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1. Introduction

The adoption of NR in unlicensed bands requires some adaptation to comply with regulations. Two requirements are commonly found in regulations:
1. Occupied channel bandwidth (OCB).
2. Maximum Power Spectral Density (PSD)
For example, both these requirements are enforced for 5 GHz carriers according to ETSI 301 893 while only the maximum PSD requirements are enforced in the US regulation for 5GHz. More detailed listings of ETSI regulation can be found in [1].
[bookmark: _GoBack]The OCB requirement is expressed as the bandwidth containing 99% of the power of the signal and shall be between 80% and 100% of the declared Nominal Channel Bandwidth [2]. Our current understanding of this requirement is that it is tested over a time interval longer than one sub-frame (1ms). Thus, the frequency allocations for one UE must vary between sub-frames in such a way that the requirement is fulfilled.
Maximum PSD requirements exist in many different regions. For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 specs requires 10 dBm/MHz for 5150-5350 MHz. The implication of the PSD requirement on the physical layer design is that, without proper designs, a signal with small transmission bandwidth will be limited in transmission power. This can negatively affect coverage. That is, the maximum PSD requirement is a binding condition that requires changes to UL transmissions in unlicensed spectrums.
Since such requirements are imposed for operation in unlicensed spectrum, spread spectrums signaling techniques - e.g. frequency interlaced transmissions - are being proposed for NR-U [2].

[bookmark: _Ref178064866]Considerations for SRS design in unlicensed bands

Uplink (UL) channel state information (CSI) measurements based on sounding reference signals (SRSs) are essential for several procedures. Apart from the ones in LTE for which SRSs has been primarily designed for, e.g., user scheduling and link adaptation, an increased focus appear to be on multi-antenna procedures for both NR and in NR-U. Examples of such are reciprocity-based DL precoder design and beam management. Each of these procedures typically have different requirements on many CSI aspects. e.g., the estimation quality, the time/frequency sampling intervals, etc. A flexible SRS design capable of covering a number of procedures, and meet their CSI requirements, is therefore critical. Such design aspects have been already established in the context of NR [3]. However, there are several design considerations that may differ when it comes to operation in unlicensed bands.

Compared to NR, channel propagation conditions and signaling aspects may differ in NR-U, and should be considered during SRS design.
[bookmark: _Hlk510448093]An explanation follows. Firstly, NR-U systems are typically envisioned to operate under low mobility scenarios, and in cells of smaller sizes with lower delay spreads. Consequently, the time/frequency coherent regions of the channel are typically larger than in NR systems, and the SRS design should be tuned to such channel differences. Secondly, spread spectrums signaling techniques - e.g. frequency interlaced transmissions - are being considered for NR-U [3]. Since the SRS is, among other aspects, also designed accounting for the nominal transmission bandwidth, e.g. the nominal bandwidth of PUSCH transmissions, the SRS design in NR-U should account for such signaling properties. With those considerations in mind, the first proposal follows.

[bookmark: _Hlk510448235][bookmark: _Hlk502661835]Study the differences both in terms of channel propagation conditions and signaling, that are relevant for SRS design in unlicensed-based NR compared to standard NR operation.
As mentioned previously, interlaced transmission techniques are now being considered in NR-U. This follows the trend of previous 3GPP standards, e.g., LTE-LAA. Here, OFDM PRBs are interlaced across the entire carrier bandwidth, which typically covers several MHz. Under most practical channel conditions, such techniques lessen the need for frequency selective user scheduling. This is because all users are allocated (in different interlaces which span) the entire carrier bandwidth, and ergodicity behaviors start to kick in. This is fundamentally different than in systems operating in licensed bands, e.g. NR, where frequency selective user scheduling (i.e., scheduling a user with contiguous PRBs in a portion of the band) is one main use case for the SRS. With that aspect in mind, we make the following observation:

[bookmark: _Hlk502661871]Since frequency interlaced transmissions are expected to be adopted for NR-U for data/control channels, this lessens the need for frequency selective user scheduling.
One outcome of Observation 2, is that multi-antenna procedures appear to be the main use cases for SRS in NR-U.  This suggests that the SRS should be able to be of wideband nature – to match, e.g. the PUSCH’s nominal bandwidth - so that many multi-antenna procedures can be supported. For example, in reciprocity-based non-codebook DL precoding design, accurate channel estimates will be required across the entire interlaced PDSCH PRBs.  With that in mind, we make the following proposal

[bookmark: _Hlk510449114]Since frequency interlaced transmissions are expected to be adopted in NR-U’s physical data/control channels, at least frequency domain interlaced SRSs should also be supported.
We also remark that such an interlaced SRS design makes it easier to multiplex an user’s SRS with interlaced uplink channels/signals of other users.
Conclusion

In this paper we discuss SRS design aspects for NR-U. Based on the following observations:

1. Compared to NR, channel propagation conditions and signaling aspects may 
                      differ in NR-U, and should be considered during SRS design.
Since frequency interlaced transmissions are expected to be adopted for NR-U for data/control channels, this lessens the need for frequency selective user scheduling.

We make the following two proposals:

1. Study the differences both in terms of channel propagation conditions and signaling, that are relevant for SRS design in unlicensed-based NR compared to standard NR operation.
Since frequency interlaced transmissions are expected to be adopted in NR-U’s physical data/control channels, at least frequency domain interlaced SRSs should also be supported.
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