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1. Introduction

SRS can be used to acquire the uplink and downlink CSI as well as beam information. In RAN1#88 meeting, SRS for UL beam management and UL-MIMO scheduling was discussed with multiple transmission schemes. The agreements were summarized below:
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI
Agreements:

· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:

· Single SRS resource based 

· Multiple SRS resource based 

· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.

Agreements:
· NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol 
· FFS details
· NR supports frequency hopping within a partial-band for a UE
· At least hopping with a granularity of subband
· FFS other cases
· FFS SRS hopping among partial-bands
Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder

· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
In this contribution, we further discuss the design of SRS to support CSI acquirement and beam measurement for NR considering flexibility and overhead.
2. Discussion
2.1. Flexibility of SRS transmission
In NR, a slot can be used to transmit uplink data and possible control information (so-called UL-centric slot), or downlink data and possible control information (so-called DL-centric slot). To acquire uplink CSI and beam information, it is straightforward that SRS can be transmitted in a UL-centric slot. For a gNB with channel reciprocity, SRS can also be exploited to reduce the CSI feedback overhead and improve the CSI accuracy. However, for a UE with heavy downlink traffic, there are few UL-centric slots and SRS transmission opportunities, which are insufficient to support reciprocity based DL transmission. Since the duplex can be more flexible in a NR slot, it is preferred that SRS transmission is also allowed in a DL-centric slot, e.g. before or after the UL control part in a DL-centric slot.
Proposal 1: SRS can be scheduled in UL-centric slot and DL-centric slot.
Aperiodic SRS is supported in NR to improve the resource efficiency and scheduling flexibility. SRS can be triggered once uplink CSI or downlink CSI or beam management information is required. The design of aperiodic SRS should be flexible enough to meet different requirements and improve the resource efficiency. It would be beneficial if the time/frequency/code resources of aperiodic SRS can be explicitly or implicitly indicated via dynamic signaling or combination of RRC and PHY signaling. For example, at least one of SRS transmission bandwidth, the timing between triggering and SRS transmission and the number/resource of SRS shots for one trigger can be dynamically configured for one UE.
Proposal 2:  Flexible aperiodic SRS transmission is supported, e.g. flexible resource, timing and shots.

In LTE, PUSCH is rate-matched and shortened PUCCH is used in cell-specific SRS subframes. If similar periodic SRS subframes are reused in NR and always reserved, the resource efficiency would be very low since periodic SRS is not needed for many NR UEs. Aperiodic SRS can be widely adopted in NR to trigger SRS on need in configured specific resources to improve resource efficiency. Only the SRS resources used for practically scheduled aperiodic SRS transmission are needed to be reversed during PUSCH/PUCCH RE mapping without wasted resources. Since the aperiodic SRS is dynamically triggered, the reserved SRS resources (e.g. OFDM symbol(s) used for aperiodic SRS of other UEs) should also be dynamically indicated to UE with PUSCH/PUCCH transmission in corresponding SRS bandwidth.
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Fig.1 Flexile aperiodic SRS and resource reservation
Proposal 3: Dynamic indication of reserved SRS resources should be supported.
2.2. SRS for beam management
SRS can be exploited to acquire UL precoding information and channel quality, and the channel quality of different beams can be used for UL beam management. In the past meeting, it was agreed that the beams for SRS could be either gNB-transparent or indicated by gNB. It is FFS whether single SRS resource based or multiple resources based or both are adopted for SRS to assist data scheduling. To support UL scheduling and beam management, at least the following two options can be considered for SRS resource configuration of one type of SRS (periodic/aperiodic/semi-persist SRS):
· Option 1: N SRS resources are configured for both UL scheduling and beam management with the same number of antenna ports (n) which can be larger than 1
· Option 2: M SRS resource(s) are configured for beam management and P resource(s) for UL scheduling which can be configured with different number of antenna ports from the M resource(s)
For Option 1, each of the N resources can use one Tx/Rx beam and gNB could schedule data based on the SRS with the best receiving quality. The number of antenna port n is equal to the UL transmission port. For option 2, two step SRS could be applied. Each of the M resources can use one Tx/Rx beam and one SRI could be indicated to UE based on measurement on the M resources. The M resource(s) can be configured with a small value of antenna port m for beam measurement (e.g m=1). The P resource(s) can be transmitted based on the beam according to SRI with the number of SRS ports p equal to the UL transmission ports. Comparing the two options, Option 2 needs less total SRS ports when the number of UL transmission ports is larger than 1 (assuming m=1), with similar overhead when the transmission port is equal to 1. Considering the SRS overhead, we propose to support independent SRS resources for beam management and UL scheduling and apply two step SRS as proposal 4. To support multiple SRS resources for beam management, similar mechanism as discussed in [1] for CSI-RS can be considered for TDM based SRS multiplexing, and one example is shown in Fig.2.
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Fig.2 Multiple SRS resources based on larger subcarrier spacings
Proposal 4: Two types of SRS resources are configured by gNB:

· SRS resource(s) for beam management
· Single port per resource
· One TX beam per resource
· Whether different resources use the same or different beam is configured by gNB
· The specific TX beams used by UE are transparent to gNB (Alt.1)
· SRS resource(s) for CSI acquirement
· Support multiple ports per resource
· The TX beam is derived from SRI in recently detected DCI (Alt.2)
· The port of the resource is defined as “SRS transmission port” associated with PUSCH which can be used to determine the UL codebook and frequency selective precoding
· The SRS transmission ports can’t be transparently selected by UE
Precoded SRS with the same or different precoding was agreed for UL beam management. The UE can be configured to transmit M resources out of K SRS resources with no precoding, the same or different precoding. When the M SRS resources are precoded using different precoding, a SRI can be signaled to UE based on measurement of the M resources. For consistent procedure between gNB and UE, gNB should indicate UE whether no precoding, the same or different precoding is used for each configured SRS resource. For aperiodic SRS, multi-shot SRS can be supported to trigger N SRS transmission via one trigger. The N SRS transmission can use the same or different precoding for Rx and/or Tx beam management. At least for Rx beam management, the N SRS transmission can be transmitted in different OFDM symbols. gNB can flexibly trigger this type of multi-shot SRS when beam updating is needed for UL Tx or Rx beam. This can improve the resource efficiency compared to periodic and semi-persistent SRS.
Proposal 5: UL Tx and/or Rx beam management via one trigger of multi-shot aperiodic SRS is supported.
3. Conclusions
In this contribution, we discuss the design of SRS signal for channel and beam measurement. The proposals are summarized below.
Proposal 1: SRS can be scheduled in UL-centric slot and DL-centric slot.
Proposal 2:  Flexible aperiodic SRS transmission is supported, e.g. flexible resource, timing and shots.
Proposal 3: Dynamic indication of reserved SRS resources should be supported.
Proposal 4: Two types of SRS resources are configured by gNB:

· SRS resource(s) for beam management
· Single port per resource
· One TX beam per resource
· Whether different resources use the same or different beam is configured by gNB
· The specific TX beams used by UE are transparent to gNB (Alt.1)
· SRS resource(s) for CSI acquirement
· Support multiple ports per resource
· The TX beam is derived from SRI in recently detected DCI (Alt.2)
· The port of the resource is defined as “SRS transmission port” associated with PUSCH which can be used to determine the UL codebook and frequency selective precoding
· The SRS transmission ports can’t be transparently selected by UE
Proposal 5: UL Tx and/or Rx beam management via one trigger of multi-shot aperiodic SRS is supported.
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