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1 Introduction
The latest WID [1] has been approved in the RAN plenary RAN#98 meeting. The objectives of Rel-18 MIMO evolution for downlink and uplink are described in [1] including: 
	RAN1:
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.

Check RAN1 workload situation at RAN#98 (Dec 2022). 

RAN2:
Specify higher layer support of the enhancements listed above. 

RAN4:
Specify necessary core requirements for the enhancements listed above.


In this contribution, we analyze the overall impact to RRM requirements related to the above objectives. 
In addition, from rapporteur perspective, the initial work plan for Rel-18 MIMO evolution for downlink and uplink RRM core part and performance part are provided in [2].
2 Discussion
Typically, the RAN4 RRM work on core requirements and corresponding tests will be started once RAN1/RAN2/RAN3 work have completed their work or have reached a certain level of stability/progress. But we can start high level analysis of the potential impact to RRM requirements as well as other WGs progresses are ongoing. 
CSI enhancement
For objective#1 in WID, the enhancement discussed in RAN1 focuses on two parts:
· Type-II code book refinement. 
· TRS-based TDCP (time-domain channel properties) reporting.
Observation 1: CSI enhancement in RAN1 focuses on: 1) Type-II codebook refinement 2) TRS-based TDCP reporting.
For Type-II codebook refinement, it will impact to UE performance requirements but no impact to RRM requirements.
Proposal 1: No impact to RRM requirements for Type-II codebook refinement. 
For TRS-based TDCP reporting, RAN1 discussed several mechanisms and the latest agreements in RAN1#111 are captured as below:
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select only one of the following alternatives by RAN1#112:
· AltA.1 (Doppler spread) as described in R1-2210523
· AltA.2 (Doppler shift): A UE is configured to report the Doppler shifts corresponding to the M strongest peaks of the wideband Doppler spectrum, for each of the  configured TRS resources
· A TDCP report can be configured with N periodic TRS resources (e.g., N=2 with one TRS resource per TRP)
· Parameter M is RRC configured with candidate values TBD, e.g. M=1,2,3,…
· Wideband Doppler spectrum is calculated from the wideband time correlation function, given, as an example, by  , where   and  is the channel for subcarrier n.
· AltB (TD correlation profile) as described in R1-2210523


It might introduce another type of CSI reporting. There is no RRM requirements impact.
Proposal 2: No impact to RRM requirements for TRS-based TDCP reporting. 

Unified TCI framework extension for multi-TRP
This is included in objective#2 in WID. Firstly, in Rel-17, 3GPP WGs introduced unified TCI framework for multi-beam operation. The separate DL or UL state or joint DL and UL TCI state are defined in RAN1. In RAN4, the RRM requirements for “Active downlink TCI state switching delay for unified TCI” and “Active uplink TCI state switching delay for unified TCI” are specified in section 8.15 and 8.16 in TS 38.133 respectively. In Rel-18 MIMO evolution for downlink and uplink, it will be extended to multiple TRP (M-TRP) scenario. 
  RAN1 has stated discussion for extension and made progress. In RAN1#109 meeting, the following conclusion has been agreed as:
	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 


In Rel-17, RAN4 has specified TCI switching delay for serving cell and a cell with the additional PCI. The condition is for intra-frequency. 
	Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured  SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for  SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst


Observation 2: RAN4 has specified TCI switching delay for serving cell and a cell with the additional PCI in Rel-17.
Observation 3: In Rel-18 MIMO evolution for downlink and uplink, RAN1 consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17.
In RAN1#111 meeting, the following conclusion has been agreed as:
	Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.

Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· FFS: Detail design of the new indicator field


Observation 4: The unified TCI frame work can be for S-DCI based MTRP and M-DCI based MTRP.
Proposal 3: RAN4 to discuss and specify the RRM active TCI state switching delay requirements for unified TCI frame for S-DCI based MTRP and M-DCI based MTRP. 
When we start the detailed delay requirements discussion, RAN4 should have the consensus on the assumption of MTRP. 
Proposal 4: RAN4 should discuss the assumption of MTRP for intra-cell and inter-cell. such as: whether the condition in Rel-17 can be reused.
In Rel-17, TRP specific Link Recovery Procedures have been specified in section 8.18 in TS 38.133. It is for TRP specific BFR
For unified TCI framework extension, there are potential RRM impact on similar requirements.
In RAN1#109 meeting, the following conclusion has been agreed as:
	Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request



Proposal 5: RAN4 can use section 8.18 of TRP specific link recovery procedure as start point to specify the MTRP TRP specific BFR requirements. There might be differences for S-DCI based MTRP and M-DCI based MTRP. To specify detailed MTRP TRP specific BFR requirements, further RAN1 progress is needed. 
Observation 5: The MTRP TRP specific BFR requirements may be affected by whether UE can support DL simultaneous reception. RAN4 needs to discuss about the assumption. 
But there is another started Rel-18 WI “NR_FR2_multiRX_DL”. There is similar discussion when UE can support DL simultaneous reception. To reduced the overlap work, we propose to deprioritize the discussion when UE can support DL simultaneous reception.
Proposal 6: RAN4 to discuss and specify the MTRP specific BFR when UE cannot support DL simultaneous reception. Deprioritize the discussion on whether can support DL simultaneous reception and related RRM core requirements. 

Two TAs for multi-DCI
For objective#7 in WID, RAN1 discussed and the agreement in RAN1#109 meeting is listed as below:
	Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.


In RAN4#104-bis-e meeting, LS (R1-2205593) is sent from RAN1. RAN4 started initial discussion. RAN4 sent reply LS (R4-2217279) to RAN1 for agreed MRTD/MTTD. From the discussion, we can conclude there are RRM requirements impact for this objective. RAN4 should specify MRTD/MTTD requirements for multi-DCI multi-TRP with two TAs. The details for this discussion from our side is listed in [3].
Proposal 7: RAN4 should specify MRTD/MTTD requirements for multi-DCI multi-TRP with two TAs.

Increased number of orthogonal DMRS ports
The enhancement discussed in RAN1 focuses on the reference signal design. 
It will impact to UE performance requirements but no impact to RRM core requirements.
Proposal 8: No impact to RRM core requirements for increased number of orthogonal DMRS ports. 

[bookmark: _Toc118699415][bookmark: _Toc120867852]SRS enhancement targeting TDD CJT and 8 TX operation
RAN1 discussed SRS enhancements such as 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwithing’. In previous release, RAN4 specified the requirements of Interruptions at NR SRS antenna port switching. In RAN1#111 meeting, the agreements are listed as below:
	Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14]


The OFDM symbols of m is still FFS in RAN1.
In previous discussion when SRS antenna port switching, the common understanding is the components of the interruption time of SRS antenna port switching are: antenna switching time before and after SRS transmission; SRS transmission time of X symbols. And in the requirements, it is separated to 1 SRS symbol is configured or others (X=6 SRS symbols). In Rel-18, when SRS enhancements are introduced, the SRS durations may be extended. It is needed to check whether the current requirement can be reused or not. 
Proposal 9: RAN4 to discuss whether any enhancement for interruption at SRS antenna port switching is needed or not. Need further RAN1 conclusion.

[bookmark: _Toc118699416][bookmark: _Toc120867853]Enhanced uplink transmission
For objective#6 in WID, the enhancement discussed in RAN1 focuses on two parts:
· UL precoding indication for multi-panel transmission. 
· SRI/TPMI enhancement for enabling 8 TX UL transmission.
For SRI/TPMI enhancement for enabling 8 TX UL transmission, it will impact to UE performance requirements but no impact to RRM requirements.
Proposal 10: No impact to RRM requirements for SRI/TPMI enhancement for enabling 8 TX UL transmission. 
For UL precoding indication for multi-panel transmission, it seems that FDM/SDM/SFN are supported. The only potential RRM requirements is the timing difference for multi-panel transmission especially for SFN scheme. 
Proposal 11: FFS on whether to specify the RRM requirements for maximum timing difference for multi-panel transmission.

Proposal 12:
In summary, the potential RRM impact is as below:
	Topic
	Sub-topic
	RRM impact

	Multi-TRP enhancement
	Unified TCI framework extension for multi-TRP
	YES

	
	Two TAs for multi-DCI
	YES

	CSI enhancement
	-

	Reference signal enhancement
	Increased number of orthogonal DMRS ports
	-

	
	SRS enhancement targeting TDD CJT and 8 TX operation
	FFS

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

	
	SRI/TPMI enhancement for enabling 8 TX UL transmission
	-



3 Conclusion
In this contribution, we provide our consideration of potential RRM impact for Rel-18 MIMO evolution for downlink and uplink and our proposals are:
Observation 1: CSI enhancement in RAN1 focuses on: 1) Type-II codebook refinement 2) TRS-based TDCP reporting.
Proposal 1: No impact to RRM requirements for Type-II codebook refinement. 
Proposal 2: No impact to RRM requirements for TRS-based TDCP reporting.
Observation 2: RAN4 has specified TCI switching delay for serving cell and a cell with the additional PCI in Rel-17.
Observation 3: In Rel-18 MIMO evolution for downlink and uplink, RAN1 consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17.
Observation 4: The unified TCI frame work can be for S-DCI based MTRP and M-DCI based MTRP.
Proposal 3: RAN4 to discuss and specify the RRM active TCI state switching delay requirements for unified TCI frame for S-DCI based MTRP and M-DCI based MTRP. 
Proposal 4: RAN4 should discuss the assumption of MTRP for intra-cell and inter-cell. such as: whether the condition in Rel-17 can be reused.
Proposal 5: RAN4 can use section 8.18 of TRP specific link recovery procedure as start point to specify the MTRP TRP specific BFR requirements. There might be differences for S-DCI based MTRP and M-DCI based MTRP. To specify detailed MTRP TRP specific BFR requirements, further RAN1 progress is needed. 
Observation 5: The MTRP TRP specific BFR requirements may be affected by whether UE can support DL simultaneous reception. RAN4 needs to discuss about the assumption. 
Proposal 6: RAN4 to discuss and specify the MTRP specific BFR when UE cannot support DL simultaneous reception. Deprioritize the discussion on whether can support DL simultaneous reception and related RRM core requirements.
Proposal 7: RAN4 should specify MRTD/MTTD requirements for multi-DCI multi-TRP with two TAs.
Proposal 8: No impact to RRM core requirements for increased number of orthogonal DMRS ports.
Proposal 9: RAN4 to discuss whether any enhancement for interruption at SRS antenna port switching is needed or not. Need further RAN1 conclusion.
Proposal 10: No impact to RRM requirements for SRI/TPMI enhancement for enabling 8 TX UL transmission. 
Proposal 11: FFS on whether to specify the RRM requirements for maximum timing difference for multi-panel transmission.
Proposal 12:
In summary, the potential RRM impact is as below:
	Topic
	Sub-topic
	RRM impact

	Multi-TRP enhancement
	Unified TCI framework extension for multi-TRP
	YES

	
	Two TAs for multi-DCI
	YES

	CSI enhancement
	-

	Reference signal enhancement
	Increased number of orthogonal DMRS ports
	-

	
	SRS enhancement targeting TDD CJT and 8 TX operation
	FFS

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

	
	SRI/TPMI enhancement for enabling 8 TX UL transmission
	-
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