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1. Introduction
Due to the rushed timeline for completion of the Rel-15 non-standalone specifications, it was unfortunately overlooked in the definition of the aperiodic CSI-RS triggering procedure to take into account that the triggered CSI-RS could be associated with a carrier using a different numerology from that of the triggering PDCCH (similarly to how for instance triggering of aperiodic SRS is defined). Therefore, at the RAN#93 meeting in Shenzhen, these missing pieces of the specification were added as a set of late Rel-15 CRs under Working Agreement #29, thus completing the specification [1][2][3]. However, the Working Agreement was overturned by vote at RAN#84 and the functionality was subsequently removed from the specifications.
Since we believe that cross-carrier triggering of aperiodic CSI-RS between carriers with different numerology is essential for both FR1+FR2 CA operation as well as FR1+FR1 CA operation, this functionality should be added in Rel-16 as part of the Multi-RAT DC and CA enhancements WI.
Add a WI objective to introduce support for aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH to the MR/DC WI
The corresponding revised WID is submitted as [4].
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Motivation for introducing aperiodic CSI-RS triggering with mixed numerology
Operation in the mid and high bands can be quite challenging due to the harsher propagation conditions experienced at these frequencies, which limits the coverage region of a high band cell to be substantially smaller than that of a low band cell utilizing for instance the conventional sub-1 GHz region. The UL is especially challenged due to the lower transmission power and antenna size available at the UE compared to at the gNB. These different coverage regions are illustrated in Figure 1. 
[image: ]
[bookmark: _Ref16696057]Figure 1: Illustration of coverage region of high and low bands
Additionally, at least in FR2 (although beamformed systems may also be used in  the mid-band regions of FR1), the gNB is typically restricted to time-domain beamforming only due to hardware limitations, implying that frequent beam sweeping (using multiple CSI-RS resources, where each resource corresponds to a beam) and reporting is required in order to determine the proper transmission direction to the UE. Beam reporting is a type of CSI reporting which is carried in UCI on the UL. These reports, in addition to regular CQI/PMI reports are required in order to operate the high band DL. For a standalone high band carrier, the effective DL coverage is thus essentially limited by the UL coverage, since CSI reports are required to be received on the high band UL in order to operate the high band DL. 
This issue is particularly cumbersome for operation on FR2 bands, although the same issue exists also for the mid-band regions of FR1, and the same solution can be applied for both cases. One way to substantially improve the FR2 DL coverage is to apply carrier aggregation (CA) between the FR2 carrier and a low-band FR1 carrier, so called FR1+FR2 CA and re-route the UL transmissions (including the CSI report corresponding to the FR2 carrier) to the FR1 carrier, which has a much larger coverage region than the FR2 carrier. In a network operating in such a manner, the FR2 DL coverage is no longer limited by the FR2 UL coverage, which drastically extends the coverage region and the benefit of operation in the mmWave spectrum bands. However, any practical beamformed system requires aperiodic CSI-RS to operate efficiently, since many narrow beams must be swept UE-specifically. Operating a beam sweeping system with periodic or semi-persistent CSI-RS results in unmanageable RS overhead as soon as there is a non-trivial number of UEs in the cell and is not an efficient solution in real deployments. However, in order for the FR2 CSI report based on aperiodic CSI-RS to be transmitted on the FR1 UL, it must also be triggered on the FR1 DL. This is currently not supported in NR Rel-15 or Rel-16 since FR1 and FR2 carriers use different subcarrier spacings, and the required specification text to handle aperiodic CSI-RS triggering from a PDCCH using a different subcarrier spacing is missing.
3. Proposed specification changes
[bookmark: _GoBack]The required specification changes to introduce aperiodic CSI-RS triggering with mixed numerology is quite simple and should not require much RAN1 work. Essentially, it only boils down to scaling the slot index with the relative numerology between CSI-RS and PDDCH. For more details, we refer to our RAN1 contribution [5]. 
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