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Introduction
Sounding Reference Signal (SRS) has been widely used for various functionalities in NR, e.g., antenna switching for DL CSI, beam management, codebook based PUSCH and non-codebook based PUSCH. After extensive discussions for Rel-17 MIMO enhancement, some potential enhancements for SRS were agreed in the WID of FeMIMO for Rel-17[1]. The key functionalities of R17 SRS enhancement has already been accomplished, with some minor remaining issues. 
In this contribution, we will continue to discuss R17 SRS enhancement and provide some TPs to reflect RAN1 and RAN2 agreements.
Flexible slot offset and RPFS
There are some misalignments between RAN1 and RAN2 specs, especially for the RRC parameters designed by RAN2 [3] and the counterparts recommended by RAN1 [4]. For example, in the running RAN2 running CR [3], the RRC parameter AvailableSlotOffset can only be configured with single value. Instead, the RRC parameter availableSlotOffsetList can be configured with up to 4 values.  Thus, the TS 38.214 needs to be modified accordingly. 
Proposal 1: Adopt the following TP1 (highlighted by Yellow) for TS 38.214 to align RAN1 and RAN2 specifications. 
	TP1 for TS 38.214 (based on CR R1-2112949 [4])
Section 6.2.1
<omitted text>
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource or SRS-PosResource.
-	srs-ResourceId or SRS-PosResourceId determines SRS resource configuration identity.
[bookmark: _Hlk512512251]-	Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports and described in Cclause 6.4.1.4 of [4, TS 38.211]. If not configured, nrofSRS-Ports is 1.
-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType, which may be periodic, semi-persistent, aperiodic SRS transmission as defined in Cclause 6.4.1.4 of [4, TS 38.211].
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of zero up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is SlotOffset is defined by the higher layer parameter AvailableSlotOffset availableSlotOffsetList. The parameter AvailableSlotOffset availableSlotOffsetList can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
-	Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter resourceMapping and described in Cclause 6.4.1.4 of [4, TS 38.211]. If R is not configured, then R is equal to the number of OFDM symbols in the SRS resource.



[bookmark: _Hlk496600036]-	SRS bandwidth and , as defined by the higher layer parameter freqHopping and described in Cclause 6.4.1.4 of [4, TS 38.211]. If not configured, then= 0.


-	Frequency hopping bandwidth , as defined by the higher layer parameter freqHopping and described in Cclause 6.4.1.4 of [4, TS 38.211]. If not configured, then = 0.
-	Defining partial frequency sounding factor PF and start RB index kF for partial frequency sounding as defined by the higher layer parameters freqScalingFactor FreqScalingFactor PF and StartRBIndex kF, respectively, and described in Clause 6.4.1.4 of [4, TS 38.211]. If not configured, then PF = 1 and kF,= 0.
-	Defining start RB index hopping for partial frequency sounding in different SRS frequency hopping periods for aperiodic/periodic/semi-persistent SRS based on the hopping pattern khopping as described in clause 6.4.1.4.3 in [4, TS 38.211. If not configured, then start RB hopping is not enabled and khopping is fixed to be 0 for all SRS symbols. 

<omitted text>

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2  symbols and an additional time duration  Tswitch. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 +14 symbols and an additional time duration Tswitch. The minimal time interval unit of OFDM symbol is counted based on the minimum subcarrier spacing given by min(µPDCCH, µUL) where µUL is given by min(µUL,carrier1, µUL,carrier2, µSRS) when the UE is configured with the higher layer parameter uplinkTxSwitchingOption set to 'dualUL' for uplink carrier aggregation, and by µSRS otherwise. µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 
-	Tswitch, µUL,carrier1 and µUL,carrier2 are defined in clause 6.4.
-	When UE reporting [Triggering SRS only in DCI 0_1/0_2], the UE can be indicated with DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI as described in clause 7.3.1.1 of TS38.212. Otherwise, except for DCI format 0_1/0_2 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_1/0_2 with UL-SCH indicator of "0" and CSI request of all zero(s) as described in clause 7.3.1.1 of [5, TS 38.212].

-	If the UE receives the DCI triggering aperiodic SRS in slot n and at least one resource set is configured with parameter availableSlotOffset availableSlotOffsetList across all configured BWPs in a component carrier except when SRS is configured with the higher layer parameter SRS-PosResource, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in the (t + 1)-th available slot counting from slot if ca-SlotOffset is configured, otherwise the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in the (t + 1)-th available slot counting from slot , where

<omitted text>
t is configured via higher layer parameter availableSlotOffset availableSlotOffsetList with up to four different values for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission. When one or more SRS resource sets across all configured BWPs in a component carrier are configured, and at least one resource set is configured with availableSlotOffset availableSlotOffsetList parameter  of more than one values, the indicated value out of availableSlotOffset availableSlotOffsetList is indicated by SOI field in DCI scheduling PUSCH/PDSCH and DCI 0_1/0_2 without data and without CSI request described in [5, TS 38.212]. The UE shall apply indicated value of availableSlotOffset set specifically for those sets with configured availableSlotOffset availableSlotOffsetList parameter. When one or more SRS resource sets across all configured BWPs in a component carrier are configured and at least one resource set is configured with availableSlotOffset availableSlotOffsetList parameter, and the availableSlotOffset availableSlotOffsetList parameter for each SRS resource set has only one value, the UE shall apply the configured value of availableSlotOffset availableSlotOffsetList specifically for those sets with configured availableSlotOffset availableSlotOffsetList parameter. For SRS resource set configured with availableSlotOffset parameter, each of resource set is configured with K values for of availableSlotOffset availableSlotOffsetList parameter. For SRS resource set configured without availableSlotOffset availableSlotOffsetList parameter, t = 0 is applied for each of resource set. 

-	If the UE receives the DCI triggering aperiodic SRS in slot n and none of the resource sets is configured with parameter availableSlotOffset availableSlotOffsetList across all configured BWPs in a component carrier, and if the UE is configured with ca-SlotOffset for at least one of the triggered and triggering cell, except when SRS is configured with the higher layer parameter SRS-PosResource, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot , otherwise,  the UE transmits aperiodic SRS in each of the triggered resource set(s) in slot if UE is configured with ca-SlotOffset for at least one of the triggered and triggering cell,  Ks =[image: ], otherwise, and where 





Proposal 2: Adopt the following TP2 (highlighted by Yellow) for TS 38.211 to align RAN1 and RAN2 specifications. 
	TP2 for TS 38.211 (based on CR R1-2112919 [5])
Observation 1 [bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc74660457]6.4.1.4.3	Mapping to physical resources





When SRS is transmitted on a given SRS resource, the sequence  for each OFDM symbol  and for each of the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot for each of the antenna ports  according to


The length of the sounding reference signal sequence is given by






where  is given by a selected row of Table 6.4.1.4.3-1 with  where  is given by the field b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise . The row of the table is selected according to the index  given by the field c-SRS contained in the higher-layer parameter freqHopping. The quantity  is given by the higher-layer parameter FreqScalingFactor freqScalingFactor if configured, otherwise .
The frequency-domain starting position  is defined by

[bookmark: _Hlk88226968]where 

and
-	 is given by the higher-layer parameter StartRBIndex freqScalingFactor if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with

	if the higher-layer parameter EnableStartRBHopping enableStartRBHopping is configured, otherwise .
Editor’s note: the applicability of RPFS to the non-FH case is to be discussed in RAN1




For the flexible slot offset indication, there may exist such cases that for a given triggered SRS resource, the number of configured “t” values is less than the one that can be indicated by this new DCI field. For example, a triggered SRS resource is configured with three “t” values, but the new DCI field is with 2 bits, which can indicate up to 4 values. For this case, the spec should clarify the mapping between these “t” values and the codepoints of the new DCI filed. A simple way to address this issue is that some codepoints of this new DCI field is reserved for this triggered SRS resource, i.e., when these codepoints is indicated by this new DCI field, the triggering offset is determined by Rel-15/16 legacy mechanism. Thus, we have the following proposal:
 Proposal 3: For a given triggered SRS resource, if the number (X) of configured “t” values is less than the number (Y) of codepoints that can be indicated by the new DCI field,  when one of the largest (Y-X) codepoints is indicated by the new DCI field,  the slot for the transmission of this triggered SRS resource is determined by Rel-15/16 mechanism


For the RB-level partial frequency sound, there is a remaining issue whether the RPFS is applicable for non-frequency SRS hopping or not. From our view, the RB-level partial frequency sounding is only used for frequency hopping. For the non-frequency hopping cases, SRS transmitted at the fixed frequency position and the network can select suitable parameters and  are able to achieve the same purpose of RB-level partial frequency sounding. That is to say, RB-level partial frequency sounding cannot offer any new value compared to the current Rel-15 SRS design. 
Proposal 4: Rel-17 doesn’t support RB-level partial frequency sounding for non-frequency SRS hopping cases

SRS antenna switching
Proposal 5: Adopt the following TP3 (highlighted by Yellow) for TS 38.214 to correctly capture RAN1 agreement and fix some typos. 

	TP3 for TS 38.214 (based on CR R1-2112949 [4])

[bookmark: _Toc11352159][bookmark: _Toc20318049][bookmark: _Toc27299947][bookmark: _Toc29673221][bookmark: _Toc29673362][bookmark: _Toc29674355][bookmark: _Toc36645585][bookmark: _Toc45810634][bookmark: _Toc83310219]6.2.1.2	UE sounding procedure for DL CSI acquisition
<omitted text>

For 2T6R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘periodic’, where in the case of one resource set has three SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the resource in the set is associated with a different UE antenna port pair, and
-	For 2T6R, zero or one SRS resource sets configured resourceType in SRS-ResourceSet set to ‘semi-persistent’ if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with ‘semi-persistent’ and up to one SRS resource set configured with ‘periodic’ if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with ‘semi-persistent’ are not activated at the same time.  Each SRS resource set has three SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the resource in the set is associated with a different UE antenna port pair, and
-	For 2T6R, zero or one or two or three SRS resource sets configured with resourceType in SRS-ResourceSet set to ‘aperiodic, where in the case of one resource set has three SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the resource in the set is associated with a different UE antenna port pair. In the case of two resource sets a total of three SRS resources transmitted in different symbols of two different slots, and where the SRS port pair of each SRS resource in the given two sets is associated with a different UE antenna port pair. One set is configured with two SRS resources and another set with one resource. In the case of three resource sets a total of three SRS resources transmitted in different symbols of three different slots, and where the SRS port pair of each SRS resource in the given three sets is associated with a different UE antenna port pair, or
-	For 2T8R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘periodic’, where in the case of one resource set has four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the resource in the set is associated with a different UE antenna port pair, and
-	For 2T8R, zero or one SRS resource sets configured with resourceType in SRS-ResourceSet set to ‘semi-persistent’ if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with ‘semi-persistent’ and up to one SRS resource set configured with ‘periodic’ if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with ‘semi-persistent’ are not activated at the same time. Each SRS resource set has four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the resource in the set is associated with a different UE antenna port pair, and
-	For 2T8R, zero or one or two or three or four SRS resource sets configured with resourceType in SRS-ResourceSet set to ‘aperiodic’, where in the case of one resource set has four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a two SRS ports, and the SRS port pair of the  resource in the set is associated with a different UE antenna port pair. In the case of two resource sets a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port pair of each SRS resource in the given two sets is associated with a different UE antenna port pair. In the case of three resource sets a total of four SRS resources transmitted in different symbols of three different slots, and where the SRS port pair of each SRS resource in the given three sets is associated with a different UE antenna port pair. Two sets are configured with one SRS resource in each set and one resource set is configured with two resources. In the case of four resource sets a total of four SRS resources transmitted in different symbols of four different slots, and where the SRS port pair of each SRS resource in the given four sets is associated with a different UE antenna port pair. Four sets are configured with one SRS resource in each set, or
-	
-	For 4T8R, up to one SRS resource set configured with ‘semi-persistent’ and up to one SRS resource set configured with ‘periodic’ zero or one or two SRS resource set configured with a different value of resourceType in SRS-ResourceSet set to ‘periodic’ or ‘semi-persistent’ if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with ‘semi-persistent’ and up to one SRS resource set configured with ‘periodic’ if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with ‘semi-persistent’ are not activated at the same time. Each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a four SRS ports, and the SRS ports of the resource in the set are associated with a different UE antenna ports, or
-	For 4T8R, zero or one or two SRS resource sets configured with resourceType in SRS-ResourceSet set to ‘aperiodic’, where in the case of one resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a four SRS ports, and the SRS ports of the resource in the set are associated with a different UE antenna ports. In the case of two resource sets a total of two SRS resources are transmitted in different symbols of two different slots, and where the SRS ports of each SRS resource in the given two sets are associated with a different UE antenna ports. 




Conclusions
In this contribution, we discussed remaining issues and potential TPs for Rel-17 SRS enhancement. The proposals are summarized as below:
Proposal 1: Adopt the following TP1 (highlighted by Yellow) for TS 38.214 to align RAN1 and RAN2 specifications. 
Proposal 2: Adopt the following TP2 (highlighted by Yellow) for TS 38.211 to align RAN1 and RAN2 specifications. 
Proposal 3: For a given triggered SRS resource, if the number (X) of configured “t” values is less than the number (Y) of codepoints that can be indicated by this new DCI field,  when one of the largest (Y-X) codepoints is indicated by the new DCI field,  the slot for the transmission of this triggered SRS resource is determined by Rel-15/16 mechanism
Proposal 4: Rel-17 doesn’t support RB-level partial frequency sounding for non-frequency SRS hopping cases
Proposal 5: Adopt the following TP3 (highlighted by Yellow) for TS 38.214 to correctly capture RAN1 agreement and fix some typos. 
[bookmark: _GoBack]
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