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Introduction
[bookmark: _GoBack]To enable CSI estimation in the UL, reference signal (RS) design needs to be considered. Until the UL waveform and the frame structure for NR have been decided, it is not possible to define the precise structure for the UL RS for CSI measurements, or else sounding RS (SRS). However, it is still possible to discuss design principles in order to set requirements for the final design. In this contribution, we discuss such design principles for SRS, and propose several requirements. Corresponding requirements for the downlink RS for CSI measurements are discussed in companion contribution [4]. 
[bookmark: _Ref178064866]Discussion
CSI measurements on SRS in the UL are needed for several procedures, for example scheduling and, when reciprocity holds, design of the precoder; see [1], [2]. These procedures have different requirements on the channel estimation quality. In NR, we propose to design a unified CSI framework, see companion contribution [3]. As part of such a framework, SRS needs to be designed in a flexible way that can be configured to support several procedures.
For NR, strive for a flexible SRS design that can be configured to support the requirements of several procedures, such as scheduling and reciprocity-based precoding.
In order to support energy efficient network implementations (operations) and avoid always-on RS interference, the RS for CSI measurements should be allowed to be scheduled on-demand and the transmission for the RS shall be aperiodic/dynamic or time-limited periodic; see companion contribution [5]. Dynamic SRS transmissions will also improve the SRS capacity: if the SRSs are only transmitted when they are needed, more users can be accommodated. Moreover, in NR, the sounding bandwidth of different UEs may vary. This can occur, for example, when UEs are scheduled at different bandwidths and the TRP determines the precoder based on CSI obtained via reciprocity. Then, it should be possible for NR to configure higher SRS density within the scheduled bandwidth of each UE, to achieve the CSI requirements of precoding.
For NR, support dynamically scheduled SRS both in time and frequency, to improve SRS capacity and support sounding different bandwidth.
NR will be supporting diverse use cases and will be deployed with different numerologies in different frequency bands. The SRS needs to be able to be configured accordingly, so that sufficient energy is collected to meet the channel estimation requirements. Also, the density of SRS needs to be adapted to the variability (in both time and frequency) of the channel. As an example, high time density is required in high mobility scenarios.
For NR, strive for a flexible, unified UL CSI framework that accommodates dynamic and flexible SRS configuration to support different use cases, frequency bands, numerologies, channel conditions, etc.
In several use cases that NR is expected to support, the density of UEs simultaneously requiring service will be very high. It should be possible for NR to obtain CSI measurements for all those UEs on SRS using the same resources. This is particularly important in order to enable reciprocity-based precoding design for massive MIMO. Additionally, in several use cases the UEs are expected to have multiple transmit antennas and so SRS should support sounding multiple UE antenna ports. To minimize the interference in the sounding process, orthogonal SRS need to be assigned to the simultaneously sounded UE antennas ports. Moreover, the orthogonality between the SRS needs to maintained, when sequences of different lengths overlap, in the case of sounding different bandwidth. One way to achieve this is by concatenated block RS design; see [6].
[bookmark: _Toc456711170][bookmark: _Toc456711791][bookmark: _Toc456711805][bookmark: _Toc456711955][bookmark: _Toc456711961][bookmark: _Toc456711967]For NR, strive for an SRS design that supports many orthogonal sequences to accommodate many simultaneously sounding UEs and/or UE antenna ports. Also, strive for preserving orthogonality when SRS sequences of different lengths overlap in order to support UEs with different sounding bandwidth.
The number of orthogonal sequences that can be detected is essentially determined by the sequence length and the delay spread of the channel. Also, there are different ways to achieve orthogonality, e.g., combs, phase rotations, orthogonal cover codes. The design of SRS in NR needs to jointly take these into account to meet the requirements of intended use. 
For NR, RAN1 needs to study the SRS sequence length and the ways to achieve orthogonality, taking the channel conditions and use requirements into account. 
In some scenarios, e.g. when UEs are at the cell edge, there is a considerable risk that the quality of CSI measurements is affected by SRS interference. This may occur if neighboring TRPs independently allocate SRS to the UEs. SRS interference can be avoided if there is coordination among TRPs within a cluster. For example, each TRP could use different combs to generate orthogonal, among the cells, SRS sequences. 
For NR, SRS design should allow for configuration coordination between TRPs to reduce SRS interference.
Conclusions
In this contribution, high level design requirements for SRS have been discussed. We make the following proposals which may be considered as requirements for the design effort once the UL waveform and the frame structure for NR have been decided. 
1. For NR, strive for a flexible SRS design that can be configured to support the requirements of several procedures, such as scheduling and reciprocity-based precoding.
1. For NR, support dynamically scheduled SRS both in time and frequency, to improve SRS capacity and support sounding different bandwidth.
1. For NR, strive for a flexible unified UL CSI framework that accommodates dynamic and flexible SRS configuration to support different use cases, frequency bands, numerologies, channel conditions, etc.
1. For NR, strive for an SRS design that supports many orthogonal sequences to accommodate many simultaneously sounding UEs and/or UE antenna ports. Also, strive for preserving orthogonality when SRS sequences of different lengths overlap in order to support UEs with different sounding bandwidth.
1. For NR, RAN1 needs to study the SRS sequence length and the ways to achieve orthogonality, taking the channel conditions and use requirements into account. 
1. For NR, SRS design should allow for configuration coordination between TRPs to reduce SRS interference.
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