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Introduction
In RAN1#86bis, the following agreement on UL RS (sounding reference signal) was made [1]:
	Agreements:
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· …

Agreements:
· At least one of precoded and non-precoded SRS based UL link adaptation procedure should be supported in NR, with at least following different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE
· Configurable number of SRS ports are 1, 2, 4, or [8]. Other possible numbers FFS.
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE
· Configurable number of SRS ports are 1, 2, or 4. Other possible numbers FFS.
· Multiple precoded SRS resources (if supported) can be configured.
· At least one of the following is supported
· Precoder for SRS can be determined by UE based on measurement on DL RS and 
· Precoder for SRS can be indicated by gNB
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
· Note: Some parts of above procedures might be transparent to UE
· FFS: UE may select a subset of SRS ports for SRS transmission




In LTE, sounding reference signal (SRS) is designed to enable UL CSI acquisition at the eNB for the purpose of PUSCH link adaptation and scheduling. When DL-UL reciprocity is feasible (e.g. for TDD scenarios), SRS can also be used for DL CSI acquisition. For instance, specification support for CSI reporting without PMI can be found for LTE.
This contribution discusses some potential differences from LTE that need to be taken into account when designing NR-SRS. This is discussed in section 2. Building on the above agreements, design principles for NR-SRS are proposed in section 3.  

NR-SRS: comparison with LTE SRS
1 
2 
Compared to LTE SRS, the design of NR-SRS can be different at least for the following reasons:
1. Since CP-OFDM has been chosen as an UL waveform for NR (for both single- and multi-stream transmissions), CSI-RS and SRS designs can become more symmetric. This design can also be used for DFT-S-OFDM based UL transmission.  
2. As flexible TDD becomes even more relevant for NR (along with other features such as self-contained subframe), the use of NR-SRS for aiding DL CSI acquisition should not be treated as an auxiliary design requirement.  
3. As UE-side beamforming becomes more relevant for NR (e.g. to ensure that the coverage/penetration of NR-SRS is sufficient), NR-SRS should be designed to enable UE-side beamforming. Although UE-side beamforming can be transparent to the gNB, some specification support may be needed. For instance, for >6GHz scenarios, beam sweeping operation can be used for NR-SRS for UL CSI acquisition. In this case, the transmission of NR-SRS over multiple consecutive (OFDM) symbols should be made possible.
4. Configurability of NR-SRS, such as frequency density or pattern, is important to ensure that NR-SRS can address various deployment scenarios.
At the same time, some features from LTE SRS remain important for NR-SRS. Some of these features are:
1. Aperiodic NR-SRS transmission: This feature allows the gNB to minimize transmissions of ‘always-on’ signals. 
2. Possibility to perform partial-bandwidth sounding 

Observation: Comparing LTE SRS with NR NR-SRS, the following should be inherited from LTE SRS: 
· SRS commonality for  CP-OFDM- and DFT-S-OFDM-based waveforms, increasing relevance of TDD, UE-side beamforming especially for >6GHz, and configurable patterns
· Useful features inherited from LTE include aperiodic transmission and possibility of partial-bandwidth sounding

[bookmark: _Ref463008722]NR-SRS: design principles
3 
Based on the above observations, NR-SRS should be designed with the following principles.
First, in terms of CSI acquisition, NR-SRS supports basic functionalities of LTE SRS. This includes enabling UL CSI calculation at gNB and, when applicable, DL CSI calculation at gNB. The second function holds for scenarios when DL-UL reciprocity can be assumed (e.g. TDD). 
Second, NR-SRS should be designed by taking into account the quality of DL CSI acquisition for scenarios with DL-UL reciprocity. While this feature is an add-on for TD-LTE, it becomes more important for NR especially for newly released frequency bands (many of which are TDD). In addition, UE-side beamforming, including beam sweeping (also instrumental for beam management), should also be accommodated in NR-SRS design, especially for >6GHz scenarios.
Third, considering many similarities (symmetry) between UL and DL, RAN1 should strive for a common design framework between NR-SRS and DL CSI-RS. 
One common design requirement is the capability of “multi-beam” NR-SRS analogous to LTE Class B eMIMO-Type with K>1 NZP CSI-RS resources. This feature facilitates UE-side beamforming on NR-SRS which is instrumental for >6GHz scenarios (especially when used with UL beam sweeping). This can be supported when an NR-SRS configuration is associated with K≥1 NR-SRS resources (“beams”) where the k-th resource is configured with Nk ports. 
Since NR-SRS configuration will be UE-specific, differentiating between “non-precoded” and “beamformed”/”precoded” NR-SRS doesn’t seem necessary. The precoding applied to NR-SRS can be made transparent to the gNB. 
To this end, at least two features should be enabled. First, to facilitate a highly-directional sounding, the gNB can request the UE to transmit NR-SRS only along one of the K “beams”. Second, to facilitate broad sounding and possibly UE-side beam management, beam sweeping (across K “beams”) needs to be supported. This transmission function can be signaled dynamically, e.g. via an UL-related DCI.    
Moreover, the support of aperiodic and periodic CSI-RS transmissions is also important for both DL CSI-RS and NR-SRS. In addition, the support of semi-persistent (“multi-shot”) SRS can also be considered. 
Lastly, using same/similar OFDM-based designs with configurable patterns (including RS transmission bandwidth) for both CSI-RS and NR-SRS should be considered. When considered with periodic/aperiodic NR-SRS transmission, configurable NR-SRS patterns can be used not only to accommodate various deployment scenarios, but also to minimize ‘always-on’ transmissions. For example, higher-resolution NR-SRS can be used in conjunction with aperiodic transmission while periodic CSI-RS transmission only supports lower-resolution NR-SRS. In this case, periodic NR-SRS is only used for link maintenance.

Proposal: NR-SRS is designed with the following principles:
· CSI acquisition functionalities analogous to LTE SRS 
· UL CSI calculation at gNB
· When applicable (e.g. operations with DL-UL reciprocity), DL CSI acquisition at gNB
· Taking into account at least the following criteria:
· High-quality DL CSI acquisition for scenarios with DL-UL reciprocity
· UE-side beamforming especially for >6GHz scenarios 
· Capability of “multi-beam” NR-SRS analogous to LTE Class B K≥1 mechanism
· An NR-SRS configuration is associated with K≥1 NR-SRS resources (“beams”)
· Differentiating “non-precoded” from “beamformed”/”precoded” NR-SRS is unnecessary
· When K>1, enable UE to transmit NR-SRS only on 1 “beam” or sweeping across K “beams”
· At least aperiodic and periodic NR-SRS transmissions
· Same/similar designs between NR-SRS and DL CSI-RS with configurable patterns (including RS transmission bandwidth) 

4 Conclusions
In this contribution, Samsung’s view on high-level NR-SRS (analogous to LTE SRS) design for new radio interface (NR) is presented. Compared to LTE SRS, the following observation is made: 
· SRS commonality for  CP-OFDM- and DFT-S-OFDM-based waveforms, increasing relevance of TDD, UE-side beamforming especially for >6GHz, and configurable patterns
· Useful features inherited from LTE include aperiodic transmission and possibility of partial-bandwidth sounding

Our proposal, as discussed in section 3, can be summarized as follows:
· CSI acquisition functionalities analogous to LTE SRS 
· UL CSI calculation at gNB
· When applicable (e.g. operations with DL-UL reciprocity), DL CSI acquisition at gNB
· Taking into account at least the following criteria:
· High-quality DL CSI acquisition for scenarios with DL-UL reciprocity
· UE-side beamforming especially for >6GHz scenarios 
· Capability of “multi-beam” NR-SRS analogous to LTE Class B K≥1 mechanism
· An NR-SRS configuration is associated with K≥1 NR-SRS resources (“beams”)
· Differentiating “non-precoded” from “beamformed” NR-SRS is unnecessary
· When K>1, enable UE to transmit NR-SRS only on 1 “beam” or sweeping across K “beams”
· At least aperiodic and periodic NR-SRS transmissions
· Same/similar designs between NR-SRS and DL CSI-RS with configurable patterns (including RS transmission bandwidth)
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