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1 Introduction
In the latest approved updated WID on Rel-18 MIMO evolution for downlink and uplink, the following objectives has been captured for RAN1. RAN4 is also mentioned to specify necessary core requirements for the enhancements listed in the WID [1]:
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
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.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



As highlighted above, the WID includes some objectives which may have the impact on UE RF requirements from our point of view. However, given that RAN1 discussions are still ongoing, the potential impact on the UE RF requirements shall be further evaluated in RAN4 until the RAN1 design is clear. 
2 Discussion
In this contribution, the overall impact of the following sub-topics has been analysed in the view of RAN4 UE RF requirements and rapporteur company.
(1) Simultaneous transmission with multi-panel (STxMP)
(2) 8Tx uplink transmission
(3) Power control for multi-TRP enhancements
Overall, it should be noted that both STxMP and 8Tx UL are targeting CPE/FWA/vehicle/Industrial devices only as limited by WID for Rel-18 MIMO [1].
Proposal 1:		Both STxMP and 8Tx UL are targeting CPE/FWA/vehicle/Industrial devices only as limited by WID for Rel-18 MIMO.
2.1 Simultaneous transmission with multi-panel (STxMP)
RAN4 has touched and discussed STxMP already while handling the LS on UE power limitation for STxMP from RAN1. However, due to the lack of consensus among RAN4 companies on the terms used in their assumptions [2], the reply LS has never been sent out for last three meetings unfortunately. It was also because RAN4 has not started the WI discussion on the general impact of the STxMP on RF requirements. Therefore, by initiating the WI in RAN4, it is the time to have the reply LS to RAN1 for their remaining discussions, and better understanding of the STxMP from RAN4’s point of view. Based on that, the draft reply LS on UE power limitation for STxMP in FR2 is provided in [3].
Observation 1:	It is the time to have the reply LS to RAN1 for their remaining discussions, and better understanding of the STxMP from RAN4’s point of view.
When it comes to the discussion to figure out if STxMP has an impact to the RAN4 specification, we believe that it fully depends on the future discussion in RAN4 because both per-panel and per-UE based power control for STxMP, as assumed in [2], are still applicable to STxMP given the RAN1 discussion. Then, in other words, both per-panel and per-UE based STxMP can be considered as a concept of power boosting with two panels and power sharing between two panels, respectively, from RAN1’s perspective.
Observation 2:	Whether the impact of STxMP on UE RF requirements fully depends on the future discussion in RAN4 because both per-panel and per-UE based power control for STxMP.
Regarding the first assumption on power limitation per panel for STxMP, it can be considered in RAN4 for defining related requirements such as per-panel based configured output power and its necessary requirements to be captured for the bounds at least. Briefly, if UE can configure and report its maximum output power by panel for the simultaneous transmission, the base station can consider the per-panel information for better PUSCH scheduling based on each power headroom reporting. It can also enable UE to have better uplink performance based on the per-panel condition as long as it ensures the regulatory requirement.
However, the approach to specify the whole concept of per-panel based requirements definitely requires lots of impact on the RAN4 RF requirements. For example, although the per-panel requirement for STxMP should be based on the panel definition, it would be not promising as we could see in previous RAN4 discussions. RAN4 should consider the aspect and the workload for STxMP discussion.
Observation 3:	Power limitation per panel for STxMP can be considered in RAN4 for defining related per-panel based requirements
Observation 4:	Approach to specify the whole concept of per-panel based requirements definitely requires lots of impact on the RAN4 RF requirements
For the second assumption on total power limitation per UE over all UE panels used for STxMP, we also believe that it would be a feasible with two approaches in RAN4. One is to keep the current per-UE or per-band based RF requirements for STxMP in terms of the total power limitation. As long as the total power of the active panels can be kept as the current single panel transmission, it would be the least effort approach for RAN4 because the UE supporting STxMP can also be applied to the legacy minimum RF requirements of single panel transmissions. The other one is to have additional requirements for STxMP, e.g., minimum peak EIRP and/or EIRP spherical coverage for STxMP, as RAN4 had discussed for inter-band UL CA in Rel-17. However, we noticed that the total power concept for the dual transmission was not preferred looking back on the previous RAN4 discussions.
Observation 5:	As long as the total power of the active panels can be kept as the current single panel transmission, it would be the least effort approach for RAN4.
Observation 6:	Total power concept for the dual transmission was not preferred looking back on the previous RAN4 discussions.
Consequently, it can be concluded that RAN4 has multiple options to define the UE RF requirement for STxMP, and whether which requirement can be defined to support Rel-18 STxMP is fully dependent on future discussion. However, it should be noted that RAN4 has to consider both performance benefits and workload aspects during the WI discussion in Rel-18.
Observation 7:	RAN4 has multiple options to define the UE RF requirement for STxMP
Proposal 2:		RAN4 has to consider both performance benefits and workload aspects during the WI discussion in Rel-18.
2.2. 8Tx uplink transmission
For 8Tx uplink operation to support 4 and more layers per UE in uplink targeting CPE/FWA/vehicle/Industrial devices, RAN1 discussion is still ongoing with multiple options for each feature design including codebook-based, non-codebook-based, 2 codewords and full/non-full power modes. For example, for full-power transmission for 8Tx UE, following diverse PA architectures are considered by partially/non-coherent 8TX precoder.
	Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
1. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
1. This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	






According to the RAN1’s status, we could understand that RAN1 is still checking various options for multiple features to support 8Tx operations from RAN1 perspective. However, since nothing is decided yet for the RF performance, it is premature to decide whether it has an impact to UE RF requirement. Moreover, given that RAN4 has a Rel-18 WI on further RF requirements enhancement for NR frequency range 1 having 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices, it is reasonable for RAN4 not to specify the requirement for 8Tx related objective in Rel-18. In our view, RAN4 can resume the discussion in the future based on the ongoing 4Tx study of the UE RF framework, architecture and requirements, and 8Tx market demand.
Observation 8:	RAN1 is still checking various options for multiple features to support 8Tx operations from RAN1 perspective.
Proposal 3:		RAN4 should resume the discussion in the future based on the ongoing 4Tx study of the UE RF framework, architecture and requirements, and 8Tx market demand.
2.3 Power control for multi-TRP enhancements
Regarding the power control for multi-TRP enhancements, we found that RAN1 has agreed to discuss the power control aspect in the last stage of the multi-TRP enhancement discussion. Even though they started the discussion in the end, we expect that nothing will be newly introduced in terms of the power control for multi-TRP enhancements. Therefore, we would like to propose to remove the topic from the UE RF workplan of Rel-18 MIMO evolution.
Observation 9:	It is expected that nothing will be newly introduced in terms of the power control for multi-TRP enhancements
Proposal 4:		RAN4 to remove the topic of power control for multi-TRP enhancements from the UE RF workplan of Rel-18 MIMO evolution.
Conclusion
In accordance with the WI objectives and our analysis with the RAN1 progress, the potential impact of Rel-18 NR MIMO evolution WI on RAN4 RF requirements can be summarized as below.
Table 1: Summary of the impact on RAN4 RF requirements
	Sub-topics
	Objectives
	UE RF impact

	Multi-TRP enhancement
	Unified TCI framework extension for multi-TRP
	NO

	
	Two TAs for multi-DCI
	-

	CSI enhancement
	CSI reporting enhancement for high/medium UE velocities
	-

	
	Enhancement of CSI acquisition for CJT 
	-

	
	Time domain channel property (TDCP)
	-

	Reference signal enhancement
	Increased number of orthogonal DMRS ports
	-

	
	SRS enhancement targeting TDD CJT (up to 4 Tx)
	-

	Enhanced uplink transmission
	UL precoding indication for multi-panel transmission
	YES

	
	SRI/TPMI/SRS/DMRS enhancement for enabling 8 TX UL transmission
	FFS


With that, following observations and a proposal were derived.
Proposal 1:		Both STxMP and 8Tx UL are targeting CPE/FWA/vehicle/Industrial devices only as limited by WID for Rel-18 MIMO.
Observation 1:	It is the time to have the reply LS to RAN1 for their remaining discussions, and better understanding of the STxMP from RAN4’s point of view.
Observation 2:	Whether the impact of STxMP on UE RF requirements fully depends on the future discussion in RAN4 because both per-panel and per-UE based power control for STxMP.
Observation 3:	Power limitation per panel for STxMP can be considered in RAN4 for defining related per-panel based requirements
Observation 4:	Approach to specify the whole concept of per-panel based requirements definitely requires lots of impact on the RAN4 RF requirements
Observation 5:	As long as the total power of the active panels can be kept as the current single panel transmission, it would be the least effort approach for RAN4.
Observation 6:	Total power concept for the dual transmission was not preferred looking back on the previous RAN4 discussions.
Observation 7:	RAN4 has multiple options to define the UE RF requirement for STxMP
Proposal 2:		RAN4 has to consider both performance benefits and workload aspects during the WI discussion in Rel-18.
Observation 3:	RAN1 is still checking various options for multiple features to support 8Tx operations from RAN1 perspective.
Proposal 3:		RAN4 should resume the discussion in the future based on the ongoing 4Tx study of the UE RF framework, architecture and requirements, and 8Tx market demand.
Observation 9:	It is expected that nothing will be newly introduced in terms of the power control for multi-TRP enhancements
Proposal 4:		RAN4 to remove the topic of power control for multi-TRP enhancements from the UE RF workplan of Rel-18 MIMO evolution.
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