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1. Introduction
In previous RAN1 meeting, the following agreements were achieved with respect to SRS configuration and transmission [1]:
Agreement

For aperiodic SRS, 

· Aperiodic SRS resource(s) are always triggered on a per set basis by DCI.

· A code-point of the SRS request field in DCI can be mapped to one or more SRS resource sets.

Agreement
Both downlink and uplink DCIs contain an SRS request field

Agreement
Group common DCI can be used to trigger aperiodic SRS resource set.

Agreement
SRS request field in DCI to trigger transmission of SRS resource set: 2bits 
Agreement
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

Agreement
Only support TDM between SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in Rel-15 from UE perspective.
In this contribution, we share our views on remaining issues and text proposals on SRS design.
2. Discussion
2.1. SRS configuration

For periodic SRS, one or more SRS resource sets can be configured by RRC signalling. For semi-persistent SRS, one or more SRS resource sets can be configured by RRC signalling, one or more SRS resource sets within RRC configuration can be activated/deactivated by MAC CE. For aperiodic SRS, one or more SRS resource sets can be configured by RRC signalling, one or more SRS resource sets within RRC configuration can be triggered by SRS request field carried in DCI. However, there is no agreement on the minimum granularity of SRS configuration in frequency domain. It was agreed maximum four BWPs are supported for uplink transmission, and only one active BWP at a single time transmission. In order to support UE transmission switching freely among BWPs and reduce power consumption, BWP based SRS resource sets configuration is needed. Multiple SRS resource sets for different usages can be preconfigured for different BWPs. Example of triggering aperiodic SRS is depicted in Figure 1.
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Figure1: Example of triggering aperiodic SRS
Not only for BWP operation, but also for SUL and non-SUL transmission scenario, carrier based SRS resource sets configuration also should be additionally introduced, as non-SUL transmission can be indicated dynamically and simutanous SUL and non-SUL carrier transmission is supported.

Proposal 1:
· SRS resource sets configuration is per BWP per SUL/non-SUL per cell by higher layer signaling.
It was agreed beam indication for SRS resources are configured by higher layer, and a SRS resource is associated with a CRI or SSB index or periodic SRS resource. For periodic and aperiodic SRS beam indication, similar solutions as periodic and aperiodic CSI-RS beam indication are supported. However, for semi-persistent SRS beam indication, there is no clear-cut resolution. For semi-persistent SRS, one or more SRS resource sets can be activated or deactivated by MAC CE. One solution for semi-persistent SRS beam indication is similar to aperiodic SRS beam indication, association between SRS resource and reference RS is configured by higher layer, MAC CE only activates or deactivates one or more SRS resource sets. Another solution is similar to semi-persistent CSI-RS beam indication, association between SRS resource and reference RS can be configured by MAC CE. Due to delay of higher layer signaling, the later solution can support more timely and flexible beam indication.
Proposal 2:

· For semi-persistent SRS beam indication, association between a SRS resource and a CRI or SSB index or a periodic SRS resource can be configured by MAC CE.
For aperiodic CSI-RS trigger, linkage between CSI-RS resource set and CSI-RS resource configuration field is clearly defined. Aperiodic CSI-RS trigger offset value is also supported for dynamically indicating. Same mechanisms can be applied for aperiodic SRS. Linkage between SRS resource sets and SRS request field should be configured by higher layer, one SRS request codepoint can be associated to one or more SRS resource sets. Aperiodic SRS transmission offset value also can be introduced.
For aperiodic SRS transmission in SUL scenario, as SUL carrier transmission can be indicated dynamically by DCI and simultaneous SUL and non-SUL transmission are supported. SRS request field for non-SUL can be reused for SUL indication, but each SRS trigger state can be associated with different SRS resource sets for non-SUL and SUL respectively.

Proposal 3:
· For aperiodic SRS,

· Association between SRS resource sets and aperiodic SRS trigger state are configured by higher layer.
· One SRS trigger state can be associated to one or more SRS resource sets.
· Aperiodic SRS transmission offset value is configured by higher layer.
· SRS request field for non-SUL can be reused for SUL.
2.2. SRS switching

To prevent UE power consumption in wideband operation scenario, BWP was introduced in NR. However, when transmission switching among BWPs, this restriction of only one BWP is activated may lead to low efficiency due to tardy CSI measurment. Besides, in TDD system, when different uplink and downlink BWPs are configured by higher layer, measurement on an inactive BWP to acquire downlink BWP CSI is also required. Consequently, SRS switching among BWPs can be considered in NR.
For SRS switching among BWPs or between SUL and non-SUL carriers, aperiodic SRS transmission within an active/inactive BWP or SUL/non-SUL carrier can be triggered by SRS request field in DCI.
Not only SRS switching can be applied for BWP switching transmission scenario, but it also can be applied for SUL transmission scenario. SRS can sound between non-SUL carrier and LTE carrier to acquire full CSI.
For SRS switching among BWPs or between SUL and non-SUL carriers, aperiodic SRS transmission within an active/inactive BWP or SUL/non-SUL carrier can be triggered by SRS request field in DCI.
Proposal 4:
· SRS switching among BWPs are supported in NR.

It was agreed in RAN4 SRS can be sent on consecutive symbols on a same antenna port. For SRS sounding different antenna ports, RAN4 had agreed that antenna switching time is 15usec. NR also supports different subcarrier spaces can be configured for different band, and symbol lengths for different subcarrier spaces are different. Consequently, for different subcarrier spaces, different guard symbols for SRS switching should be configured by higher layer. 
Proposal 5:
· The following guard symbols configuration in table 1 can be applied for SRS switching.
Table1: Guard symbols for SRS switching
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D

(kHz)
	Approximate Symbol length(usec)
	Guard symbols

	0
	15
	71.43
	0/1

	1
	30
	35.71
	1

	2
	60
	17.86
	1

	3
	120
	8.93
	2

	4
	240
	4.64
	3

	5
	480
	2.32
	7


2.3. SRS for SUL

2.4. Multiplexing between SRS and other UL channels
If SRS switching among BWPs or between SUL and non-SUL carrier is supported, simultaneous transmission SRS in an inactive BWP or a SUL carrier and other UL channels/RSs in an active BWP or a non-SUL carrier respectively may lead to power control and power ramping problems. To prevent these problems, when SRS is configured in an inactive BWP or a SUL carrier and other uplink channels/RSs transmission in an active BWP or a non-SUL carrier respectively are collided, the following dropping rules should be predefined.

· A UE is not expected to be configured with SRS in an inactive BWP or a SUL carrier and PUSCH/UL DMRS/UL PTRS/Long PUCCH in the same symbol in an active BWP or a non-SUL carrier respectively.

· A UE is not expected to be configured with aperiodic SRS in an inactive BWP or a SUL carrier and short PUCCH with aperiodic CSI report in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE shall not transmit semi-persistent/periodic SRS in an inactive BWP or a SUL carrier when short PUCCH carrying only CSI reports are transmitted in the same symbol(s) in an active BWP or a non-SUL carrier respectively.

· A UE shall not transmit semi-persistent/periodic short PUCCH carrying semi-persistent/periodic CSI report only in an inactive BWP or a SUL carrier when semi-persistent/periodic SRS are configured in the same symbol(s) in an inactive BWP/a non-SUL carrier respectively.

· A UE shall not transmit aperiodic SRS in an inactive BWP or a SUL carrier when short PUCCH carrying beam failure recovery request is transmitted in the same symbol(s) in an active BWP or a non-SUL carrier respectively.

· A UE shall not transmit periodic SRS in an inactive BWP or a SUL carrier when semi-persistent/aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with periodic SRS in an inactive BWP or a SUL carrier and periodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE shall not transmit semi-persistent SRS in an inactive BWP or a SUL carrier when aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with semi-persistent SRS in an inactive BWP or a SUL carrier and semi-persistent SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with aperiodic SRS in an inactive BWP or a SUL carrier and aperiodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
Proposal 6:
· A UE shall not transmit periodic SRS in an inactive BWP or a SUL carrier when semi-persistent/aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with periodic SRS in an inactive BWP or a SUL carrier and periodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE shall not transmit semi-persistent SRS in an inactive BWP or a SUL carrier when aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with semi-persistent SRS in an inactive BWP or a SUL carrier and semi-persistent SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with aperiodic SRS in an inactive BWP or a SUL carrier and aperiodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
Based on above discussion, in high frequency band, a few guard symbols are needed for SRS switching. But in low frequency band, guard symbols may not be needed. Therefore, SRS switching duration should be taken into account to prevent collision between SRS and other UL channels transmission/RSs. 

Proposal 7:
· SRS switching duration should be taken into account when SRS transmission is collided with other channels/RSs.
3. Discussions on text proposals
In LTE SRS share the same port as DMRS, however SRS can be used for code-book based transmission, non-codebook based transmission, beam management and beam switching in NR. Linkage between DMRS and SRS may not exist. Consequently, separate SRS port definition should be introduced.
Proposal 8: 
· Text proposals for SRS sequence generation in 38.211 v15.0.0 section 6.2 and 6.4.1.4.1.
------------------------------Start text proposal---------------------------------

The following antenna ports are defined for the uplink:

-
Antenna ports starting with 1000 for demodulation reference signals associated with PUSCH

-
Antenna ports starting with 2000 for demodulation reference signals associated with PUCCH
-
Antenna ports starting with 3000 for SRS
-
Antenna port 4000 for PRACH
An SRS resource consists of

-
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, given by the higher layer parameter NrofSRS-Ports
------------------------------End text proposal---------------------------------

For SRS sequence generation, as SRS transmission bandwidth is dynamically configured, there is no need to define sequence length. For SRS sequence hopping formula, a tiny error is modified.

Proposal 9:
· Text proposals for SRS sequence generation in 38.211 v15.0.0 section 6.4.1.4.2.
------------------------------Start text proposal---------------------------------

The sounding reference signal sequence for an SRS resource shall be generated according to
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...
-
if SRS-GroupSequenceHopping equals two, sequence hopping but not group hopping shall be used and 
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------------------------------End text proposal---------------------------------

For SRS frequency hopping, additional descriptions as LTE should be added to make the formula more clearly. 
Proposal 10:
· Text proposals for SRS sequence generation in 38.211 v15.0.0 section 6.4.1.4.3.
------------------------------Start text proposal---------------------------------
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 is given by Table 6.4.1.4.3-1,
------------------------------End text proposal---------------------------------

For SRS switching among CCs, same mechanism as LTE is reused. However, higher layer SRS configuration is per CC, which is different than LTE. The following descriptions in 38.213 v15.0.0 section 11.3 should be modified.

‘For a serving cell where a UE is not configured for PUSCH/PUCCH transmission or for a serving cell where higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions, DCI format 2_3 includes one block of bits for {SRS request, TPC command, … TPC command} fields for the UE if the UE is configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group where the SRS request field applies to a set of serving cells provided by higher layer parameter cc-SetIndex and each TPC command applies to a respective serving cell index provided by higher layer parameter cc-IndexInOneCC-Set. Otherwise, if the UE is configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group, DCI format 2_3 includes one or more blocks of bits for {SRS request, TPC command} as described in [5, TS 38.212] where each block applies to a serving cell. The SRS request field  is not present if a value of higher layer parameter fieldTypeFormat2_3 is 0; otherwise, the SRS request field is present in DCI format 2_3. 

A UE configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group is provided by higher layer parameter srs-CC-SetIndexlist a number of sets of serving cells without PUSCH/PUCCH transmission. For each set of serving cells, the UE is provided an index for the set by higher layer parameter cc-SetIndex and an index for each serving cell in the set by higher layer parameter cc-IndexInOneCC-Set.’ 

Proposal 11:
· Descriptions of SRS switching among CCs in 38.213 v15.0.0 section 11.3 may be needed to modify and SRS request field should be captured in 38.212.
In 38.211 v15.0.0 section 6.4.1.4.2, the description about SRS group and sequence hopping is as following,
-
if SRS-GroupSequenceHopping equals zero, neither group, nor sequence hopping shall be used and 
…
-
if SRS-GroupSequenceHopping equals one, group hopping but not sequence hopping shall be used and 
…
-
if SRS-GroupSequenceHopping equals two, sequence hopping but not group hopping shall be used and
…
The description of SRS group and sequence hopping is confused in 38.214 v15.0.0 section 6.2.1, sight changes need to be made to make the description more accuracy.
Proposal 12:
· Text proposals for UE sounding procedure in 38.214 v15.0.0 section 6.2.1.
------------------------------Start text proposal---------------------------------

If a UE is configured with the higher layer parameter SRS-GroupSequenceHopping with value 1 or 2, the UE shall apply SRS sequence-group hopping or sequence hopping respectively in every symbol.  

------------------------------End text proposal---------------------------------

4. Conclusion
In this contribution, remaining issues on SRS are discussed with the following proposals:
Proposal 1:
· SRS resource sets configuration is per BWP per SUL/non-SUL per cell by higher layer signaling.

Proposal 2:

· For semi-persistent SRS beam indication, association between a SRS resource and a CRI or SSB index or a periodic SRS resource can be configured by MAC CE.

Proposal 3:
· For aperiodic SRS,

· Association between SRS resource sets and aperiodic SRS trigger state are configured by higher layer.

· One SRS trigger state can be associated to one or more SRS resource sets.

· Aperiodic SRS transmission offset value is configured by higher layer.

· SRS request field for non-SUL can be reused for SUL.
Proposal 4:
· SRS switching among BWPs are supported in NR.

Proposal 5:
· The following guard symbols configuration in table 1 can be applied for SRS switching.

Table1: Guard symbols for SRS switching
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(kHz)
	Approximate Symbol length(usec)
	Guard symbols

	0
	15
	71.43
	0/1

	1
	30
	35.71
	1

	2
	60
	17.86
	1

	3
	120
	8.93
	2

	4
	240
	4.64
	3

	5
	480
	2.32
	7


Proposal 6:
· A UE shall not transmit periodic SRS in an inactive BWP or a SUL carrier when semi-persistent/aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with periodic SRS in an inactive BWP or a SUL carrier and periodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE shall not transmit semi-persistent SRS in an inactive BWP or a SUL carrier when aperiodic SRS is configured in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with semi-persistent SRS in an inactive BWP or a SUL carrier and semi-persistent SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
· A UE is not expected to be configured with aperiodic SRS in an inactive BWP or a SUL carrier and aperiodic SRS in the same symbol in an active BWP or a non-SUL carrier respectively.
Proposal 7:
· SRS switching duration should be taken into account when SRS transmission is collided with other channels/RSs.
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