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1	Introduction
[bookmark: _Ref178064866]The MIMO Evolution for Downlink and Uplink work item [1] includes the following two objectives: 
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.

Objective 5 targets ‘CPE/FWA/vehicle/Industrial devices’, while Objective 6 does so if these devices are applicable.  There is no definition for such devices agreed for the work item, and no clear precedents that can be drawn from prior RAN1 work.  Furthermore, such devices will require that the scenarios in which these devices are used are defined.  Lastly, potential restrictions on the scope of objective 5 are called out.  Therefore, in this contribution, we begin the discussion on how to refine the devices, scenarios, and scope, as such questions may take considerable debate and addressing them early may help better focus the work in 3GPP.
2	Discussion 
Fixed wireless access, ‘FWA’, devices (or, equivalently, customer premise equipment, ‘CPE’) can differ from eMBB UEs with respect to how and where they are deployed, and the requirements they are to meet.  Their fixed nature implies no need to support dynamically changing fading conditions, which allows for considerable implementation freedom, such as fixed high-gain antennas, reciprocity-based beam selection, and so on.  Battery life is generally not a concern since a FWA device should be connected to power. Furthermore, outdoor-mounted antennas (outdoor FWA) have fewer regulatory limitations on transmit power, and so can be at a higher power class.  Such outdoor antennas can have managed deployments where the antennas are mounted with boresights directly toward a serving TRP.  
On the other hand, consumer-deployed FWA devices may not differ so much from eMBB UEs in a number of aspects.  They may not be able to transmit at high power due to regulatory limits, they can be deployed in quantity, they could be located inside a building (indoor FWA), as well as have low-gain antennas. Exploiting commonalities with UE designs can improve economies of scale and reduce cost.
This variability in deployment and devices leaves the door open for a huge variety of Rel-18 UL MIMO enhancements.  Solutions could be optimized for outdoor-mounted, low angular-spread scenarios, or for indoor non-line-of-sight setups.  MIMO with full-power PAs could be assumed for UEs connected to line power and where higher power class operation is desirable.  On the other hand, if UE cost must be minimized, low-complexity, low-power Tx chains may be needed.  
Vehicular devices naturally represent a set of completely different use cases than FWA.  If the devices are embedded into personal vehicles, cost may be a primary factor, and so RF subsystems may be simpler, and/or have lower maximum power.  Radio conditions may be similar to eMBB.  On the other hand, if public transportation vehicles are targeted, performance may be more important, and RF subsystems may be higher complexity and/or higher power.  Support for high-speed train scenarios, if in scope, could bring further design optimizations.
Industrial devices bring still further variety in scenarios and devices.  High reliability and/or low latency may be required, and higher complexity and transmit power may be allowed.  Here, the gNB may be indoor, and so could be line of sight to a robot containing the UE.  Depending on where the antennas of the UE are, the antennas could move at high speed or be stationary.
Observations:
· FWA/CPE, industrial, and vehicle devices together imply an enormous set of use cases
· High power classes are natural for outdoor FWA applications, but not necessarily for e.g., indoor FWA.
· Consumer-deployed FWA or personal vehicles may be cost/complexity sensitive, whereas industrial devices or operator-deployed FWA may not be.
· UE speeds can be high for industrial as well as vehicular applications, in contrast with FWA.
· All of the above factors can drive the designs of UL MIMO mechanisms in different directions.
In addition, for Objective 6, it is not clear if smart phones are excluded from the work.
A large number of antennas naturally implies a large number of degrees of freedom in an UL MIMO design.   High degrees of both array gain and spatial multiplexing gain are possible.  Similarly, the range of operating SINRs is also large.  As such, the amount of interference produced by beamforming “flashlight” effects to gNBs can be significant.  Furthermore, the sensitivity to interference is also greater since higher-order MIMO is possible.  Therefore, simplistic studies only of a single gNB to UE radio link level will not reflect the performance of Rel-18 UL MIMO designs.  Given the experience of the design process in RAN1 for higher-order MIMO in previous releases, and that the scenarios envisaged in the study have aspects that can only be modeled at the system level, we think it is important to carefully evaluate the net benefit of UL MIMO through system-level simulations.
As of Rel-17, NR has a large toolbox of UL MIMO techniques.  Fully, partially, and non-coherent UL precoding are supported, as well as full power modes 0, 1, and 2.  Codebook-based and non-codebook-based UL MIMO is specified, including SRI indication.  Spatial relations and UL TCI are also defined.  Multi-TRP operation is supported, and so on.  Any or all of these features may be considered for enhancement, which motivates the note in Objective 5 that the study scope may be restricted.  In order to do this objectively, evaluations should be leveraged as much as possible.  Therefore, potential techniques should be evaluated relative to each other to determine their net benefit to the system.
Observations:
· 8 Tx designs can have both high array gain and spatial multiplexing gain.
· High array gain can cause ‘flashlight’ effects to victim gNBs.
· A large number of spatial layers increases sensitivity to interference.
· Directional antennas are common e.g., in FWA applications.
· Link level simulations are inadequate to evaluate the above behaviors.
Proposals:
· Define a limited set of deployment scenarios for Rel-18 UL MIMO relevant to market needs.
· Down select among FWA/CPE, vehicular, and industrial scenarios if possible.
· Use realistic UE transmit chains and antenna implementations.
· Techniques are compared using system-level as well as link-level simulation studies.
· Net benefits of Rel-18 UL MIMO designs are evaluated considering UE and gNB antenna directionality and SINR conditions over the cells.
· Evaluations are used to determine which Rel-15/16/17 UL MIMO modes should be enhanced.
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Objectives 5 and 6 of the NR MIMO Evolution for Downlink and Uplink work item study “CPE/FWA/vehicle/Industrial devices”.  There is no definition for such devices agreed for the work item, and no clear precedents that can be drawn from prior RAN1 work.  Therefore, in this contribution, we began the discussion on how to refine the devices, scenarios, and scope, as such questions may take considerable debate and addressing them early may help better focus the work in 3GPP.
We made the following observations on the use cases and scenarios:
Observations:
· FWA/CPE, industrial, and vehicle devices together imply an enormous set of use cases
· High power classes are natural for outdoor FWA applications, but not necessarily for e.g., indoor FWA.
· Consumer-deployed FWA or personal vehicles may be cost/complexity sensitive, whereas industrial devices or operator-deployed FWA may not be.
· UE speeds can be high for industrial as well as vehicular applications, in contrast with FWA.
· All of the above factors can drive the designs of UL MIMO mechanisms in different directions.
The following observations were made regarding evaluations in the work item:
Observations:
· 8 Tx designs can have both high array gain and spatial multiplexing gain.
· High array gain can cause ‘flashlight’ effects to victim gNBs.
· A large number of spatial layers increases sensitivity to interference.
· Directional antennas are common e.g., in FWA applications.
· Link level simulations are inadequate to evaluate the above behaviors.
Based on the discussion in the previous sections and these observations, we propose the following:
Proposals:
· Define a limited set of deployment scenarios for Rel-18 UL MIMO relevant to market needs.
· Down select among FWA/CPE, vehicular, and industrial scenarios if possible.
· Use realistic UE transmit chains and antenna implementations.
· Techniques are compared using system-level as well as link-level simulation studies.
· Net benefits of Rel-18 UL MIMO designs are evaluated considering UE and gNB antenna directionality and SINR conditions over the cells.
· Evaluations are used to determine which Rel-15/16/17 UL MIMO modes should be enhanced.
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