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1 Introduction

In RAN1#89, it was agreed to support SRS fast switching:

Agreements:
· ….
· Support SRS fast switching among N uplink carriers
· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N
· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
Our understanding of the motivation for this agreement is that it allows NR UEs with limited UL CA capability to transmit SRS on a carrier without PUSCH, similar to the Rel-14 SRS switching feature.  In this contribution, we discuss use cases for MIMO and high level design aspects for SRS switching with an SRS only carrier. 
2 Scenarios for inter-carrier SRS switching and implications
A primary purpose of inter-carrier SRS switching is to allow gNB to determine downlink precoding when more downlink carriers are configured than uplink carriers. In this section, we discuss use cases for SRS switching, as well as the implications on overhead with limitations on joint transmission of SRS and ACK/NACK.

2.1 Impact of SRS transmission on PDSCH throughput

The most straightforward loss of downlink throughput comes when inter-carrier SRS switching occurs during PDSCH transmission.  In this case, if switching is not fast enough, gNB may not be able to transmit PDSCH at all during an SRS switch to another carrier.  Therefore, switching during x% of PDSCH transmission opportunities can reduce PDSCH throughput by x% unless loss of an entire slot can be avoided during switching.

A UE receiving a PDSCH must transmit ACK/NACK.  If SRS-only carriers are defined in NR, this means that the ACK/NACK must go on a one if its ‘M’ uplink CA carriers when it is configured with inter-carrier SRS switching. If NR SRS switching designs do not allow a UE to switch within a slot to transmit ACK/NACK on its ‘uplink’ carrier as well as the SRS on the SRS-only carrier, or if ACK/NACK fills enough of the subframe to preclude SRS transmission on another carrier, then the gNB can’t schedule PDSCH if it wishes to transmit SRS on the other carrier.  This means that SRS switching on SRS-only carriers on x% of slots carrying ACK/NACK could potentially reduce peak downlink throughput by at least x%.  

This potential for loss of throughput led to evaluations of UE capability for inter-carrier SRS switching time in RAN4 for the Rel-14 SRS switching feature.  Given the greater flexibility of NR with respect to subframe structure, its variable numerology, the much more diverse combination of frequency bands than LTE, etc., such RAN4 evaluations seem even more essential for NR.  Consequently, clarity on UE switching times is essential, and a similar LS to that agreed at the start of the LTE SRS switching work item [1] is needed that addresses applicable interruption time in various conditions and switching combinations.
While SRS can be used to estimate the channel for the serving carrier, downlink measurements are needed to determine the interference. This means the UE must still report CQI when it is configured with SRS switching. Such a CQI measurement should be made using CSI-RS that reflect the array gain of the number of layers to be transmitted. In this case, a UE can calculate CQI by measuring beamformed CSI-RS ports associated with a PDSCH.  Therefore, CSI feedback from the SRS-only carriers still should be carried on one of the UE’s ‘M’ uplink CA carriers since CQI can only be transmitted on carriers capable of PUCCH or PUSCH.  Consequently, when SRS switching is too costly, the alternative of CSI feedback in the form of PMI/RI/CRI should also be available.  We observe that NR CSI feedback can be an alternative even when high resolution CSI is derived from SRS, since NR supports high resolution (‘Type II’) CSI feedback.
Observations:
· Inter-carrier SRS switching can be quite expensive in NR in terms of downlink transmission opportunities if SRS switching consumes entire slots.
· SRS switching in x% of slots could reduce downlink peak throughput by at least x% when UEs cannot switch within a slot.
· CSI reports from SRS-only carriers that are transmitted on a UE’s PUCCH/PUSCH carrier should be available when inter-carrier SRS switching is too expensive.

· RAN4 input is needed that addresses applicable interruption time in various conditions and switching combinations.

Proposal:

· A similar LS to that agreed at the start of the LTE SRS switching work item [1] should be sent to RAN4, addressing applicable interruption time in various conditions and switching combinations. 
2.2 Application of SRS based carrier switching and their frequency requirements

The amount of precoding information and its use case obtained varies according to how often and with what bandwidth SRS is transmitted. MIMO algorithms that can use SRS measurements include:
2.2.1 Applications with frequent SRS transmission requirements

High resolution frequency selective precoding for MU Massive MIMO: In this case, gNB uses reciprocity to obtain the full channel state information between all gNB Tx and Rx antennas, and transmits with antenna patterns that maximize SINR.  This is especially applicable for MU-MIMO operation.  When large arrays are used, the antenna patterns tend to be frequency selective, and UEs may be served on the steep parts of the patterns near the nulls.  This requires highly accurate CSI estimation, and so it must be updated relatively frequently.  The full bandwidth should be sounded as well, presuming that the gNB will want to be able to schedule UEs anywhere in the band.
Such an implementation requires well calibrated gNB Tx and Rx chains, and UEs using the same RF paths for transmit and receive.  Furthermore, SRS channel estimation accuracy must be high, requiring sufficient resources for SRS to be carried on each UE antenna port as well as sufficiently high SRS SINR.
Observations: 
· The greatest performance potential with SRS switching is when SRS is used to determine high resolution, frequency selective precoding in large gNB antenna arrays.

· Such high resolution precoding requires frequent, wideband, SRS transmission.
2.2.2 Applications with less frequent SRS transmission requirements

Reciprocity based SU-MIMO precoding: SU-MIMO requires less channel state information to obtain good performance, since gNB does not need to suppress inter-UE interference, relying on UE antennas to separate inter-layer interference of its PDSCH.  Sufficient channel state information is needed to determine the precoding to maximize array gain, but such precoding can exploit antenna correlation.  NR Type I designs have a longer term, wideband precoding component used across correlated antennas that can provide much of the gain in larger arrays.  Short term, frequency selective precoding is also used to combine, or ‘cophase’, uncorrelated (such as dual-polarized or spatially diverse) elements.

Overall, SU-MIMO then can rely more on wideband precoding than high capacity / high resolution MU-MIMO designs.  Further gains can come from frequency selective precoding and CQI, however, these are not essential as they are for MU-MIMO in large arrays.
Semi-open loop transmission: It is also possible to use random cophasing for the uncorrelated elements in the array while still applying the wideband long term component across the correlated elements.  This ‘semi-open’ loop transmission is more robust in that frequency selective CSI is not needed.  Consequently, SRS transmission can be narrow band, as well as less frequent.  However, it has less performance than the approaches above, due to reduced array gain from the lack of cophasing in rank 1 transmission.
Observations: 
· SRS transmission may also be used to determine wideband, long term precoding, e.g. for beamformed CSI-RS with for lower resolution SU-MIMO or semi-open loop transmission.
· Such precoding requires less frequent SRS and/or may allow narrow band SRS transmission.
Proposal:
· NR inter-carrier SRS switching designs should at least support wideband, infrequent (on the order of a few % duty cycle) SRS transmission.

· If enhanced inter-carrier SRS switching mechanisms allowing rapid SRS switching with low overhead are feasible and beneficial, SRS switching designs can also target more frequent SRS transmission.
3 Conclusions

In this contribution, we have discussed use cases for MIMO and high level design aspects for SRS switching with an SRS only carrier.  We made the following observations and proposals:
Observations:

· Inter-carrier SRS switching can be quite expensive in NR in terms of downlink transmission opportunities if SRS switching consumes entire slots.

· SRS switching in x% of slots could reduce downlink peak throughput by at least x% when UEs cannot switch within a slot.
· CSI reports from SRS-only carriers that are transmitted on a UE’s PUCCH/PUSCH carrier should be available when inter-carrier SRS switching is too expensive.

· RAN4 input is needed that addresses applicable interruption time in various conditions and switching combinations.

· The greatest performance potential with SRS switching is when SRS is used to determine high resolution, frequency selective precoding in large gNB antenna arrays.

· Such high resolution precoding requires frequent, wideband, SRS transmission.
· SRS transmission may also be used to determine wideband, long term precoding, e.g. for beamformed CSI-RS with for lower resolution SU-MIMO or semi-open loop transmission.

· Such precoding requires less frequent SRS and/or may allow narrow band SRS transmission.
Proposals:

· A similar LS to that agreed at the start of the LTE SRS switching work item [1] should be sent to RAN4, addressing applicable interruption time in various conditions and switching combinations. 
· NR inter-carrier SRS-only switching designs should at least support wideband, infrequent (on the order of a few % duty cycle) SRS transmission.

· If enhanced inter-carrier SRS switching mechanisms allowing rapid SRS switching with low overhead are feasible and beneficial, SRS switching designs can also target more frequent SRS transmission.
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