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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed. [1]. The objective of the work item concerning 8 Tx UL transmission reads as follows:
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.

In this contribution, we consider ways to fulfill this objective.  We consider the use cases suitable for the devices identified in the WID and discuss simulation methodologies and assumptions needed to evaluate 8 Tx transmission schemes based on the scenarios proposed in [2].  Transmission schemes suitable for 8 Tx are categorized and their pros & cons are discussed at a high level.  Lastly, initial simulation results are given for idealized codebook and non-codebook based schemes, comparing the performance of these schemes with 8 Tx against a Rel-15 4 Tx codebook based baseline.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Ref101965695]2.1	Evaluation assumptions
Objective 5 targets CPE, FWA, vehicle, and 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.  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, it is important to define the devices, scenarios, and scope, as early as possible in the work item to focus on the techniques that have the greatest potential for commercial benefit.
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 a power supply. Furthermore, outdoor-mounted antennas (outdoor FWA) have fewer regulatory limitations on transmit power, and so can be at a higher power class. Also, 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 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 1-2:
· 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.
As of Rel-17, NR supports a large set of UL MIMO techniques. Fully coherent, partially coherent, and non-coherent UL precoding is 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. In [2], we propose scenarios suitable for these evaluations for both 8 Tx (Objective 5 of the WID) and simultaneous multi-panel transmission (Objective 6 of the WID).
Proposal 1:
· Define a limited set of deployment scenarios for Rel-18 UL MIMO relevant to market needs.
· Use the scenarios given in [2] as a starting point.
· Down select among FWA/CPE, vehicular, and industrial scenarios if possible.
· Use realistic UE transmit chains and antenna implementations.
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 in the UL. Similarly, the range of operating SINRs is also large. However, UL beamforming to a serving gNB could cause significant interference at adjacent gNBs (flashlight effect). Furthermore, the sensitivity to interference at the gNB is also greater since higher-order MIMO is possible. Therefore, simplistic studies of only a single UE-to-gNB link will not reflect the performance of Rel-18 UL MIMO designs. Given the experience of the design process in RAN1 for high-order downlink MIMO in previous releases where very limited simulation effort was used to validate the designs, 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.
Observations 3-5:
· 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 these observations, we make the following proposals:
Proposal 2:
· Techniques are compared primarily using system-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.
· Link level simulations can additionally be used e.g. for impairments such as channel estimation 
· Evaluations are used to determine which Rel-15/16/17 UL MIMO modes should be enhanced.
System-level simulations should be performed at 3.5 GHz with a system bandwidth of 100 MHz and with a 30 kHz subcarrier spacing. Non-full-buffer simulations are essential to evaluate potential enhancement at low and high load, with different levels of interference. Some proposed system-level simulation assumptions are collected in Table 1.
[bookmark: _Ref102049036]Table 1	Parameters for future SLS simulations
	 System-level simulation parameters

	Metric
	UL mean-user and cell-edge throughput

	Traffic model
	FTP Model 1

	Number of sites
	7

	Number of UEs
	1000

	UE distribution
	See Table 2

	Handover margin
	3 dB

	Carrier frequency
	3.5 GHz 

	Bandwidth
	100 MHz 

	Subcarrier spacing
	30 kHz

	Channel model
	According to TR 38.901

	Scenario
	See Table 2

	Packet size
	500 kB

	MIMO scheme
	SU-MIMO

	Power control
	See Table 2

	Modulation
	Up to 64 QAM

	BS antenna configuration
(for outdoor BS)
	(,,,,,,) = (8,8,2,1,1,4,8) with (, ) = (0.5, 0.8)


	BS antenna pattern
	Directional (8 dBi, 65 BW)

	BS antenna height
	According to TR 38.901

	BS noise figure
	5 dB

	UE antenna configuration
	See Table 2

	UE antenna pattern
	See Table 2

	UE antenna height
	See Table 2

	UE coherency
	See Table 2

	UE transmit power
	See Table 2

	UE speed
	See Table 2



In [2], we provide a high-level description of different scenarios to consider for UL evaluations. Furthermore, a down-sized set of use cases are proposed. Specifically, for 8 Tx UL MIMO, we propose to study three scenarios, with simulation parameters as listed in Table 2.  The power control settings given are a starting point; the most appropriate values may need further study e.g. depending on what KPIs should be optimized. Also, the 31 dBm power class seems appropriate for the Outdoor FWA case, but may need a bit of checking. As discussed in [2], further study of use cases where 8 Tx is beneficial at vehicular speed is needed to define scenarios for vehicular UEs.
[bookmark: _Ref102126108]Table 2	Use-case-dependent system-level simulation parameters
	Use-case-dependent system-level simulation parameters

	Use case
	Outdoor FWA
	Indoor FWA
	Industrial

	UE distribution
	100% outdoor
	100% indoor
	100% indoor

	Scenario
	UMa (500 m ISD)
	UMi (200 m ISD)
	Indoor Office

	Power control
	, ]
	[, ]
	[, ]

	UE antenna configuration
	ULA or UPA , pointing towards gNB
	Pointing in different directions 
	Pointing in different directions

	UE antenna pattern
	Directional/Isotropic
	Directional/Isotropic
	Directional/Isotropic

	UE antenna height
	TBD
	According to 36.873
	According to 38.901

	UE coherency
	Fully coherent
	Fully/Partial/Non
	Fully/Partial/Non

	UE transmit power
	[31] dBm
	23 dBm
	23 dBm

	UE speed
	3 kmph
	3 kmph
	3 kmph



More refined simulations are expected as the study of 8 Tx progresses, which will require additional simulation parameters.  Such refinements may include CSI impairments such as SRS measurement delay, imperfect SRS reception, etc.
2.2	Transmission Schemes for 8 Tx 
There are three fundamental approaches to support more Tx chains in the UE: defining a CB to be used over more than 4 SRS ports, defining NCB-based operation with 8 SRS ports, and indicating multiple TPMIs with no more than 4 ports each. We consider each of these at a high level in the following.
Extending the UL MIMO codebooks to 8 ports is a natural first option to consider. Codebooks allow direct control of UE precoding and can therefore maximize diversity gain as well as array gain even for a fast-fading channel.  Array gains tend to be larger for 8 ports than for 4 ports, especially when elements of the array are correlated.
Support for a larger codebook requires a significant design effort. A new 8-port SRS will be needed as well as the codebook itself. The codebook design is likely to be a much more complex task, since the number of potential codewords can grow exponentially with the number of elements, depending on the UE antenna configurations assumed. Non-homogeneities such as partial coherence, power modes, and directionality require extra effort in codebook designs, and these are more complex to design for than in the 4-port case.  
Coherent transmission naturally provides the best performance in a codebook-based design, but support for coherence can be difficult in a UE.  This difficulty meant that the first commercial UL MIMO UEs had only non-coherent UL MIMO support.  It further led to relatively loose RAN4 relative coherence requirements in TS 38.101-1 of  between Tx chains.  These coherence requirements will likely need to be tightened significantly to get the best precoding gains from an 8 Tx design.
To emphasize this point, note that the set of fully coherent precoders in legacy 4 Tx UL MIMO CBs are based on NR Rel-15 type-I CB designed for 4 Tx configured in a 1x2 ULA [3]. Extending such precoders to 8 Tx configured, e.g., in a 1x4 ULA results in precoding matrices with entries belonging to an 8-PSK constellation with  between constellation points, which is nearly the same phase difference as the phase error tolerance presently in 38.101.
Given the greater degrees of freedom in an 8 Tx design, there are many more possible combinations of coherent and non-coherent antenna pairs than for 4 Tx.   Four such possibilities are illustrated below.
[image: ]
Figure 1	8 Tx Coherence Combinations

Observations 6-8:
· 8 Tx codebooks can maximize precoding/array and diversity gains for a given UE antenna configuration
· 8 Tx codebooks can require substantial design effort
· Codebook sizes can grow exponentially with the number of efforts
· Greater variety of non-homogeneous configurations (partial coherence, panels, directionality, etc.) can complicate the designs
· Codebooks can exploit coherence well, but can have heavy implementation impacts on UEs
· There are many more possible combinations of coherent and non-coherent antenna pairs for 8 Tx than for 4 Tx, and these need to be carefully considered in an 8 Tx codebook design.


Extending non-codebook-based (‘NCB-based’) designs to 8 layers is a natural alternative to consider to an 8 Tx codebook design.  NCB-based operation allows quite flexible UE implementations with respect to precoder design, since the precoder is determined by the UE.  Antenna selection, analog beamforming, or digital precoding can all be used in a way that is transparent to the gNB scheduler.  This also avoids the need to signal precoding, allowing relatively low DCI overhead.
The specification effort to extend Rel-15 NCB-based precoding to 8 layers could be relatively small.  The number of supported SRS resources and layers would need to be increased, as would be the number of SRS resource combinations that can be signalled by SRI.  Considerations for CB designs such as coherence among Tx chains and non-homogeneous configurations are part of UE implementation for NCB-based operation, and so will not need to be addressed.  On the other hand, there are no RAN4 tests for NCB-based operation in Rel-17, and so extra effort is needed from a RAN4 perspective compared to CB-based operation (which has been tested since Rel-15).
While NCB-based operation is relatively simple in specifications, UE implementation may not be simple as compared to (at least non-coherent) CB-based operation. In non-coherent CB-based operation, the UE transmits one layer per Tx chain, and need not maintain coherence among any of the Tx chains. The UE may further have PAs where, some, or all of which can transmit less than their full rated power. In contrast, NCB-based operation requires that UEs always transmit at their rated power. Furthermore, if the NCB-based UE supports determining precoding from CSI-RS measurements, it may need to transmit coherently, since the intention of the capability is in our understanding to support advanced precoding schemes such as SVD based precoding in order to have a benefit over NCB capabilities without CSI-RS measurements.
By its nature, NCB-based operation has higher SRS overhead than CB-based operation.  Each single port NCB-based SRS resource must be transmitted in a different OFDM symbol from the other resources.  As the number of potential precoders grows with the number of Tx chains, the number of SRS resources can grow substantially to provide enough CSI to maintain performance, especially under fast fading conditions.
Observations 9-10:
· Extending Rel-15 non-codebook-based operation to 8 layers may be relatively straightforward to specify
· However, RAN4 specifications will need to be developed, as non-codebook is not tested as of Rel-17.
· Eight-layer NCB-based operation can have relatively complex UE implementations and high SRS overhead
· Full power operation is required for NCB-based operation.
· Transparent precoding can require coherent Tx chains, e.g., for reciprocity based operation.
· Each SRS resource requires an OFDM symbol, and the number of needed SRS resources can grow substantially with the number of layers.

Extending CB-based operation to 8 Tx is also possible with multiple TPMIs.  A UE could be configured with multiple SRS resources, and a TPMI could be provided for each SRS resource.  The UE then precodes each set of layers its corresponding indicated precoding matrix.  For example, two 4 ports SRS resources could have two respective rank 4 precoders, and the UE could then transmit 8 layers from a total of 8 ports.  This is similar to Rel-17 multi-TRP operation where UEs can be configured with multiple SRS resource sets and repeat a TB using different precoders corresponding to the different SRS resources.
The specification effort to 8 port operation with multiple TPMI and SRS resources could be limited.  Existing fully/partially/non-coherent codebooks, full power modes, and SRS designs could be reused.  Multiple TPMI indication would be needed, as would enhancements to SRI.  As with the other design alternatives, the number of DMRS ports will need to be increased to support 8 layers.  It is also possible that RAN4 tests could be simplified, since requirements could be based on those of Rel-15 2 Tx or Rel-17 4 Tx codebooks.
If each precoder is used only over the ports in one SRS resource, the precoding gain can be less than when a precoder is applied over all ports that the UE can transmit.  However, the net impact depends on the antennas used at the UE, coherence assumptions, as well as rank distributions throughout the cell.  Therefore, an 8 Tx codebook could possibly outperform multi-TPMI/SRS based designs, but this requires further study.
Observations 11-13:
· Eight port/eight layer operation can be supported by indicating multiple TPMIs and SRS resources.
· UEs transmit a portion of layers according to a Rel-15 TPMI that corresponds to an indicated SRS resource.
· Multi-TPMI/SRS based methods should require fairly limited specification effort.
· Existing fully/partially/non-coherent codebooks, full power modes, and SRS designs could be reused.
· RAN4 tests might be extended from 2 & 4 Tx CB-based operation.
· The performance vs. an 8 Tx codebook may be worse, but needs study.
· A larger codebook combines more ports allowing more gain, but this depends heavily on UE implementation, such as coherence and antenna designs, as well as on rank distributions over a cell.

Then given the discussion on the 3 design alternatives above, we propose:
Proposal 3:
· Study the following alternatives to support 8 Tx
· 8 port UL MIMO codebooks, including fully/partially/non-coherent operation and all full power modes.
· Extending Rel-15 NCB-based operation to 8 layers
· Indicating multiple Rel-15/16 TPMIs, each corresponding to an SRS resource	
2.3	System-level simulation results
In this section, we present initial non-full-buffer SLS results to evaluate the UL throughput gains associated with increasing the number of Tx at the UE from 4 to 8 for the case when inter-sector interference is considered at different system loads. The set of SLS parameters used in this section is presented in Table 3. 
[bookmark: _Ref101990695]Table 3	Parameters used for initial SLS evaluations.
	System-level simulation parameters

	Metric
	UL mean-user throughput

	Traffic model
	FTP Model 1

	Number of sites
	7

	Number of UEs
	10000

	UE distribution
	80% indoor and 20% outdoor

	Handover margin
	3 dB

	Carrier frequency
	3.5 GHz 

	Bandwidth
	20 MHz 

	Subcarrier spacing
	30 kHz

	Channel model
	38.901

	Scenario
	UMi (200 m ISD)

	Packet size
	100 kB

	MIMO scheme
	SU-MIMO

	Power control
	, 

	Modulation
	Up to 64 QAM

	BS antenna configuration
	(,,,,,,) = (8,8,2,1,1,4,8) with (, ) = (0.5, 0.8)


	BS antenna pattern
	Directional (8 dBi, 65 BW)

	BS antenna height
	38.901

	BS noise figure
	5 dB

	UE antenna configuration
	See Table 4

	UE antenna pattern
	See Table 4

	UE antenna height
	See Table 4

	UE coherency
	See Table 4

	UE transmit power
	See Table 4



As discussed in Section 2.1, different 8 Tx UL codebook may be designed for many different scenarios and UE architectures. In what follows, we consider CB-based UL transmission where the UL 8 Tx CB is a wideband Type 1 codebook designed for a 1x4 cross-polarized ULA, and the Rel-15 UL MIMO codebook is used for the 4 Tx baseline. Note that, in these examples, the UL 8 Tx CB is the same irrespectively of the actual antenna layout at the UE. Furthermore, for 8 Tx, we consider two UL schedulers: One that restricts the maximum transmission rank to 4 and one that supports up to 8 layers. We next evaluate these choices of CB and scheduler design for two different types of UEs: A “CPE” and a “smartphone”. UE-specific simulation parameters for these two types of UEs are summarized in Table 4. For simplicity, we consider the same simulation scenario (i.e., the simulation parameters in Table 3) irrespectively of the UE type.
[bookmark: _Ref101991676]Table 4	Parameters used for the simulated types of UEs.
	Parameter
	“CPE”
	“Smartphone”

	UE antenna configuration
	(,,) = (1,{2,4},2) with 
	Pointing in different directions

	UE antenna pattern
	Isotropic
	Directional (4 dBi, 110 BW)

	UE antenna height
	According to 36.873
	According to 36.873

	UE coherency
	Fully coherent
	Fully coherent

	UE transmit power
	31 dBm
	23 dBm



In Figure 2, we show the mean-user UL throughput for 4 Tx and 8 Tx “CPE”, which we model as having fully coherent transmit ports feeding the two polarizations of a 1x4 (or 1x2, for 4 Tx) cross-polarized ULA with half-wavelength separation between isotropic antenna elements. We further assume that the UL transmit power is 31 dBm.
[image: ]
[bookmark: _Ref101993209]Figure 2	Mean-user UL throughout for CB versus served traffic with 4 Tx and 8 Tx chains. Here, we have considered a “CPE”, with 1x2 and 1x4 cross-polarized ULA, isotropic antenna elements, full coherence, and 31 dBm transmit power. 
From Figure 2, we note that, for the considered simulation scenario, 8 Tx UL MIMO offers significant throughout gains for the “CPE” compared to legacy 4 Tx UL MIMO. Similar findings are presented in [4] for a 31 dBm UE equipped with a dual-polarized 2x2 UPA. The UL throughput gains are especially prominent at low system loads where UEs are more likely to use high-rank transmissions. At high load, 8 layers yield no performance improvements compared to 4 layers due to the increased level of interference. Based on these results, we make the following observation:
Observation 14:
· [bookmark: _Toc102143339]8 Tx UL MIMO can provide throughput gains over legacy 4 Tx UL MIMO. Increasing the maximum number of layers from 4 to 8 gives significant gains at low load but marginal gains at medium-to-high load.
In Figure 3, we show the mean-user UL throughput for 4 Tx and 8 Tx “smartphone”, which we here model as having fully coherent transmit ports feeding four dual-polarized antenna elements (or single-polarized with a different polarization for each pair of antenna elements, for 4 Tx), which are pointing in different directions (i.e., one antenna element at top, bottom, right, and left of the “smartphone”). In this example, the antenna elements are assumed to be directive and the UL transmit power is 23 dBm.
[image: ]
[bookmark: _Ref101993247]Figure 3:	Mean-user UL throughout for CB versus served traffic with 4 Tx and 8 Tx chains. Here, we have considered a “smartphone” with directive cross-polarized antenna-elements that are pointing in different directions, full coherence, and 23 dBm transmit power.
From Figure 3, we note that 8 Tx UL MIMO offers no gain compared to legacy 4 Tx UL MIMO for the “smartphone”. These results are due at least in part to the considered UL CB design. Indeed, the type-I CB is not suitable for uncorrelated/directive antenna elements for which existing set of non-coherent (i.e., antenna selection) or partially coherent (i.e., antenna-pair selection) 4 Tx precoders may yield better performance as these do not waste power by transmitting in unwanted directions, causing unnecessary inter-sector interference. Based on these results, we make the following observation:
[bookmark: _Toc102143340]Observation 15:
· For CB-based UL transmission, we must consider relevant/realistic UE architectures when designing and evaluating candidate CB designs.
In Figure 4 and Figure 5, we summarize the above results for CB-based transmission by showing the UL mean-user throughput and served-traffic gains, relative to legacy 4 Tx UL MIMO at low load (20%), medium load (50%) and high load (70%). Since we observe vastly different performance for the two UE types, we reiterate that:
[bookmark: _Toc102143341]Observation 16:
· The 8 Tx codebook design and resulting throughput gains depends heavily on the considered scenario, including its interference characteristics, and on the device assumptions.
[image: ]
[bookmark: _Ref101994787]Figure 4:	UL mean-user throughput gains as a function of reference (legacy 4 Tx UL MIMO) resource utilization (i.e., at low, medium, and high load).
[image: ]
[bookmark: _Ref102045451]Figure 5	UL served-traffic gains as a function of reference (legacy 4 Tx UL MIMO) resource utilization (i.e., at low, medium, and high load).

Finally, in Figure 6, we show the mean-user UL throughput for the same “smartphone” described above but with NCB-based UL transmission approximated as an SVD rather than Type 1 CB-based. Note that there are significant gains to be had compared to legacy 4 Tx UL MIMO by increasing the number of Tx from 4 to 8 also for the “smartphone” with directive antennas.  Therefore, codebook designs beyond those solely relying on Rel-15 Type 1 downlink codebooks should be investigated.
[image: ]
[bookmark: _Ref102045428]Figure 6	Mean-user UL throughout for NCB versus served traffic with 4 Tx and 8 Tx chains. Here, we have considered a “smartphone” with directive cross-polarized antenna-elements that are pointing in different directions, full coherence, and 23 dBm transmit power.
[bookmark: _Hlk61857909]3 Conclusion
In this contribution, we have considered the use cases suitable for the devices identified in the WID and discuss simulation methodologies and assumptions needed to evaluate 8 Tx transmission schemes based on the scenarios proposed in [2].  Transmission schemes suitable for 8 Tx were categorized and their pros & cons discussed at a high level.  Lastly, initial simulation results were given for idealized codebook and non-codebook based schemes, comparing the performance of these schemes with 8 Tx against a Rel-15 4 Tx codebook based baseline.
Our observations can be summarized:
Observations:
1. It is difficult to design a solution that targets all CPE/FWA, vehicle, and industrial devices, since they represent widely different scenarios
2. System level simulations are crucial to the design of 8 Tx
· For example, the benefit of array gain and spatial multiplexing depends strongly on interference behaviors
3. There are 3 categories of 8 Tx designs with different pros & cons:
· 8 Tx codebooks can naturally maximize precoding gains for a given UE antenna configuration, but such codebook designs require substantial design effort and are sensitive to UE antenna assumptions
· Non-codebook based 8 Tx designs should be relatively straightforward to specify, but can require complex baseband and RF implementations in the UE and high SRS overhead
· Multi-TPMI/SRS based methods should require limited specification effort, but fully exploiting coherence is more challenging
4. 8 Tx UL MIMO can provide throughput gains over legacy 4 Tx UL MIMO.
5. For CB-based UL transmission, we must consider relevant/realistic UE architectures when designing and evaluating candidate CB designs.
6. The 8 Tx codebook design and resulting throughput gains depends heavily on the considered scenario, including its interference characteristics, and on the device assumptions.

Given the observations and the discussion above, we propose:
Proposals:
1. Define a limited set of deployment scenarios for Rel-18 UL MIMO relevant to market needs.
· Use the scenarios given in [2] as a starting point.
· Down select among FWA/CPE, vehicular, and industrial scenarios if possible.
· Use realistic UE transmit chains and antenna implementations.
2. Techniques are compared primarily using system-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.
· Link level simulations can additionally be used e.g. for impairments such as channel estimation 
· Evaluations are used to determine which Rel-15/16/17 UL MIMO modes should be enhanced.
3. Study the following alternatives to support 8 Tx
· 8 port UL MIMO codebooks, including fully/partially/non-coherent operation and all full power modes.
· Extending Rel-15 NCB-based operation to 8 layers
· Indicating multiple Rel-15/16 TPMIs, each corresponding to an SRS resource	
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