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1. Introduction

SRS can be used to acquire the uplink and downlink CSI as well as beam information. In RAN1#87 meeting, configuration and transmission of SRS signal was discussed, and flexible resource/numerology configuration was supported for SRS. The agreements were summarized below:
Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)


· Details FFS

· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB
· For SRS transmission for NR, 

· The size of partial-band is configurable and smallest size can be N PRB(s).

· FFS the value of N

· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability

· 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.)

· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)

· FFS on the time duration/frequency span

· A UE can be configured with K ≥ 1 NR-SRS resources

· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K
In this contribution, we further discuss the design of SRS to support CSI and beam measurement for NR.
2. Discussion
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.
It was agreed that K ≥ 1 NR-SRS resources could be configured. The SRS resources can be used to support uplink beam management or different types of SRS transmission (e.g. periodic/aperiodic SRS). For the former use case, different SRS resources can use the same or different beams for Rx or Tx beam determination. M (M ≥ 0) resources out of K SRS resources can be configured for Tx beam management, and other resources for Rx beam management. A beam indication can be signaled to UE based on measurement of the M resources. For aperiodic SRS, one trigger can indicate N SRS transmission with the same or different beams for beam management. gNB can configure the use case of different SRS transmission, and whether the same beam is used.
Proposal 4: gNB can indicate UE whether the same or different beams are used for multiple SRS transmission used for beam management.
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: gNB can indicate UE whether the same or different beams are used for multiple SRS transmission used for beam management.
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