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Introduction
[bookmark: _GoBack]The NR MIMO evolution for downlink and uplink for R18 has been discussed in RAN1/2 and the latest WID is in [1]. RAN4 has discussed related LS but is now starting to have general discussion on this. 
In this paper, a brief overview was done regarding the possible RF requirement impact.
Discussion
According to WID [1], there are a total of seven objectives which can be briefly summarized below:
1. CSI reporting enhancement for high/medium UE velocities
· Codebook, reporting channel properties
2. Extension of Unified TCI framework
· for multi-TRP
3. DMRS enhancement
· increasing orthogonal ports
4. CSI acquisition enhancements for coherent-JT
· Code book refinement, SRS enhancement
5. 8 antenna ports enhancements for UL support 4 and more layers
· UL DMRS, SRS, SRI, and TPMI…
6. simultaneous multi-panel UL transmission
· Precoding/Beam indication…
7. Two TAs and Enhanced power control for UL multi-TRP
Among those objectives, they can be roughly divided into the following categories:
· Multi-TRP related
· 8 antenna ports enhancement
· CSI & DMRS enhancement
Here are some of brief analysis of those objectives and possible RF impact.

Multi-TRP related
The objective number 2/6/7 is multi-TRP related.
The mTRP has been studied since Rel-16, in which DL is focused and UL is only slightly touched. Rel-17 was focused on DL control channel and UL mTRP, and simultaneous multi-TRP transmission with multi-panel reception. Currently in Rel-18, the following mTRP related scope is listed and a brief analysis is done for each of the oejective: 
· No. 2: Extension of Unified TCI framework:
No explicit RF impact is foreseen.
· No. 6: Simultaneous multi-panel UL transmission:
The mTRP case include both simultaneous and TDM transmission, while simultaneous case is studied in Rel-18. This would have considerable RAN4 impact including at least the power limitation part. This topic actually has been discussed for several meetings based on an incoming RAN1 LS which unfortunately still haven’t been replied yet.
· No. 7: Two TAs and Enhanced power control for UL multi-TRP:
The TA related discussion is RRM related thus was not included in this paper. 
The power control of mTRP can be divided into simultaneous and non-simultaneous case, with the latter one similar to legacy case and the former one can also be categorized into the impact of multi-panel UL transmission.
Based on the analysis, the following observation is provided:
Observation 1: For mTRP related objectives, only simultaneous multi-panel UL transmission (STxMP) may have impact for RAN4 UE RF requirements.

Here are some more parts might be impacted as following:
· Maximum output power / configured output power
The maximum output power / configured output power part have been discussed for several meetings related to RAN1’s LS about STxMP. Though not much agreements and not reply on this topic, it still seems that there would be some impact on RAN4 UE RF requirments.
· Beam correspondence
Currently there are Beam correspondence requirements for power class 3/5/6/7, which have some overlapping with CPE/FWA/vehicle/industrial device types. 
This requirement focused on verifying UE’s ability to select a suitable beam for UL transmission based on DL measurements. Though not explicitly written out, there is currently only one beam is considered for the test case. In case of simultaneous multi-panel transmission, multiple beams were targeted for multi-TRP scenario, and further analysis would be needed to see whether and how to extend the current requirements.
· Test configuration/procedure such as probe number
Currently only one probe is needed for FR2 Tx tests. However, with the introduction of STxMP and simultaneous Tx multiple beams, multiple probes might be needed to emulate the multiple-TRP scenario. Considering the current discussion in Multi-RX DL WI, there could be also similar complicated test grid coverage problems.
· Test Metric
Compared to DL which relies on more complicated throughput tests, the Tx requirements may be somewhat simpler since only power need to be measured in certain direction and EIRP/TRP are still most likely basic metric to be used. However, the multiple beam transmission may still need new test metric to consider the actual achievable performance in multi-TRP case.
Observation 2: The following requirements and test related issues may need to be considered for UE RF impact:
· Maximum output power / configured output power
· Beam correspondence
· Test configuration/procedure such as probe number
· Test Metric

In Rel-17, there was a debate on whether and how to verify the multi-Rx DL in MIMO WI, it finally turns out to be a topic far more complicated to be treated in Rel-17, and a dedicated WI was later set up for Rel-18 for this feature. After discussion for several meetings of in-depth analysis, there are still quite limited agreements and solid progress. 
In addition, the power limitation for STxMP has also been discussed in RAN4 for several meetings. However, no solid agreements have been reached, and even some of the basic concept such as “panel” remains unsettled.
Furthermore, from UE types point of view, handheld UE was not included in the UE types. Thus it may imply that the deployment need from operator may not that urgent. 
Observation 3: The UE RF impact for STxMP may be complicated and also related to current Rel-18 Multi-Rx WI. The deployment need may also be less than multi-Rx since no handheld UE was considered. 

Based on these conditions, there are some different options for the how to introduce the requirements.
· Option 1: Introduce the requirements for multi-panel UL transmission into Rel-18 in this WI.
· Pros: 	Natural and usual choice for a WI
· Cons: 	
· May not easy considering the discussion history of multi-Rx and power limitation for STxMP.
· The deployment need may not that urgent, since handheld UE was not included in this WI.

· Option 2: Postpone thee requirements for multi-panel UL transmission to Rel-19.
· Pros: 	Greatly reduce workload. May be more efficient after the completion of Multi-panel Rx.
· Cons: 	This release would lack requirements for STxMP 

· Option 3: Define partial requirements in Rel-18 and seek complete solution in Rel-19.
· Pros: 	May have some compromise between two previous options.
· Cons: Not a usual procedure and possible misalignment between requirements.

Based on the previous observations and analysis, the following proposal is provided:
Proposal 1: Study simultaneous multi-panel UL transmission for RAN4 UE RF impact for CPE/ FWA/ vehicle/ industrial devices and decide whether and how to introduce them into Rel-18. 

8 antenna ports enhancement
The No. 5 objective is this issue. 8Tx is obviously have considerable RAN4 impact. However, RAN4 can study this feature based on industry need and other factors, and not necessarily have to start in the same release with RAN1. The 4Tx feature is available in RAN1 since Rel-15, but only currently in Rel-18 this is included in FR1 enhancement WI and still progressing. There still exist a number issues for the ongoing 4Tx topic such as MPR derivation.
Observation 4: 8Tx related features have RAN4 UE RF impact, at least for FR1.
Observation 5: 4Tx requirements is still under discussion in Rel-18. 
Based on the current situation and the RAN4 tradition, unless there are strong support from real need, the 8Tx related discussion is suggested to be postponed to later release, at least after 4Tx is completed.
Proposal 2: Postpone 8Tx related discussion to later release in RAN4.

CSI & DMRS enhancement
No. 1/3/4 objective can be categorized into this category.
Based on initial analysis, we can have the following observation:
Observation 6: CSI & DMRS enhancement would not have UE RF requirements.

Conclusion
In this paper, the UE RF impact of R18 MIMO evolution is discussed and following observation and proposals are provided.
Observation 1: For mTRP related objectives, only simultaneous multi-panel UL transmission (STxMP) may have impact for RAN4 UE RF requirements.
Observation 2: The following requirements and test related issues may need to be considered for UE RF impact:
· Maximum output power / configured output power
· Beam correspondence
· Test configuration/procedure such as probe number
· Test Metric
Observation 3: The UE RF impact for STxMP may be complicated and also related to current Rel-18 Multi-Rx WI. The deployment need may also be less than multi-Rx since no handheld UE was considered. 
Observation 4: 8Tx related features have RAN4 UE RF impact, at least for FR1.
Observation 5: 4Tx requirements is still under discussion in Rel-18. 
Observation 6: CSI & DMRS enhancement would not have UE RF requirements.

Proposal 1: Study simultaneous multi-panel UL transmission for RAN4 UE RF impact for CPE/ FWA/ vehicle/ industrial devices and decide whether and how to introduce them into Rel-18. 
Proposal 2: Postpone 8Tx related discussion to later release in RAN4.
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