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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last meeting [1], some detailed issues for SRS have been discussed. However, there are still some remaining issues for SRS according to current version of TS, i.e., TS 38.211 v15.0.1 [2], TS 38.212 v15.0.1 [3] and TS 38.214 v15.0.1 [4]. In this contribution, we provide the summary of remaining details of SRS design. 
[bookmark: _Ref129681832]Summary of incorrectly captured agreements
Text Proposal on Rel.15 TS 38.214 v15.0.1 Section 6.2.1.1
In TS 38.214 v15.0.1 Section 6.2.1.1, the frequency hopping of SRS is introduced. However, the frequency hopping of PUSCH should be in Section 6.3. 
	Text proposals for TS 38.214 v15.0.1 Section 6.2.1.1
< Unchanged parts are omitted >


A UE may be configured 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 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.
When transform precoding is enabled for PUSCH transmission, the UE shall perform, at least for the 14-symbol slot, PUSCH frequency hopping [if the frequency hopping field in the corresponding detected PDCCH DCI format is set to 1]; otherwise no PUSCH frequency hopping is performed.
< Unchanged parts are omitted >



Discussions of Remaining Issues in Rel-15
Discussions on aperiodic SRS trigger time offset and Text Proposal on Rel.15 TS 38.214 v15.0.1 Section 6.2.1 
In RAN1#91 [5], the table for slot-level periodicity and offset configuration was agreed for periodic and semi-persistent SRS. For aperiodic SRS transmission, it is necessary to define the timing relationship between SRS triggers and SRS transmissions. In LTE, when a positive SRS trigger in subframe n is detected, the UE transmits SRS in the first subframe satisfying[image: ], SRS periodicity and offset conditions. However, in NR, as agreed in RAN1#89, the SRS resource is configured without a slot-level periodicity and slot offset.  Therefore, NR needs to re-define the timing relationship between SRS trigger and SRS transmission.  
For CSI-RS, when aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. Therefore, similar higher layer parameter can be defined for each aperiodic SRS resource set to determine the slot-level time offset between SRS request and SRS transmission. In particular, if the DCI with SRS request is transmitted in slot n, the UE can transmit the triggered SRS resource set in slot n+k, where k is configured by higher layer parameter. For the SRS resource set with SRS-SetUse set to ‘non-codebook’, it was agreed that SRS should be transmitted X symbols after associated aperiodic CSI-RS, and therefore the slot-level time offset discussed above is not necessary for this case. The detailed discussion can be found in [6].
Moreover, for SRS antenna switching for UE with 1T4R, 4 and 3 symbols are needed for SRS transmission and guard period, respectively. Therefore, the last 6 symbols in one slot are not enough for 1T4R SRS antenna switching, and inter-slot antenna switching should be supported for this case. One solution is that the UE transmit the first two SRS resources in slot n+k and the rest two SRS resources in slot n+k+1.
Proposal 1: NR supports to configure the slot-level offset between the SRS request and the transmission of SRS resource set by higher layer parameter for the following cases:
· SRS-SetUse is configured as “beamManagement”
· SRS-SetUse is configured as “codebook”
· SRS-SetUse is configured as “antennaSwitching”
· SRS-SetUse is configured as “nonCodebook” and the SRS is associated with periodic/semi-persistent CSI-RS.
Proposal 2: NR supports aperiodic SRS antenna switching for 1T4R by two adjacent slots.
	Text proposals for TS 38.214 v15.0.1 Section 6.2.1
< Unchanged parts are omitted >
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 in slot n based activation command where a codepoint of the DCI may activate one or more SRS resource set(s). If the SRS resource set with four SRS resources is configured with higher layer parameter SRS-SetUse set to ‘antenna switching’, the UE shall commence transmission of the first two SRS resources in the activated SRS resources set in slot n+k, and commence transmission of the rest two SRS resources in the activated SRS resources set in slot n+k+1, where k is configured by higher layer parameter AperiodicSRS-TriggeringOffset. Otherwise, UE shall commence transmission of the activated SRS resources set in slot n+k.
-	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, 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. 
 < Unchanged parts are omitted >



Discussions on SRS symbol-level configuration and Text Proposal on Rel.15 TS 38.211 v15.0.1 Section 6.4.1.4.1
In RAN1#91[1], it was agreed that SRS-ResourceMapping is used to capture time domain start position in terms of OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (1, 2, or 4 per SRS resource), and also includes repetition factor (1, 2, or 4) indicating number of OFDM symbols within an SRS resource where the subcarrier mapping is repeated across symbols. For symbol-level configuration, the following design principle should be guaranteed:
1. 
Starting position offset in the time domain  
2. 
Symbol number  
3. 
SRS repetition factor 
4. 

5. 

The principle 1, 2 and 5 are captured in TS 38.211 v15.0.1. However, principle 3 and 4 should also be considered in the specification. 



Proposal 3: The configuration of SRS starting position offset , symbol number  and repetition factor  should satisfy the following principles
· 
SRS repetition factor 
· 

	Text proposals for TS 38.211 v15.0.1 Section 6.4.1.4.1 
< Unchanged parts are omitted >
An SRS resource consists of



-	 antenna ports , , given by the higher layer parameter NrofSRS-Ports

-	 consecutive OFDM symbols contained in the higher layer parameter SRS-ResourceMapping




-	, the starting position in the time domain given by  where the offset counts symbols backwards from the end of the slot and is contained in the higher layer parameter SRS-ResourceMapping, where 

-	, the frequency-domain starting position of the sounding reference signal

-     , the repetition factor, indicating number of OFDM symbols within an SRS resource where the subcarrier mapping is repeated across symbols.
< Unchanged parts are omitted >




Discussions on SRS antenna switching and Text Proposal on Rel.15 TS 38.214 v15.0.1 Section 6.2.1.2
In TS 38.214 v15.0.1 [4], it is defined that when UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a SRS resource set, the UE can be configured with two or four SRS resources within the resource set, and the SRS ports for each resource are associated with different UE antenna ports or UE antenna pair. However, the detailed relation between SRS port and UE antenna port is not defined. 
In order to guarantee DL CSI acquisition based on SRS antenna switching, UE should at least keep the same association between SRS ports of each SRS resource and UE antenna ports during the transmission of the SRS resource set. 
Proposal 4: For SRS antenna switching, UE should keep the same association between SRS ports of each SRS resource and UE antenna ports during the transmission of the SRS resource set.
Furthermore, in TS 38.214 v15.0.1 Section 6.2.1.2, Y symbols are defined as the guard period for SRS antenna switching. However, in the agreement in RAN1 NRAH #4 and title of Table 6.2.1.2-1, Y is defined as the minimum guard period. It is enough to limit the minimum guard period for SRS antenna switching. 
	Text proposals for TS 38.214 v15.0.1 Section 6.2.1.2 
< Unchanged parts are omitted >
When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or
-	SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or
-	SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,
and a guard period where UE does not transmit any other signal of at least Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot. The association between SRS ports of each SRS resource and UE antenna ports should not change within the SRS resource set.
< Unchanged parts are omitted >



SRS carrier switching
Some remaining details/clarifications are discussed in [7] for SRS carrier-based switching and in [8] for SRS carrier-based switching involving SUL, and text proposals are provided. 
In Rel-14, it is supported that A/N, SR, RI/PTI/CRI, PRACH > Rel-14 A-SRS > other A-periodic CSI > Rel-14 P-SRS > other CSI > Legacy SRS. This can be largely reused, with further consideration of SP-SRS, SP CSI, new CSI reporting quantities (e.g., L1-RSRP, SSBRI), new PUCCH transmissions (e.g., PUCCH carrying beam failure request), and other SRS related designs already introduced in NR Rel-15.
Proposal 5: For SRS carrier-based switching collision handling, support
· SSBRI, PUCCH-BFR > SRS
· A-SRS > PUCCH0/2-CSI/RSRP > SP/P-SRS
· P CSI and SP CSI have the same priority for collision handling with SRS switching.
In LTE Rel-14, switching-from CC is configured by serving cell index. However, switching-from uplink carrier should be defined further when serving cell with SUL carrier is the switching-from CC to avoid misunderstanding between gNB and UE about the RF retuning time associated with SRS switching.
[bookmark: _GoBack]Proposal 6: In the case that switching-from carrier is from a serving cell configured with SUL, the switching-from uplink carrier is configured by srs-SwitchFromServCellIndex and an indication of SUL or non-SUL in RRC signalling. Send LS to RAN2 once this proposal is agreed. 
Conclusions
Based the discussions above, we have the following proposals:
Proposal 1: NR supports to configure the slot-level offset between the SRS request and the transmission of SRS resource set by higher layer parameter for the following cases:
· SRS-SetUse is configured as “beamManagement”
· SRS-SetUse is configured as “codebook”
· SRS-SetUse is configured as “antennaSwitching”
· SRS-SetUse is configured as “nonCodebook” and the SRS is associated with periodic/semi-persistent CSI-RS.
Proposal 2: NR supports aperiodic SRS antenna switching for 1T4R by two adjacent slots.



Proposal 3: The configuration of SRS starting position offset , symbol number  and repetition factor  should satisfy the following principles
· 
SRS repetition factor 
· 

Proposal 4: For SRS antenna switching, UE should keep the same association between SRS ports of each SRS resource and UE antenna ports during the transmission of the SRS resource set.
Proposal 5: For SRS carrier-based switching collision handling, support
· SSBRI, PUCCH-BFR > SRS
· A-SRS > PUCCH0/2-CSI/RSRP > SP/P-SRS
· P CSI and SP CSI have the same priority for collision handling with SRS switching.
Proposal 6: In the case that switching-from carrier is from a serving cell configured with SUL, the switching-from uplink carrier is configured by srs-SwitchFromServCellIndex and an indication of SUL or non-SUL in RRC signalling. Send LS to RAN2 once this proposal is agreed. 
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