time before/after an SRS resource set for antenna switching:
· For 60/120 KHz SCS in FR2 and 15/30 KHz SCS, a UE can be configured with a PUSCH/PUCCH on a symbol which is transmitted adjacent to symbol(s) carrying SRS of an SRS resource set for antenna switching. 
· Ask RAN4 to introduce EVM exceptions time durations for the symbol(s) carrying PUSCH/PUCCH when an adjacent symbol is used for SRS transmission of an SRS resource set for antenna switching.
· For 60 KHz SCS in FR1, a UE expects 1 symbol OFDM guard period between a symbol carrying PUSCH/PUCCH and  the first or last symbol carrying SRS of an SRS resource set for antenna switching. 
· UE is not expected to transmit any UL channel during this guard period. 
· It is up to RAN4 to discuss requirements for the cast that the SRS symbol for antenna switching is the last symbol of a slot followed by a DL symbol.
· A UE is expected to be configured with a guard time of Y symbols between any two SRS symbols if at least one of them is for antenna switching.

Proposal 5: The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA unless the following conditions are satisfied:
· the same QCL Type D is configured,
· the SRS resource is fully overlapped in time with the PUCCH/PUSCH.

Proposal 6:  Send an LS to RAN2 that the maximum number of SRS resource per set is 16 (as written in 331).

Proposal 7: Clarify that when A-SRS is configured with SRS-SpatialRelationInfo is set to 'CSI-RS' and CSI-RS resource is aperiodic, the spatial relation of the latest resource should be used.  
· Change in Section 6.2.1 of 38.214:
“-	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 latest aperiodic 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. “

Proposal 8 (New text in Section 6.2.1.3 in 38.214): For n-th (n>=1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided
· it is no earlier than the summation of 
· the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of cell c and the cell carrying the grant respectively, and
· the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL, 
· it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS transmission
Proposal 9: Clarify in Section 6.2.1.2 of 38.214 that during “the guard period where the UE does not transmit any other signal”, if the UE is configured to transmit any other UL channel in any CC during this guard period, this channel’s transmission is dropped. 
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