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Introduction
There have been many agreements made on SRS in previous meetings. Some of the agreements are copied below for reference.
Agreements:
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource, at least the following is supported:
· Within the resource, each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols 
· FFS for the case with frequency hopping depending on RAN4 LS reply
Agreements:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP
Agreement:
· SRS ports more than 4 per SRS resource is not supported in Rel-15
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

This contribution is revision of R1-1715809; in this contribution we discuss some of the remaining issues. 

Discussion
2.1  Remaining issues of SRS design
Total number of SRS ports
It has been agreed to support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE. Different groups of SRS resources maybe for different purposes. 
For UL CSI acquisition, since up to 4 layers MIMO transmission is supported in UL, one group with one resource with up to 4 ports SRS is sufficient. For DL CSI acquisition in the case of reciprocity based operation, since up to 8 layers MIMO transmission is supported in DL, in principle 8 ports SRS is required. However the UE with 8 TX antennas is not common, 1TX and possibly 2TX UE are common in Rel-15. It was agreed in previous meeting to support antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme. In this sense, up to 2 port SRS is sufficient for DL CSI acquisition. 
For UL beam management one or more groups with multiple SRS resources in each group with 1 port per resource can be configured to an UE. Number of SRS symbols required depends on number of SRS resources which is related to the number of supported beams in UL. 
Proposal 1: for CSI acquisition, total number of 4 ports SRS is sufficient; for UL beam management total number of SRS ports configured to an UE depends on number of supported beams in UL. 

SRS transmission symbols
It has been agreed that an SRS resource spans N=1, 2 or 4 symbols; it has also been agreed that an SRS resource can be configured to occupy a location within at least last 6 OFDM symbols in a slot. One of the motivations for 6 potential symbols for SRS transmission is to allow short PUCCH on last two OFDM symbols and remaining 4 symbols are for SRS. However, location of short PUCCH can be varying, that means SRS symbols in a slot may not be consecutive. An UE can be configured with multiple SRS resources, each resource being mapped on one OFDM symbol. Figure 1 shows an example of three SRS resources mapped on three OFDM symbols, which can be configured to a single UE or multiple UEs. 

Figure 1, SRS resources mapping on non-consecutive OFDM symbols
From UL beam management perspective, when an UE is configured with multiple SRS resources on multiple OFDM symbols (consecutive or non-consecutive), the UE transmits multiple SRS resource using same or different beams depending on UE TX beam sweeping or gNB RX beam sweeping.
From UL CSI acquisition perspective, when an UE is configured with multiple SRS resources on multiple OFDM symbols, there could be two use cases, one is similar to DL class B operation in LTE or UL non-codebook based operation and another is coverage enhancement.  
 
Proposal 2: an UE can be configured with multiple SRS resources mapped on non-consecutive OFDM symbols.

SRS ports/resource multiplexing
It has been agreed to support comb levels 2 and 4 for SRS transmission. It also has been agreed that ZC based sequences shall be used for NR SRS sequence design. Multiple ports of an UE and/or different UEs can be multiplexed within one SRS symbol using different combs and cyclic shits of the sequence. 
In LTE, there is only one SRS symbol in UL subframe except in UpPTS where up to 6 SRS symbols can be configured. In NR, it has been agreed that one SRS resource can span 1, 2 or 4 adjacent symbols that means at least up to 4 symbols in one UL slot can be configured as SRS symbols. However from UL beam management perspective it should be possible to configure all symbols in an UL slot as SRS symbols.  
For CSI acquisition, multiple ports of a SRS resource of an UE can be multiplexed in frequency and code domain within a SRS symbol. It has been agreed that sounding bandwidth is multiple of 4 PRBs, and maximum number of CSs supported for comb level 2 and 4 can be same as in LTE, i.e. 8 and 12. 
For UL beam sweeping, where an UE has multiple analog beams to train, SRS is transmitted in different symbols in time switching manner. gNB configures multiple SRS resources, preferably with small number of ports (e.g. 1 port), to an UE and each resource is mapped to one SRS symbol. Multiple UEs can be multiplexed in frequency domain (using different comb) or in code domain (using different CS).  
Proposal 3: multiple ports of SRS resource of an UE are multiplexed using different combs and/or cyclic shifts within a symbol and maximum number of CSs supported for comb level 2 and 4 can be same as in LTE, i.e. 8 and 12.


SRS transmission bandwidth
It has been agreed to support sounding bandwidth in multiple of 4 PRBs and at least 4 PRBs as SRS sounding bandwidth is supported. It was also agreed to support UE specific configured bandwidth based on tree-like SRS bandwidth sets and support to sound substantially all UL PRBs in a BWP. However, the size of BWP is yet to be decided. Considering BWP size of 100MHz and 30 KHz SCS, in a tree-like SRS bandwidth set a maximum of 256 PRBs occupies 92.16MHz which leave around 8MHz without sounding. In this case, subband (smaller sizes) SRS transmission should be allowed beyond tree-like SRS bandwidth set. An UE can be configured with one or more subbands for SRS transmission occupying arbitrary bandwidth size less than or equal to size of BWP. The configured subbands can consecutive or non-consecutive and the UE should be able to either transmit simultaneously or in hopping manner covering the configured subbands.
Proposal 4: an UE can be configured with consecutive or non-consecutive subbands and the UE is able to either transmit simultaneously or in hopping manner covering the configured subbands.

SRS frequency hopping
LTE supports frequency hopping in subframe level so that the UE can sweep whole bandwidth within certain time period. In NR, symbol level frequency hopping was discussed in RAN1#89 however the decision is pending on RAN4 response. SRS transmission bandwidth can be much smaller than UE supported UL bandwidth or BWP. Similar to LTE, regardless of symbol level frequency hopping is supported or not, slot level frequency hopping should be supported for enabling an UE to sweep whole UL bandwidth or BWP within certain time period. 

Proposal 5: at least slot level frequency hopping is supported for SRS transmission.

SRS activation/triggering
LTE supports periodic and aperiodic SRS transmission in UL. It has been agreed to support periodic, semi-persistent and aperiodic SRS transmission in NR. Periodic SRS which is RRC configured doesn’t require activation or dynamic triggering. 
In RAN1#89, following agreement was made on semi-persistent SRS configuration.
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
The UE behavior within the activation period is same as in periodic SRS transmission. Semi-persistent SRS is useful when an UE has lots data to transmit in UL or DL so that relatively smaller SRS periodicity within activation period may be configured.  It has been discussed whether to use L1 or L2 signaling for activation/deactivation, in our views L2 MAC CE signaling is appropriate for activation/deactivation of semi-persistent SRS unlike aperiodic SRS which is triggered more dynamically.
Since aperiodic SRS is configured without a slot-level periodicity and slot offset, which is analogous to LTE. RRC signaling configures multiple SRS resources (or resource sets) and L1 signaling triggers one or more out of multiple resources. 

Proposal 6: semi-persistent SRS is activated/deactivated by MAC CE signaling and within activated period the UE behavior is same as in periodic SRS transmission 

SRS transmission numerology
Following agreement was made in previous meeting:
· NR to support SRS transmission where the numerology (ies) can be configurable for a UE.
· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)
In wider bandwidth operation AI, it has been agreed that each bandwidth part is associated with a specific numerology and UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant. Thus for SRS transmission an UE can be configured with multiple numerologies at least each corresponding to different bandwidth part. However, simultaneous transmission of multi-numerologies SRS is not supported.
Proposal 7: SRS multiple numerologies can be configured to an UE, however simultaneous transmission of multi-numerology SRS is not supported.

Conclusions
In this contribution we discussed few remaining aspects of SRS and we have following proposals:
Proposal 1: for CSI acquisition, total number of 4 ports SRS is sufficient; for UL beam management total number of SRS ports configured to an UE depends on number of supported beams in UL. 
Proposal 2: an UE can be configured with multiple SRS resources mapped on non-consecutive OFDM symbols.
Proposal 3: multiple ports of SRS resource of an UE are multiplexed using different combs and/or cyclic shifts within a symbol and maximum number of CSs supported for comb level 2 and 4 can be same as in LTE, i.e. 8 and 12.
Proposal 4: an UE can be configured with consecutive or non-consecutive subbands and the UE is able to either transmit simultaneously or in hopping manner covering the configured subbands.
Proposal 5: at least slot level frequency hopping is supported for SRS transmission.
Proposal 6: semi-persistent SRS is activated/deactivated by MAC CE signaling and within activated period the UE behavior is same as in periodic SRS transmission 
Proposal 7: SRS multiple numerologies can be configured to an UE, however simultaneous transmission of multi-numerology SRS is not supported.
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