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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 discuss how to refine the devices to be studied and to define scenarios to be used in the evaluations of objectives 5 and 6, while considering potential reductions in scope.  
2	Discussion 
The definition of fixed wireless access, ‘FWA’, and customer premise equipment, ‘CPE’, devices where an outdoor cell is used to provide service to a place, rather than a mobile device, are a first class of use cases.   Both scenarios with user deployed and network installed UEs are of commercial interest. 
The user deployed UEs are generally indoor, and are not necessarily in favorable locations, e.g., near windows.  They are not as likely to be at higher power classes due to e.g., regulatory limits, and are likely to have ‘smartphone-like’ antenna configurations with spherical coverage in mind (i.e., where the antennas cover all AOAs around the UE).  Depending on the device, both directional antennas and cross-polarized omni-directional antennas could be used.  UEs may or may not be stationary, depending on if e.g., handheld mobile hotspots are used in the deployment.  Such devices are not as likely to be complex/expensive, since they may be customer purchased, and/or are used in more cost sensitive operator subsidized deployments.
The outdoor UEs can be installed on outdoor walls or roofs, and oriented toward a serving TRP.   Such UEs would probably not have spherical coverage in mind, and could e.g., be a panel array if mounted on building side. Because they are operator deployed, the complexity/expense of the UE may not be as large a concern. These UEs are expected to be able to have higher power classes, due to more relaxed regulatory limits as well as fewer cost constraints.  For FR1, power class 1 has the highest power (31 dBm), and so is a suitable starting point.  Whether this is a commercially practical power level can be further checked.  
FR2 use cases may be different than for FR1.  Link budgets are tighter, and so inter-site distances are smaller.  As discussed in [2], given that smartphones operating in FR2 are typically equipped with multiple panels, ‘smartphone-like’ mobile hotspots seem reasonable candidates to evaluate for STxMP designs.  The usual 80%/20% indoor/outdoor UE location assumptions could be used as a starting point, and further considered taking into account operator views.  Then given this mobile hotspot assumption, UE speeds can be pedestrian, power classes low, and with spherical coverage.
Industrial devices can bring extra requirements such as high reliability and/or low latency, and higher complexity and transmit power may be allowed.  The tighter reliability and/or latency is not expected to be so relevant to 8 Tx UL MIMO or STxMP, given the diminishing diversity gains with the number of Tx chains, and given that diversity can already be obtained from repetition schemes, including the Rel-17 M-TRP or transparent multi-panel transmission schemes.  Therefore, scenarios where throughput rather than reliability is the primary focus are in order.
Industrial scenarios can include both those served by macrocells and indoor gNBs. However, given that outdoor wide area cells should anyway be defined for FWA, and since reliability may be less of a focus for 8 Tx and STxMP designs, indoor gNB scenarios may be of greatest interest.  Industrial scenarios can include where the UE moves at vehicular speed or is stationary.  The vehicular speed indoor case is expected to be significantly less prevalent than slower speeds.  Furthermore, 8 Tx and STxMP designs are likely to be difficult to optimize for high UE speeds.  Therefore, it should be clarified if industrial scenarios with vehicular speed are needed for 8 Tx and STxMP in Rel-18.  High power PAs do not seem so needed for indoor devices, given the proximity of indoor base stations.  Higher complexity/cost may be acceptable for industrial UEs, since the gains of higher capability may be needed to make these use cases feasible.  It is not obvious where the UEs will be deployed in these scenarios; for example, they could be mounted on a side of machine or wall, or they could be on top of a machine or in general require more angular coverage.
Vehicular devices represent a set of completely different use cases than FWA and Industrial devices.  Both the gNB and UE must be outdoor, and larger cells must be used.  The antennas could be embedded into the vehicles roof, bumper, glass, or mirror, allowing varying degrees of angular coverage around the vehicle.  Given this uncertainty, a first assumption can be that the UE may have regulatory power limits.  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.  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 be another set of scenarios to study independent of these other scenarios.  
Given the discussion above, the scenarios supporting CPE/FWA/vehicle/industrial devices can be characterized by the following table.  
[bookmark: _Ref102081094]Table 1: FWA/CPE/Industrial/vehicular use case comparison
	Use case
	Speed
	Power Class
	Device Complexity
	UE Angular
Coverage
	UE
location
	gNB location

	FWA Outdoor
	Stationary
	Higher
	Higher
	Partial 
	Outdoor
	Outdoor

	FWA Indoor
	Pedestrian
	Lower
	Lower
	Omni 
	Indoor
	Outdoor

	FR2 FWA 
	Pedestrian
	Lower
	Lower
	Omni
	Indoor/Outdoor
	Outdoor

	Vehicular
	Vehicular
	Lower and Higher?
	Lower and Higher?
	Partial or Omni?
	Outdoor
	Outdoor

	Industrial
	Stationary
	Lower

	Higher
	Partial and Omni
	Indoor
	Indoor



From Table 1, we observe that the vehicular use cases are difficult to characterize given the uncertainties on power class, device complexity, and UE Angular coverage.  Therefore, such use cases should be clarified further in order to design corresponding scenarios.  Moreover, a natural starting point is to optimize 8 Tx and STxMP MIMO designs toward stationary or pedestrian speeds, given the lack of clarity for vehicular speed use cases either for vehicular or industrial applications.
The different use cases have a mix of higher and lower device complexity. As such it does not seem appropriate to assume that only the most difficult RF implementations or most complex MIMO algorithms should be prioritized.  This implies that less complex designs such as non-coherent non-full power MIMO should be studied as well as fully or partially coherent full power MIMO.  This makes it more difficult to find the potential restrictions on the scope of objective 5 with respect to UE coherency assumptions and full/non-full power modes.
It can be seen from the UE angular coverage column that there is also a diverse set of partial and omni coverage requirements for the UE.  Taken with the inability to limit coherence assumptions identified above, this means that a variety of antenna and Tx configurations should be considered when designing UL precoding.  This should include designs supporting both directional and omni-directional UE antennas at FR1, as well as directional antennas at FR2.
Observations:
1. Vehicular speeds seem less relevant to Industrial as well as FWA applications
2. 8 Tx and STxMP are expected to be less beneficial at vehicular speeds
· Rel-17 M-TRP, as well as implementation based multi-panel transmission can provide reliability enhancements.
· 8 Tx and STxMP are not as likely to provide throughput enhancement at higher UE speeds (e.g., SINRs are lower and link adaptation and/or beam tracking is more difficult).
3. A mix of UE RF designs is expected, including with full/partial/non-coherent, full/non-full power UL MIMO modes, and directional/omni antennas at FR1 (as well as directional antennas at FR2).
Examining Table 1, four distinct scenarios emerge: FR2 FWA, FWA Outdoor, FWA Indoor, and Industrial use cases.  A separate FWA scenario is defined for FR2 from the Outdoor and Indoor FWA scenarios targeting FR1.  The industrial scenario targets both FR1 and FR2.  These scenarios cover cases where both the gNB and UE are outdoor or indoor, representing a wide variety of operating SNR distributions, which is key to studying MIMO behavior.  A variety of UE configurations are also supported, including different power classes and antenna configurations.  Overall, these scenarios seem a reasonable starting point for evaluations assumptions for 8 Tx and STxMP.
Table 2: High level scenario description
	Use case
	FR2 FWA 
	FWA Outdoor (FR1)
	FWA Indoor (FR1)
	Industrial (FR1 & FR2)

	Channel model
	UMi 200m / Dense Urban
	UMa 500m 
	UMi 200m / Dense Urban
	InH / Indoor office

	gNB
	Outdoor
	Outdoor
	Outdoor
	Indoor 

	Speed
	3 kmph
	3 kmph
	3 kmph
	3 kmph

	UE antenna configurations
	Indoor/Outdoor
Directional, randomly oriented 
	Outdoor only 
Building mounted panel, pointed to gNB
	Indoor only
Directional or omni array, randomly oriented 
	Indoor only
Directional or omni array, randomly oriented 

	UE power class
	23 dBm
	[31] dBm
	23 dBm
	23 dBm



Proposals:
1. Use at least the high level scenarios in Table 2 for 8 Tx and STxMP studies in Rel-18.
· Clarify beneficial use cases for 8 Tx and STxMP at vehicular speeds.
2. Study 8 Tx and STxMP techniques that support a variety of UE RF capabilities, including those with different coherence, full/non-full power capabilities, and directional/omni-directional antennas at FR1 (as well as directional antennas at FR2)
[bookmark: _Toc54298463][bookmark: _Toc54360120][bookmark: _Toc54370428][bookmark: _Toc54370474][bookmark: _Toc54351681][bookmark: _Toc54354164][bookmark: _Toc54365760][bookmark: _Toc54369795][bookmark: _Toc54371471][bookmark: _Toc54371503][bookmark: _Toc54371535][bookmark: _Toc54372438][bookmark: _Toc54294537][bookmark: _Toc54298449]3	Conclusion
In this contribution, we have discussed how to refine the devices to be studied in the NR MIMO Evolution for Downlink and Uplink work item, considered scenarios to be used in the evaluations of objectives 5 and 6 of the work item, while considering potential reductions in scope.  
We made the following observations:
Observations:
1. Vehicular speeds seem less relevant to Industrial as well as FWA applications
2. 8 Tx and STxMP are expected to be less beneficial at vehicular speeds
· Rel-17 M-TRP, as well as implementation based multi-panel transmission can provide reliability enhancements.
· 8 Tx and STxMP are not as likely to provide throughput enhancement at higher UE speeds. (e.g., SINRs are lower and link adaptation and/or beam tracking is more difficult).
3. A mix of UE RF designs is expected, including with full/partial/non-coherent, full/non-full power UL MIMO modes, and directional/omni antennas at FR1 (as well as directional antennas at FR2).

Based on the discussion in the previous sections and these observations, we propose the following:
Proposals:
1. [bookmark: _In-sequence_SDU_delivery]Use at least the high level scenarios in Table 2 for 8 Tx and STxMP studies in Rel-18.
· Clarify beneficial use cases for and Tx & STxMP at vehicular speeds.
2. Study 8 Tx and STxMP techniques that support a variety of UE RF capabilities, including those with different coherence, full/non-full power capabilities, and directional/omni-directional antennas at FR1 (as well as directional antennas at FR2)
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