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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 precoding for multi-panel UL transmission reads:
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.

For completeness, the full objective is included. The parts that are not applicable for this AI are written in italics.
In this contribution, we will provide a high-level overview of how the objective should be approached. We will also provide input to the scenarios, and evaluation assumptions. Finally, we will provide initial simulation results on the STxMP performance.
[bookmark: _Ref178064866]2	Discussion
UEs operating in FR2 are commonly equipped with multiple antenna panels, where each antenna panel can perform analog beamforming. The panel layout is left to UE design, and the selection of which panel to use for transmission is left to UE implementation. The UE selects one beam for reception and transmission in a panel of its choice. The NW must know from which direction it will receive the UL signals and configures the UE with a spatial relation or an UL TCI state. 
Fundamentally, it would be beneficial if the UE could transmit using more than one panel, and there is nothing in the standard that prevents the UE from doing that: it could transmit identical signals from the two panels. 
[bookmark: _Toc102144556]The UE can already today transmit from multiple panels at the same time, using identical copies of the signal.
These two signals would have to be transmitted in the same direction, to ensure that the TRP can receive them. Also, the two copies would combine non-coherently at the TRP.  Transparent TxD is already specified in RAN4, and so such an approach is already well established for the single panel case.
Simultaneous multi-panel transmission (STxMP) was discussed in Rel-16. The motivation has been to investigate if it is possible to improve the performance as compared to single-panel transmission, or transparent TxD.  However, a UE that is capable of simultaneous transmission over multiple panels has high complexity, and STxMP was discarded early in the Rel-16 discussion and was never really considered due to the increased complexity of the UE implementation. Still in Release-18, there are complexity concerns, and the gains for the feature must motivate that increased complexity.   
[bookmark: _Ref101860409][bookmark: _Toc102144557]Simultaneous transmission over multiple panels is associated with a significant complexity, and a specification effort must be motivated by significant performance gains. 
Observation 2 is acknowledged in the WID: objective 6 state “Study, and if needed specify,…”.
In this AI, we will investigate if the feature provides any significant gains. If the gains are deemed to be significant to motivate specification, RAN1 can decide to introduce specification support of simultaneous transmission over up to UE panels. Such a decision could be taken once the feature has been thoroughly evaluated.
If there are gains with STxMP, we will specify the beam indication aspects in AI 9.1.1.1 and the precoding aspects in AI 9.1.4.1. 
The beam indication aspects would include a method to provide the UE with up to two UL TCI states, as well as a mapping between SRS ports and the TCI state(s). The precoding aspect includes the layer-to-SRS port mapping and potentially a codeword-to-layer mapping. However, discussions should first focus on proving significant benefits of techniques before spending time debating the detailed designs.
In the objective, it is stated that the focus should be on multi-TRP. The reason to focus on multi-TRP is that the foreseen gains are larger there, whereas investigations in previous releases show that the benefits are small in sTRP scenarios.
In the objective, it is also stated that UL precoding should consider single-DCI and multi-DCI based multi-TRP operation. To us, single-DCI multi-TRP UL operation is no different from single-TRP operation, since the UL is transmitted to the same TRP in single-DCI multi-TRP operation:
[bookmark: _Toc102144558]For the UL, single-DCI multi-TRP operation is equivalent to single-TRP operation.
Thus, a precoding solution that works for single-DCI multi-TRP operation would also work for single-TRP operation.
Looking at the multi-TRP specification efforts over the past three releases, it is becoming increasingly clear that the separation in single-DCI and multi-DCI has led to significant complications. In many cases, to separate evolution tracks need to be maintained, and it is a constant struggle to maintain parity for the functionality.
For UL multi-panel transmission, it would be advantageous to have one solution that works for single-DCI multi-TRP, multi-DCI multi-TRP, and single TRP:
[bookmark: _Toc102144565]Strive for a common precoding indication solution for single-DCI and multi-DCI based multi-TRP operation.
One design issue that needs to be consider is how many codewords to use for STxMP. Currently in NR, one codeword is used for up to four layers. In general, staying with a single codeword is quite beneficial from a higher layer point of view since there are no impacts to HARQ. The overhead also increases with an increased number of codewords. Finally, it is good to have a consistent rule when it comes to the relation between the number of layers and codewords, to limit the number of options – there are too many options in NR already. 
[bookmark: _Toc102144566]Stay with one codeword for STxMP unless significant benefits can be demonstrated.
Of course, if there are significant benefits with two codewords for STxMP, it can be considered.
Finally, we note that there is also an issue on how to select the precoder for UL. In principle, it would be possible to use either one or two SRIs in the UL scheduling grant. With one SRI, the Rel-15 precoders defined for partially coherent transmission would be suitable. Such a solution would be quite simple to specify. On the other hand, it would be limited to a small number of ports per panel, although precoders for more than 4Tx may developed in Rel-18. A solution based on multiple SRIs/TPMIs may be more flexible, but would lead to higher overhead. We propose
[bookmark: _Toc102144567]Further study if the UL grant should contain one or two SRIs/TPMIs.
2.1	Evaluation assumptions
Objective 6 targets ‘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.  Furthermore, such devices will require that the scenarios in which these devices are used are defined.  
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.
[bookmark: _Toc102144559]A consumer deployed FWA device resembles a smartphone device in many important aspects.
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.
Summing up, it is impossible to design a solution targeting all CPE/vehicle/industrial devices, since they represent radically different requirements. 
[bookmark: _Toc102144560]It is impossible to design a solution that targets all CPE/FWA/vehicle/industrial devices, since they represent widely different scenarios.
However, as already mentioned in the introduction, multi-panel UEs are already present on the market: smartphones operating in FR2 are typically equipped with multiple panels. These smartphones can only transmit from one panel at a time – but at least the RF hardware is in place:
[bookmark: _Toc102144561]Commercial smartphones operating in FR2 are equipped with multiple panels but can only transmit from one panel at a time.
As mentioned above, such a smartphone would resemble a consumer deployed FWA device in many important aspects. Based on this, we propose
[bookmark: _Toc102144568]Evaluate the benefits of STxMP for a smartphone device.
A solution that is beneficial for a smartphone device would also be beneficial for a consumer deployed FWA device. 
Fortunately, a smartphone device with multiple panels was already discussed and considered for evaluation in Rel-17 [2]. We propose to use these evaluation assumptions as a starting point when we evaluate the benefits of STxMP:
[bookmark: _Toc102144569]Use the EVMs in [2] as a starting point when defining EVMs for STxMP evaluations.
When simultaneous multi-panel transmission is compared to single-panel transmission, several aspects need to be taken into account:
The received signal power will be different, at least when the signal is transmitted to one TRP.
The generated interference will be different, since the signal transmitted from the additional panel will generate more interference.
The load will be different, since the STxMP UE may consume resources in multiple TRPs.
To evaluate these three aspects, system level evaluations should be performed. Link level simulations cannot capture the effects of increased interference or load:
[bookmark: _Toc102144570]Evaluate the benefits of STxMP using system simulations. 
Link simulations could be considered as a complement, if the need should arise. 
2.1.1	System simulation setup
To evaluate the performance of STxMP, system simulations have been performed. We compare STxMP (simultaneous transmission from 2 panels) with Panel Selection (transmission from one of two panels). Two scenarios have been selected for the simulations: Indoor and Dense Urban. We evaluate STxMP under the assumption that the transmissions from each panel reach different TRPs. This is the most favourable scenario for STxMP. Note that a UE in this case uses resources from two TRPs:
[bookmark: _Toc102144562]An STxMP UE uses resources from two TRPs.
We will see the impact of this when we study a loaded scenario.
A single-carrier FR2 system is considered. The UE uses SVD precoding to transmit up to two layers to each TRP. Both full buffer and FTP model 1 are considered. The UE transmit power is 23dBm EIRP per panel for the Indoor and Dense urban scenario.
2.2	System-level simulation results
In the following sections results from the initial evaluations are presented. 
2.2.1	Indoor hotspot
The indoor scenario is favourable for STxMP where low ISD and pathloss allow transmission from both panels with high MCS to the receiving TRPs enabling up to rank 4 transmissions.
Full buffer
The full buffer results are depicted in Figure 1.
For the full buffer case a scenario with only 1 randomly dropped UE has been analysed. This is important to have an upper-bound of the performance gains of STxMP when the number of Rx resources utilized is not an issue.
[image: ][image: ]
[bookmark: _Ref102132140]Figure 1: User throughput and Rank distribution for indoor hotspot
We can see that there is a clear gain with STxMP for high percentiles, whereas the gain for cell-edge UEs is smaller.
The rank distrubution figure shows that in this Indoor configuration, rank 1 is never used and that rank 3 and 4 are often used for STxMP.
Non-full buffer 
The non-full buffer results are depicted in Figure 2. 
[image: ] [image: ]
[bookmark: _Ref102131899]Figure 2: Cell-edge and median throughput for indoor hotspot
For the non-full buffer results, STxMP performs better at lower RUs, when the double amount of Rx resources used by STxMP is not an issue. On the other hand, STxMP will have lower throughput than panel selection at higher RU where the extra Rx resources used by STxMP will impact how often a UE can be served. Moreover, the transmissions from the other panel will increase the overall interference in the system. The performance gain of STxMP at different load levels is shown in Table 1.
	
	20% RU 
(~30% RU for STxMP)
	50% RU 
(~70% RU for STxMP)
	60% RU 
(~82% for STxMP)

	Mean
	23%
	4%
	-9%

	Cell-edge
	14%
	-2%
	-45%

	50%
	15%
	-6%
	-20%

	95%
	37%
	31%
	19%


[bookmark: _Ref102132872]Table 1: The gain of STxMP at different load levels.
Summing up, we observe
[bookmark: _Toc102144563]For the indoor scenario, STxMP provide benefits at low load. 
2.2.2	Dense urban
The Dense Urban scenario is harsher for STxMP where the higher ISD and a mixed of indoor and outdoor UEs cause a higher pathloss than the one experienced in the Indoor scenario.  This is to some extent compensated for by a larger base station antenna.
Full buffer
For the full buffer case a scenario with only 1 randomly dropped UE has been analysed. This is important to have an upper-bound of the performance gains of STxMP when the number of Rx resource utilized is not an issue.
[image: ][image: ]
Figure 3: User throughput and Rank distribution for dense urban
For this case, there is only a gain with STxMP at quite high percentiles: the cell-edge throughput is not improved by the transmissions from the additional panel and both cases are power limited.
The rank distrubution figure shows that in this dense urban configuration rank 3 and 4 are highly used, respectively 10% and 30% of the times but that rank 1 is used around 30% of the times by both panel selection and STxMP.
Summing up, we observe
[bookmark: _Ref102133717][bookmark: _Toc102144564]For the dense urban scenario, STxMP provide benefits only for UEs in good conditions. 
We note that Observation 9 may impact the non-full buffer results, where UEs in bad conditions tend to dominate the results.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE can already today transmit from multiple panels at the same time, using identical copies of the signal.
Observation 2	Simultaneous transmission over multiple panels is associated with a significant complexity, and a specification effort must be motivated by significant performance gains.
Observation 3	For the UL, single-DCI multi-TRP operation is equivalent to single-TRP operation.
Observation 4	A consumer deployed FWA device resembles a smartphone device in many important aspects.
Observation 5	It is impossible to design a solution that targets all CPE/FWA/vehicle/industrial devices, since they represent widely different scenarios.
Observation 6	Commercial smartphones operating in FR2 are equipped with multiple panels but can only transmit from one panel at a time.
Observation 7	An STxMP UE uses resources from two TRPs.
Observation 8	For the indoor scenario, STxMP provide benefits at low load.
Observation 9	For the dense urban scenario, STxMP provide benefits only for UEs in good conditions.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Strive for a common precoding indication solution for single-DCI and multi-DCI based multi-TRP operation.
Proposal 2	Stay with one codeword for STxMP unless significant benefits can be demonstrated.
Proposal 3	Further study if the UL grant should contain one or two SRIs/TPMIs.
Proposal 4	Evaluate the benefits of STxMP for a smartphone device.
Proposal 5	Use the EVMs in [2] as a starting point when defining EVMs for STxMP evaluations.
Proposal 6	Evaluate the benefits of STxMP using system simulations.
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Appendix: Simulation parameters
	Parameters
	Values

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor.
· Indoor (TR 38.901/802), 12 sites, 1 sector per cell

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz

	BS Antenna Configuration
	· Dense Urban: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
· Indoor: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ.

	UE Antenna Configuration
	2 back-to-back panels. Panel structure: (M, N, P) = (1, 4, 2), dH = 0.5λ

	UL precoder
	SVD

	TX Rank
	Each panel can transmit up to rank 2, so up to rank two with panel selection and up to rank 4 for STxMP.

	Traffic Model
	Full buffer 
FTP model 1 with packet size 0.5 Mbytes

	UE and panel orientation
	Vertical but random in azimuth

	UE dropping
	Random

	UE Tx power EIRP
	23dBm 
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