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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.4	RAN4
2.4.1	Agreements
RAN4 #106-bis-e (Electronic Meeting, 17 April –26 April, 2023)
1. UE RF requirement
WF on NR FR2 HST UE RF for simultaneous multi-panel operation is approved in R4-2306606. 

Way forwards on simultaneous multi-panel operation for FR2 HST PC6 UE are provided as: 
Sub-topic #1: bi-directional deployment scenario
Issue 1-1: 2AoA spherical coverage area and DL power requirement
Agreement
· For 2AoA spherical coverage area for bi-directional scenario, take legacy 1AoA spherical coverage area as the starting point, i.e., Area-1 and Area-2.
· The concerned two AoA directions should be selected from different coverage areas, i.e., Area-1 and Area-2 respectively
· Further discuss the DL power level requirements
· “legacy requirement + XdB, X>=0” as the starting point for DL power level

Issue 1-2: interference mode assumption
Agreement
· Interference mode 1, i.e., at most two RRHs are transmitting at the same time on different layers.
Issue 1-4: angular separation
Agreement
· Cover all possible angular separations in core requirements as long as the two test points are from Area-1 and Area-2 respectively
· FFS if 150° angular separation in theta of UE coordination can be considered for test verification.
Issue 1-5: UE orientation
Agreement
· There is no need to consider different UE orientations when specifying requirements
Issue 1-6: AoA+ offset and AoA- offset
Agreement
· There is no need to consider AoA+ offset and AoA– offset when specifying requirements
Issue 1-7: fall back requirement (1AoA requirement for UE supporting 2AoA)
Agreement
· Focus on 2AoA requirements firstly

Sub-topic #2: uni-directional deployment scenario
Issue 2-1: feasibility of uni-directional scenario
Agreement
· uni-directional simultaneous multi-panel operation is not pursued in Rel-18
· Study on uni-directional simultaneous multi-panel operation is not precluded in future releases, including both scenario A and scenario B.

2. RRM requirement
WF on simultaneous multi-panel operation for FR2 HST PC6 UE is approved in R4-2306340. 
WF on intra-band CA for FR2 HST PC6 UE is approved in R4-2306341.
WF on NR FR2 HST UL Timing Adjustment Solutions and Tunnel Deployment is approved in R4-2306398.
LS on MAC-CE Based Indication for Cross-RRH TCI State Switch is approved in R4-2306399.

Way forwards on simultaneous multi-panel operation for FR2 HST PC6 UE are provided as: 
Topic-1: Simultaneous multi-panel operation for train roof-mounted FR2 high power devices
[bookmark: _Hlk129273127]Agreement
General discussion on RRM requirement impact
· Measurement based on multi-panel RX:
· Simultaneous L1 (L1 + L1) measurements
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· Simultaneous L1 + L3 measurements
· Simultaneous L1 on one panel and L3 measurements on the other panel (i.e., L1 +L3)
· FFS, whether to reuse the conclusion from Rel-18 FR2 multi-Rx: i.e., simultaneous L1 and L3 measurements is not supported for Rel-18 FR2 HST.
· Simultaneous L3 on one panel and L1 measurements on the same panel
· Simultaneous L1 and L3 measurement on the same panel is not supported for Rel-18 FR2 HST
· FFS scheduling restriction relaxation for L3 measurements 
· Simultaneous L3 + L3 measurements
· FFS, whether L3+L3 measurement on different panels shall be supported in Rel-18 FR2 HST enhancement WI.
· Measurement and data reception based on multi-panel RX:
· Simultaneous data reception and L1 measurement on different panels
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· Simultaneous data reception and L3 measurement on different panels
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· Simultaneous data reception from both panels
· Simultaneous data reception shall be supported in Rel-18 FR2 HST
· Scheduling restriction
· Data+ L1 measurement
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario 
· Data+ L3 measurement
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· UE capability
· The Rel-17 group-based reporting may be be considered in the FR2 HST: 
· FFS the necessity of Rel-17 group-based reporting in the FR2 HST
· FFS the applicability of Rel-17 group-based reporting in the FR2 HST

Agreement
MRTD and panel switching for FR2 HST multi-panel simultaneous reception
· Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
· FFS a mechanism for turning on/off the multi-panel reception operation in FR2 HST:
· FFS the necessity of such a mechanism
· FFS the necessity of new signalling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to NW configuration

Agreement 
RX beam sweep number for FR2 HST multi-panel simultaneous reception
· FFS whether the sweeping factor N1 can be reduced
· How to reduce the sweeping factor N1
· FFS for L1-RSRP measurement requirements, for set1 configuration the value can be further reduced to 1, for set2 configuration the value can be further reduced to 3.

Agreement 
DL Transmission Scheme for FR2 HST multi-panel simultaneous reception
· Preclude the SFN-based PDCCH transmission scheme for open space deployments in Rel-18 FR2 HST work item

Agreement 
UL and DL beam switching for FR2 HST multi-panel simultaneous reception
· Simultaneous UL transmissions with 2 panels is not supported in Rel-18 FR2 HST WI.

Agreement
Whether enhancements are needed in uplink spatial relation switch delay requirement
· Whether enhancements are needed in uplink spatial relation switch delay requirement
· Option 1: RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios
· Option 2: Keep current uplink spatial relation switch delay requirement
· Other options are not precluded

Agreement
Deployment scenarios and RF chains configuration
· FFS the RRM requirement impact due to the configuration of Rel-18 FR2 HST PC6 UE:
· RAN4 to assume that HST FR2 enhanced CPE supports 4 layers (Rank 4) in DL
· [To support rank 4 in DL, RAN4 to assume that HST FR2 Enhanced CPE is equipped with at least 2 simultaneous active Rx panels (each with dual polarized reception i.e., Rank-2)]

Way forwards on intra-band CA for FR2 HST PC6 UE
Topic-2: Intra-band carrier aggregation (CA) scenario
Agreement
The discussion of supporting CA with multi-RX chains
· Since no RRM requirements on CA for UE enabling multi-panel operation, the configurations of supporting CA with multi-RX chains don’t need to be specified in Rel-18
· Number of CCs doesn’t need to be changed in HST CA scenario specially, ﻿Clause ﻿3.6.2.1 ‘Number of serving carriers for SA’ in TS 38.133 V18.1.0 is valid for HST CA scenario.
· Do not define RRM requirements for CA for PC6 UEs capable of multi-panel (multi-Rx chain) operation with multi-panel operation enabled in Rel-18.
· Since no RRM requirements on CA for UE enabling multi-panel operation, RX sweep number in SCell with multi-RX chains don’t need to be specified. 

Agreement
Definition of HST FR2 CA requirements
· PSS/SSS detection, Time index detection for intra-frequency and inter-frequency measurements
· The enhanced FR2 HST requirements for intra-frequency detection in Rel-17 FR2 HST WI are also applied for SCells inter-frequency cell detection if introduced.
· FFS RAN4 need to specify the requirements for inter-frequency PSS/SSS detection and 
· FFS RAN4 need to specify the requirements for time index detection.
· Beam failure recovery on SCell
· The enhanced FR2 HST requirements for BFD in Rel-17 FR2 HST WI are also applied for SCells.
· L1-RSRP measurement on SCell
· The enhanced FR2 HST requirements for L1-RSRP measurement in Rel-17 FR2 HST WI are also applied for SCells.
· TCI state switch in SCell
· The enhanced FR2 HST requirements for SSB based L1-RSRP reporting in Rel-17 FR2 HST WI, used for TCI state switch in PCells, are also considered for SCells.
· Active SCell measurement requirement (measurement period)
· The measurement period for intra-frequency measurement without and with gap specified in R17 FR2 HST can be reused to the measurement period for activated SCell in Rel-18 FR2 HST at least for non-tunnel deployment scenarios
· Inter-frequency measurement requirements in Idle mode
· RAN4 introduce requirement in Rel-18 FR2 HST WI. 
· Rel-17 FR2 HST principles is reused to define inter-frequency measurement requirements.
· No further discussion on Clarification of spectrum flatness issue in FR2 HST

Way forward
Definition of HST FR2 CA requirements
· Check SCell activation delay and applicable conditions in HST scenario

Agreement
Network signaling for Rel-18 FR2 HST CA Scenario
· RAN4 to postpone the agreement on network signalling until the CA requirements are defined

Way forwards on NR FR2 HST UL Timing Adjustment Solutions and Tunnel Deployment are provided as:
Topic-1: UL TX timing adjustment
Agreement
MAC-CE based solution for cross-RRH TCI state switch
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs
· Introduce 1-bit TCI State Indication in UE-specific PDCCH MAC CE for whether or not UE shall follow the Rel-17 UL timing solution for the indicated TCI state ID.
· FFS in RAN4, UE behaviour after receiving the 1-bit indication
Way forward 
MAC-CE based solution for cross-RRH TCI state switch
· Open issue needs further discussion on Impact of signalling on RACH-based timing adjustment procedure
· Option 1: Agreed signalling can be used to trigger RACH procedure also if RACH procedure is used for timing adjustment at cross-RRH TCI state switch.
· Option 2: Do not take signalling into account for triggering RACH procedure

Way forward
UL TX timing adjustment at UL spatial relation switch
· FFS the scenario in which UL timing exceed allowed timing adjustment range at UL spatial relation:
· Option 1: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2: UL spatial relation shall always be executed strictly when corresponding DL TCI state switches
· Option 3: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment.

Way forward
General
· FFS whether to ask for clarification from RAN2 on the following questions:
· Does the procedure of maintaining UL time alignment consider TCI state switch between non-collocated RRHs?
· What is the understanding of “UL time aligned” in the definition of timeAlignmentTimer?
· FFS Potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after inter-RRH TCI state switch
· FFS applicability of such timer behaviour to R17 one-short large timing adjustment or to through RACH-based method
· Option 2: Not to introduce timeAlignemntTimer enhancements at UL timing adjustment
· FFS the applicability of gradual timing adjustment requirement (Clause 7.1.2.1) in between the one-shot large UL timing adjustments for FR2 Power Class 6 UE.
· Option 1: UE to report the value of one-shot large UL timing adjustment back to the network.
· Option 2: Follow the current UE autonomous timing adjustment procedure and requirements.
· Option 3: Describe UE behavior after one shot UL timing adjustment in the TR.

Topic-2: Tunnel deployment
Agreement
Tunnel deployment
· Consider both uni-directional and bi-directional deployments in the tunnel for Sceanrio#1 (single-panel reception UE and DPS transition scheme).
· Continue the discussion of the channel models in the Demod track 
· Dmin and Ds agreed in the RRM session can be used for reference [R4-2220396]

Way forward
Tunnel deployment
· FFS additional assumptions on tunnel deployment:
· Option 1: In uni-directional scenarios assume the at least one open-space RRH is deployed close to railway, e.g., with tunnel deployment parameters, and orientations of RRH panels are the same in open-space and in the tunnel.
· Option 2: No need to taking exit/entrance of the tunnel into account of tunnel scenario and channel.
· FFS whether channel characteristics in tunnel scenario can be assumed to comparable to open space scenario
· FFS possible solution to the mobility issue inside the tunnel when CPE is travelling in the direction opposite to the serving beam:
· Option 2: Solutions that allow network to trigger early handover/beam switch
· Option 2a: Enabling CHO with special settings next to the RRH
· Option 3: UE-initiated beam selection/activation based on beam measurement
· Option 5: No need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation
· Option 6: Consider bi-directional deployment with simultaneous multi-panel reception in the tunnel scenario to alleviate the mobility issues.

3. Demodulation requirement
WF on demodulation requirements for Rel-18 FR2 HST is approved in R4-2305892. 
Simulation assumption for PDSCH requirement with CA is approved in R4-2305893.
Topic 1: Deployment and Channel Modelling 
Sub-topic 1-1: Deployment and Channel Model for Demodulation requirement with simultaneous Rx reception in open space scenario
Issue 1-1-1: Deployment Scenario for FR2 HST simultaneous multi-Rx reception requirements for Open Space Scenario
Agreement: 
RAN4 consider the Bi-directional deployment scenario for PDSCH demodulation requirements with simultaneous multi-Rx reception
· Consider the scenario the timing different between TRPs is exceeding CP
· RAN4 will evaluate the performance impact for this scenario with PC6 UE and specify corresponding requirements with receiver implementation agonistic approach.
· RAN4 will discuss the test applicable rules if needed. 
· Consider both scenario A and scenario B as starting point for performance evaluation 
· FFS whether single requirement or separate requirements need to be introduced for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements
· Aligned with RF session conclusion, not consider uni-directional scenario in Rel-18 FR2 HST WI performance requirements. 

Issue 1-1-2: Deployment Scenario parameters for FR2 HST simultaneous multi-Rx reception requirements for Open Space Scenario
Way forward: 
· RRH locations parameters
· Reuse the current RRH location parameters’ values of FR2 HST-DPS performance requirements evaluation for DL demodulation performance study of FR2 HST simultaneous multi-panel reception as a starting point for evaluation
· Beam serving coverage
· Reuse the beam serving range of uni-directional FR2 HST-DPS performance evaluation as the left-beam serving range of an RRH in bi-directional deployment, and right-beam serving range is symmetrical to the left-beam serving range about the RRH as a starting point for evaluation 
· Further study of coverage areas of the beams is needed.

Issue 1-1-3: General assumption for CPE with multi-panel reception Rx processing for FR2 HST 
Agreement: 
· Assuming UE processing with 2x2 per TRP as baseline

Issue 1-1-4: General assumption for channel modelling and interference
Agreement: 
· No interference in between CPE panels assumption is baseline
· The baseline assumption CPE panels are co-located i.e., distance between two CPE panels is 0 (m).
· Companies are encouraged to further evaluate the performance impact with non-co-located 
· No limitation on CPE implementation

Issue 1-1-5: Channel Model for FR2 HST simultaneous multi-panel reception performance evaluation 
Way forward: 
· [bookmark: _Hlk132938292]Assuming CPE processing with 2x2 per TRP per panel separately 
· [bookmark: _Hlk132938317]Option 1：Reuse the existing FR2 HST DPS channel model to perform FR2 HST simultaneous multi-panel reception performance evaluation as a starting point for evaluation 
· FFS on the modelling the propagation delay as a part of channel model
· FFS on how to extend the doppler shift model to simultaneous multi-panel reception
· Option 2: Reuse HST-SFN scheme A to study the UE receive signals from two RRHs simultaneously.

Sub-topic 1-2: Deployment for Demodulation requirements in Tunnel Scenario
Issue 1-2-1: Deployment for Demodulation requirements in Tunnel Scenario
Way forward: 
· Only considering when CPE is fully inside tunnel as baseline 
· Option 1:
· Both uni- and bi-directional deployment scenarios are considered for FR2 HST-DPS performance requirement evaluation in tunnel channel. For uni-directional deployment, FR2 HST UE moves in the same direction as the RRH serving beam direction.
· Option 2 
· Use Uni-directional deployment for tunnel scenario for HST FR2
· Option 3
· RAN4 to agree additionally on the assumption for bi-directional deployment in the tunnel if simultaneous multi-panel reception is considered.
· Option 4
· FFS to define requirement based on evaluation of channel model for tunnel scenario 

Issue 1-2-2: Channel Model for Demodulation requirements in Tunnel Scenario
Agreement: 
For UE demod:
· Reuse the channel model in RAN4 spec 38.101-4, i.e., single path with LOS propagation, for performance requirements study of FR2 HST-DPS in tunnel deployment as baseline 
· FFS on new channel model is needed for Bi-directional deployment in tunnel scenario 
· FFS on new channel model (multi-tap) is needed pending on UE location with faraway or close around RRH
· FFS on consider multipath fading channel for demodulation performance study
For BS demod: FFS with below candidate options
· Extend existing FR1 channel model (geometry-Ds and Dmin and speed) scenario 3 (tunnel space) in RAN4 spec 38.104 
· Reuse FR2 Rel-17 38.104 single path with LOS propagation channel model with necessary update if identified
· Multipath fading channel 

Issue 1-2-3: Ds_offset for Channel Model in tunnel scenario
Way forward:
· FFS on new Ds_offest for uni-directional channel model in tunnel scenario if needed

Topic 2: UE demodulation for open space scenario
Sub-topic 2-1: Intra-band CA requirement 
Issue 2-1-1: Test cope of intra-band CA requirement
Agreement  
· RAN4 to only introduce new HST FR2 CA requirements for PDSCH

Issue 2-1-2: Test cases
Agreement  
· Specify two sets of PDSCH requirements for FR2 HST intra-band CA scenario 
· HST-DPS-FR2-BI-B: Uni-directional scenario A with DPS scheme 1b
· HST-DPS-FR2-BI-A: Bi-directional scenario B with DPS scheme 1a
· Apply the Rel-17 FR2 HST channel model parameters to PDSCH CA demodulation requirements with DPS transmission schemes

	Parameter
	Value

	
	HST-DPS-FR2-UNI-A

	
	700 m

	
	10 m

	
	10 m

	
	350 km/h

	
	9722 Hz



	Parameter
	Value

	
	HST-DPS-FR2-BI-B

	

	700 m

	

	150 m

	

	350 km/h

	

	9722 Hz



Issue 2-1-3: SCS & BW
Agreement  
· Specify CA PDSCH requirements for FR2 HST with component carrier configuration as
· {50, 100, 200, 400} Hz for 120KHz SCS
· Companies are encouraged to check whether existing SNR requirement for 200MHz CBW defined in single carrier can be reused for CA case with 200MHz in the next meeting pending on the collected impairment results
· FFS on the carrier combinations considered for requirement

Issue 2-1-4: Other test parameters
Agreement  
· Reuse the exiting test parameters of FR2 HST with DPS 1a and DPS 1b in single carrier for FR2 HST PDSCH intra-band CA requirements
· SCS: 120KHz only
· TDD pattern: FR2.120-1 (DDDSU)
· MCS 17 and Rank 2
· Other parameters such as number of HARQ process, K1 values for different CCs can be used from NR Rel-16 FR2 normal CA

Issue 2-1-5: Test Applicability rule
Agreement  
· Applicability rule for different CA configuration and bandwidth combination sets can be reused from NR Rel-16 normal CA as baseline

Issue 2-1-6: Others
Way forward:
· FFS on the necessity of considering additional margin for CA requirement based on single carrier simulation with considering imperfection model
· FFS on how to consider the imperfection model if considered 

Sub-topic 2-2: multi-Rx simultaneous reception requirement with single carrier
[bookmark: _Hlk132936932]Issue 2-2-1: General for requirement 
Agreement: 
· For FR2 HST requirements with simultaneous reception (2 panels), RAN4 could consider reusing applicable agreements reached in the UE Demodulation work item for FR2 multi-RX as starting point to avoid overlap

[bookmark: _Hlk132936992]Issue 2-2-2: Test scope of multi-Rx simultaneous requirement
Agreement: 
· RAN4 only define PDSCH demodulation performance requirements for Rel-18 HST FR2 UEs capable of simultaneous two-panel reception. 

[bookmark: _Hlk132937312]Issue 2-2-3: Whether to introduce a new correlation matrix for HST FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirement
Agreement: 
· Assuming no inter-TRP and inter-panels interference as baseline for Rel-18 FR2 HST WI. No new correlation matrix for FR2-1 HST is introduced

[bookmark: _Hlk132937362]Issue 2-2-4: UE processing assumption for the FFT window
Agreement: 
· Number of FFT window: RAN4 need to further evaluate performance with below candidate options
· Option 1: single FFT window for FR2 HST demodulation requirements definition for two panels
· Option 2: independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.

[bookmark: _Hlk132937464][bookmark: _Hlk132937502]Issue 2-2-6: Transmission schemes
Agreement: 
· Prioritize mDCI with full-overlapping resources based mTRP scheme for DL demodulation performance study of FR2 HST simultaneous multi-panel reception 
· FFS on sDCI

Issue 2-2-7: Test parameters  
Way forward: 
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: FR2.120-1 (DDDSU)
· MCS: MCS 17 as baseline
· Other parameters such as number of HARQ process, K1 values can be reused from Rel-17 FR2 HST
· Rank and Layer combination as a starting point for evaluation 
· Case 1: 1+1 as layer combination with fully over lapping
· Case 2: 2+2 as layer combination with fully over lapping

Sub-topic 2-3: multi-Rx simultaneous reception requirement with CA 
[bookmark: _Hlk132936384]Issue 2-3-1: Whether to introduce the PDSCH CA requirement with FR2 HST UE capable of multi-panel (multi-Rx) operation with multi-panel operation enabled in Rel-18
Agreements: 
· Do not define PDSCH CA demodulation requirement for FR2 HST PC6 UE capable of multi-panel (Multi Rx-Chain) operation with multi-Rx simultaneous reception enabled in Rel-18  

Topic 3: BS demodulation for Open Space
Sub-topic 3-1: BS demodulation requirements
Issue 3-1-1: Whether to define BS demodulation requirements in open space scenario in Rel-18 NR_HST_FR2_enh WI
Agreements: 
· No new or modified PRACH requirements need to be introduced in Rel-18 NR_HST_FR2_enh W for open space scenario
· No new or modified UL transmit timing requirements need to be introduced in Rel-18 NR_HST_FR2_enh WI for open space scenario
· No new or modified PUSCH requirements need to be introduced in Rel-18 NR_HST_FR2_enh WI for open space scenario
· No BS demodulation requirements need to be introduced for intra-band CA and simultaneous multi-panel reception scenario for open space scenario

Topic 4: Demodulation requirements for tunnel deployment
Sub-topic 4-1: Test Scope of demodulation requirements of tunnel scenario
Issue 4-1-1: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1: RAN4 discuss whether to define BS demodulation requirements for the tunnel deployment scenario based on the simulation results. If RAN4 study the new channel model, it should be differentiated from the exiting tunnel model: Scenario 3-NR350/500.
· Option 2: BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced 
· Option 3: Introduce BS demodulation requirements for tunnel scenario

Issue 4-1-2: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· [bookmark: _Hlk132942302]Option 1: RAN4 discuss whether to define UE demodulation requirements for the tunnel deployment scenario based on the simulation results.
· Option 2: UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced,
· Option 2a 
· When UE is little far away from the RRH, no new channel model and new demodulation requirements needed.
· Only when UE is around the RRH, new demodulation requirements with multi-path fading model can be considered.
· Option 3: Introduce the UE demodulation requirements with DPS transmission scheme with 1a and 1b for tunnel scenario, FFS on Uni-directional or Bi-directional RRH deployment.

Issue 4-1-3: Simulation Assumption for requirement definition
Way forward: 
· Reuse the evaluation parameters related throughput performance requirements defined for FR2 HST-DPS in open space scenario for the tunnel deployment if different values cannot be justified.
· FFS on channel model used


RAN4 #107 (Incheon, Korea Republic, 22 May –26 May, 2023)
1. UE RF requirement
CR for power class 6 intra-band CA requirements is endorsed in R4-2307429. 
WF on UE RF requirements for FR2 HST is approved in R4-2310398. 

Way forwards on simultaneous multi-panel operation for FR2 HST PC6 UE are provided as: 
Issue 2-1: DL power level for 2AoA spherical coverage
Agreement
· Align the simulation assumptions and RAN4 is targeted to agree on X value next meeting based on the simulation and analysis.

Issue 2-2: AoA area for 2AoA spherical coverage
Agreement
· All possible angular separations are applicable for core requirements as long as the two test points are from Area-1 and Area-2 respectively; 150° angular separation in theta of UE coordination is used for test verification.

Issue 2-3: impacted clause in TS 38.101-2
Agreement
· new clause with dedicated suffix 7.3J
Table 4.3-1: Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	J
	Multiple [AoA]

	NOTE:	Suffix D in this specification represents either polarized UL MIMO or spatial UL MIMO. RF requirements are same. If UE supports both kinds of UL MIMO, then RF requirements only need to be verified under either polarized or spatial UL MIMO.




2. RRM requirement
WF on FR2 HST RRM requirements (part 1) is approved in R4-2310041. 
WF on WF on FR2 HST RRM requirements (part 2) is approved in R4-2310042.

Way forwards on FR2 HST RRM requirements (part 1) are provided as: 
Topic-1: Simultaneous multi-panel operation for train roof-mounted FR2 high power devices
Agreement
General discussion on RRM requirement impact
· Define the following requirements for Rel-18 enhanced FR2 CPE
· Requirements for UEs without mandatory support of GroupBasedBeamReporting-r17
· FFS if a new UE capability is needed to indicate support of simultaneous data reception
· FR2 HST requirement shall be defined without GroupBasedBeamReporting-r17 supported and GBBR configured
· FFS the performance degradation if GBBR is not configured.
· Applicable condition for FR2 HST multi-panel requirement, if without GBBR as prerequisite
· FR2 PC6 UE shall support the multi-panel simultaneous reception capability 
· FFS new or existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
· NW shall configure Rel-17 HST flag (highSpeedMeasFlagFR2) and bi-direction flag (i.e., highSpeedDeploymentTypeFR2)
· RAN4 shall preclude any enhancement for all the CSI-RS based requirements for FR2 HST multi-panel RX, which include:
· Requirements for CSI-RS based RLM
· Requirements for CSI-RS based BFD/CBD
· Requirements for CSI-RS based L1-RSRP measurement
· Measurement restriction for CSI-RS based L1-RSRP
· RAN4 shall preclude any enhancement on the SSB based CBD requirements for FR2 HST multi-panel RX. 
· RAN4 shall preclude the simultaneous L3+L3 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall preclude the simultaneous L3+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall consider the simultaneous L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI, and new requirements shall be defined accordingly
· FFS applicable condition of the enhancement for new requirement:
· Restriction on SSB configuration for neighboring RRHs
· Enhancement on only set1, or both set1 and set2. 
· The sweeping factor N1 can be reduced in FR2 HST multi-panel simultaneous reception 
· FFS how to reduce N1
· RAN4 shall preclude any enhancement on the scheduling restriction requirement for simultaneous L3 measurement and data reception in Rel-18 FR2 HST.
· RAN4 shall consider data+L1 measurement for Rel-18 FR2 HST multi-panel RX:
· FFS The necessity of scheduling restriction requirement enhancement for data+ L1 measurement in Rel-18 FR2 HST
· RAN4 should introduce enhancement on the scheduling restriction requirement for L1-RSRP in Rel-18 FR2 HST
· FFS applicable condition of the enhancement for new requirement
· FFS whether RAN4 should preclude any enhancement on the scheduling restriction requirement for RLM in Rel-18 FR2 HST

Agreement
MRTD and panel switching for FR2 HST multi-panel simultaneous reception
· For Rel-18 FR2 PC6 UE, the new MRTD requirement shall be defined for simultaneous reception from two panels: 
· MRTD = [8]us
· The necessity of a mechanism for turning on/off the multi-panel reception operation in FR2 HST:
· No need for a new mechanism for turning on/off the multi-panel reception operation in FR2 HST;
· Existing signaling and configuration shall be used. 

Agreement
The impact to uplink spatial relation switch delay requirements
· Keep current uplink spatial relation switch delay requirement for Rel-18 FR2 HST multi-panel RX:
· It is RAN4’s understanding that UL spatial relation switch to the target associated to the unknown DL RS in FR2 HST scenarios shall not be considered: 
· Capture the above understanding in RAN4 WF.  

Agreement
RRM requirement impact summary
Table 1. RRM requirement impact summary for FR2 HST multi-panel RX (informative)
	RRM Req. Category
	Sub-Category
	Proposed WF on RRM requirement impact
	Work Split

	RRC_IDLE state mobility
	Cell Re-selection
	Precluded
	

	RRC_CONNECTED state mobility
	Handover
	Precluded
	

	
	RRC Connection Mobility Control
	Precluded
	

	Timing
	MRTD
	New requirement required

	

	Signalling characteristics
	Requirements for SSB based RLM
	New requirement required:
8.1.2.2 Minimum requirement
8.1.2.3 Measurement restrictions for SSB based RLM
	

	
	Requirements for CSI-RS based RLM
	Precluded
	

	
	Scheduling availability of UE during RLM
	FFS 8.1.7.3
	

	
	Requirements for SSB based BFD
	New requirement is required
8.5.2.2 Minimum requirement
8.5.2.3	Measurement restriction for SSB based beam failure detection
	

	
	Requirements for SSB based CBD
	Precluded
	

	
	Requirements for CSI-RS based BFD/CBD
	Precluded
	

	
	Scheduling availability of UE during BFD/CBD
	Precluded
	

	
	Active TCI state switching delay
	To be treated UL TX timing
	

	
	Uplink spatial relation switch delay
	Precluded
	

	Measurement Procedure
	NR  intra-frequency measurements w/o gaps
	Precluded
	

	
	Measurement Requirements for SSB based L1-RSRP
	New requirement is required
9.5.4.1	 SSB based L1-RSRP Reporting;
9.5.5.1Measurement restriction for SSB based L1-RSRP
	

	
	Measurement Requirements for CSI-RS based L1-RSRP
	Precluded
	

	
	Scheduling availability of UE during L1-RSRP measurement
	New requirement required
	

	
	L1-SINR measurements for Reporting
	Precluded
	



Topic-2: Definition of HST FR2 CA requirements and NW signaling for Rel-18 FR2 HST CA Scenario

Agreement 
Discussion on the necessity of the requirements
· Clarification on requirement for intra-frequency measurement for Rel-18 FR2 HST UE supporting intra-band CA
· Reuse legacy Rel-17 requirements for NR intra-frequency measurement for Rel-18 FR2 HST UE supporting intra-band CA.
· PSS/SSS detection, Time index detection for inter-frequency measurements
· Specify the requirements for inter-frequency PSS/SSS detection
· RAN4 to use Rel-17 FR2-HST principles to define inter-frequency PSS/SSS detection, i.e., use beam sweeping scaling factor N1 of 2 and 6 for set1 and set2, respectively
· Specify the requirements for inter-frequency SSB index identification when deriveSSBIndexFromCellInter-r17 disabled.
· RAN4 to use Rel-17 FR2-HST principles to define SSB index identification as a baseline, i.e., use beam sweeping scaling factor N1 of 2 and 6 for set1 and set2, respectively.
· SCell activation delay
· FFS the RRM impact for SCell activation delay requirement for Rel-18 FR2 HST UE
· Inter-frequency measurement requirements in Idle mode
· Specify the requirements for inter-frequency measurement requirements in idle mode.
· RAN4 to use Rel-17 FR2-HST principles to define inter-frequency measurement requirements in idle mode, i.e., use beam sweeping scaling factor N1 of 2 and 6 for set1 and set2, respectively
· For Rel-18 PC6 UE supporting Rel-18 FR2 HST intra-band CA with [highSpeedMeasFlagFR2-r17] configured, RX sweeping factor is assumed as follows to derive inter-frequency measurement in IDLE mode: RX beam sweeping factor is 2 if [highSpeedMeasFlagFR2-r17] = set1; RX beam sweeping factor is 6 if [highSpeedMeasFlagFR2-r17] = set2
	For Rel-18 PC6 UE supporting Rel-18 FR2 HST intra-band CA with [highSpeedMeasFlagFR2-r17] configured, for inter-frequency measurement in IDLE mode
· The measurement requirement of inter-frequency NR cells is given in the below table
Table 4.2.2.3-x: Tdetect,NR_Inter_HST, Tmeasure, NR_Inter_HST and Tevaluate, NR_Inter_HST for FR2 configured with highSpeedMeasFlagFR2-r17 note2
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter_HST [s] (number of DRX cycles)
	Tmeasure, NR_Inter_HST [s] (number of DRX cycles)
	Tevaluate, NR_Inter_HST [s] (number of DRX cycles)

	0.32
	N1Note3
	2.56 x N1 x M2 (8 x N1 x M2) Note1
	0.32 x N1 x M3 (1 x N1 x M3) Note1
	0.96 x N1 x M4 (3 x N1 x M4) Note1

	0.64
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1) 
	6.4 x N1 (5 x N1)

	2.56
	3
	58.88 x N1 (23 x N1) 
	2.56 x N1 (1 x N1) 
	7.68 x N1 (3 x N1) 

	Note 1:	When SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	The support of HST Idle mode inter-frequency measurement enhancement is optional without capability signalling. Apply for UE declarating supports idle mode inter-frequency measurement enhancement for HST, otherwise Table 4.2.2.4-1 shall be used.
Note 3:	N1 = 2 when highSpeedMeasFlagFR2-r17= set1; N2 = 6 when highSpeedMeasFlagFR2-r17= set2.






Agreement
RRM requirement impact summary
Table 2. RRM requirement impact summary for FR2 HST CA requirement (informative)
	RRM Req. Category
	Proposed WF on RRM requirement impact
	Work Split

	PSS/SSS detection, Time index detection for intra-frequency and inter-frequency measurements
	For PSS/SSS detection, Time index detection for inter-frequency measurements: New requirement required
For PSS/SSS detection, Time index detection for intra-frequency measurements: No impact identified
	

	L1-RSRP measurement on SCell
	No impact identified
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	FFS
	

	Inter-frequency measurement requirements in Idle mode
	New requirement required

	

	SSB-based BFD and RLM on SCell
	No impact identified
	

	TCI state switching on SCell
	No impact identified
	


*Requirements were classified in the following five categories:
New requirement required: Need to define new requirements in Rel-18 FR2 HST 
No impact identified: No impact on the existing requirement identified

Way forwards on FR2 HST RRM requirements (part 2) are provided as:
Topic-1: UL TX timing adjustment
Agreement
· For Rel-18 TCI state switching with MAC-CE based cross-RRH network signaling assistance:
· For indicated cross-RRH TCI state switching,
· the existing R17 UL timing adjustment requirements in clause 7.1.2.3 apply to the first UL transmission after TCI state switch
· FFS, whether the condition that UE measurement on DL timing difference is larger than certain threshold (as specified in Rel-17) shall not be included as the applicable condition.
· If it is indicated that TCI state switch is not across non-collocated RRHs,
· Gradual timing adjustment requirements in Clause 7.1.2.1 apply to the first UL transmission after TCI state switch
· The condition for UE to apply one-shot large uplink timing adjustment at TCI state switch:
· UE capability to support the cross-RRH TCI state switching with MAC-CE based network signaling assistance
· NW flag signaling highSpeedMeasFlagFR2-r17 to indicate UE be in the HST scenario
· Reuse Rel-17 large one step UL timing adjustment signalling (highSpeedLargeOneStepUL-TimingFR2-r17 NW signalling and [largeOneStepUL-timingFR2-r17] UE capability)
· When it is indicated that TCI state switch is across non-collocated UE shall be able to receive PDCCH with the target TCI state after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length (i.e., Rel-17 requirement)
· FFS, how to define requirement when it is indicated that TCI state switch is not cross-RRH:
· Option 1: slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length when it is indicated that TCI state switch is not across non-collocated RRHs,
· Option2: Keep Rel-17 requirement without changes
· Do not take new signalling into account for triggering RACH procedure

Way forward
Impacts of MAC-CE based cross-RRH network signalling assistance 
· Open issue needs further discussion to provide feedback to RAN2 on Enhanced TCI States Activation/Deactivation:
· FFS, whether enhanced TCI Activation/Deactivation is considered in Rel-18 HST FR2 (indicating two TCI states for simultaneous multi-panel reception)
· Option 1: Only consider Rel-15 TCI state switch
· Option2: Also consider indication of two TCI states in addition to Option 1
· FFS, whether each TCI state ID shall be associated with one 1-bit indication.
· Open issue needs further discussion on UE MAC timeAlignmentTimer behaviour
· FFS, timeAlignmentTimer behaviour when one-shot large UL timing adjustment is not in use (RACH-based timing adjustment):
· Option 1: In HST FR2 scenarios, UE MAC timeAlignmentTimer should be stopped or suspended after indicated inter-RRH TCI state switch
· Option 2: No need to introduce new timeAlignmentTimer related enhancements

Way forward
General
· Open issue needs further discussion on a need for timing adjustment at UL spatial relation switch:
· Option 1: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2: UL spatial relation switch shall always be executed strictly when the corresponding DL TCI state switches
· Option 3: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment
· Open issue needs further discussion on applicability of gradual timing adjustment in between one-shot large timing adjustments
· Option 1: UE to report the value of one-shot large UL timing adjustment back to the network.
· Option 2: Follow the current UE autonomous timing adjustment procedure and requirements. Discussion not in Rel-18 scope.
· Option 3: Describe UE behaviour after one shot UL timing adjustment in the TR
Topic-2: Tunnel deployment
Agreement
· Consider bi-directional deployment with simultaneous multi-panel reception in the tunnel scenario to alleviate the mobility issues.

Way forward
Use of DRX in the tunnel deployment
· FFS, whether to restrict the use of DRX in tunnel deployment.

Way forward
Indication of tunnel deployment
· FFS, whether indication of tunnel deployment is necessary.

Topic-3: CR Split
Agreement
	Clause, TS 38.133
	Company

	3.6 Applicability of requirements in this specification version
	

	6 RRC_CONNECTED state mobility
	No impact is expected from UL timing enhancements or Tunnel deployment

	7 Timing
	Huawei

	8 Signalling characteristics
	[Nokia]

	9 Measurement Procedure
	No impact is expected from UL timing enhancements or Tunnel deployment



3. Demodulation requirement
WF for FR2 HST demodulation requirements is approved in R4-2309825. 
Detailed way forward for FR2 HST demodulation requirements is provided as below: 
Topic #1: Deployment and Channel Modelling 
Sub-topic 1-1: Deployment and Channel Model for Demodulation requirement with simultaneous Rx reception in open space scenario
Issue 1-1-1: Deployment Scenario for FR2 HST simultaneous multi-Rx reception requirements for Open Space Scenario
Agreement: 
· RAN4 will consider both scenario A and scenario B as starting point for initial evaluation with simultaneous multi-Rx reception
· FFS whether single requirement or separate requirements need to be introduced for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements

Issue 1-1-2: Beam serving coverage for multi-Rx reception in Bi-directional scenario 
Agreement: 
· Apply the following generic Bi-directional deployment for simultaneous multi-Rx reception scenario with considering symmetrical beam coverage areas both in Scenario-A and Scenario-B for demodulation requirement definition as baseline
· The related beam serving coverage for left panel and right panel of each RRH can be considered as
· Left panel: [(k-1) *Ds- Ds_offset, k*Ds- Ds_offset] for the kth RRH, k=0, 1, …
· Right panel: [k *Ds+ Ds_offset, (k+1) *Ds+ Ds_offset] for the kth RRH, k=0,1, …




· The following RRH parameters for scenario A and scenario B can be used for initial evaluation  
	Parameters
	Description
	Scenario A
	Scenario B-1
	Scenario B-2

	Ds
	Inter-RRH distance
	700m
	700m
	700m

	Dmin
	Distance between rail track and RRH
	10m
	150m
	150m

	v
	Train velocity
	350km/h
	350km/h
	350km/h

	fd
	Maximum Doppler frequency shift
	9722Hz
	9722Hz
	9722Hz

	fc
	Carrier frequency
	30GHz
	30GHz
	30GHz

	Drx_panel
	Distance between two UE Rx panels
	0m
	0m
	0m

	Ds_offset
	Switching transmission point between adjacent RRHs
	10m
	100m
	350m



Issue 1-1-3: Channel model for PDSCH requirements with Multi-Rx Reception
Agreement: 
· No need to model the relative propagation delay from the visible RRH into the channel modelling
· FFS whether need to relative power for channel modelling 
· The following model on doppler shift trajectory can be considered for PDSCH requirement with multi-Rx reception in Bi-directional deployment scenario as baseline 
· FFS on the starting point used
	· Doppler shift  (Hz) from the left Tx panel of RRH for PDSCH received at right Rx panel of UE is given by



· Doppler shift  (Hz) from the right Tx panel of RRH for PDSCH received at left Rx panel of UE is given by







Sub-topic 1-2 Deployment and Channel Model in tunnel scenario 
Issue 1-2-1: Deployment in Tunnel Scenario
Agreement: 
· Prioritized the UE receives signals with single-panel reception assumption with HST-DPS for Uni-directional deployment scenario as a starting point for initial performance evaluation in tunnel scenario deployment
· Bi-directional deployment scenarios are not precluded for initial performance evaluation conditioned on the feasibility study from RRM session

Issue 1-2-2: RRH parameters for Channel Model in tunnel scenario
Agreement: 
· Aligned with RRM assumption for tunnel scenario deployment initial study, RAN4 use the following RRH parameters for channel modelling in the tunnel deployment scenario
· Ds=700m
· Dmin=1m
· Take Ds_offset =5m for Uni-directional scenario as baseline
· Other value of Ds_offset is not precluded

Issue 1-2-3: Channel Model in Tunnel Scenario for UE demodulation 
Agreement: 
· FFS
· Option 1: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset 
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by



	Parameter
	Value

	
	TBD

	

	350 km/h

	
_max
	9722 Hz



· Option 2: Considering alternative scenario with train moving in the same direction with serving beam. 
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by



	Parameter
	Value

	
	TBD

	

	350 km/h

	

	9722 Hz



· Other options are not precluded
· Interested companies can provide the detail modelling 

Issue 1-2-4: Channel Model in Tunnel Scenario for BS demodulation 
Agreement: 
· FFS
· Option 1: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset 
· Uni-directional scenario 
· Doppler shift  (Hz) for PUSCH received at gNB is given by



	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz




· Option 2: Considering alternative scenario with train moving in the same direction with serving beam. 
· Uni-directional scenario 
· Doppler shift  (Hz) for PUSCH received at gNB is given by





	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz



· Other options are not precluded
· Interested companies can provide the detail modelling 

Topic #2: UE demodulation for CA requirement
Issue 2-1-1:  Carrier combination for requirements
Agreement:
· Define Rel-18 FR2 CA PDSCH demodulation requirement with carrier combination as only TDD 120KHz SCS+TDD 120KHz SCS
· Rel-18 FR2 CA PDSCH demodulation requirements for HST are only applicable for intra-band contiguous CA and intra-band non-contiguous CA combinations

Issue 2-1-2:  Whether existing SNR requirement or 200MHz CBW defined in single carrier can be reused for CA case with 200MHz
Agreement:
· For FR2 HST CA Demod requirements, RAN4 will define requirements for the agreed BW carrier configuration based on collected impairment results provided by companies.

Issue 2-1-3:  RRH and Channel model assumption for CA
Agreement:
· For FR2 HST CA Demod requirements, RAN4 will define requirements for the agreed BW carrier configuration based on collected impairment results provided by companies.

Issue 2-1-4/5:  Additional noise margin for CA requirement based on single carrier
Agreement:
· No additional noise and imperfection model modelling based on single carrier link level simulation for PDSCH CA alignment result is considered.
· The impact of additional noise in CA can be considered into the impairment results up to companies’ implementation

Issue 2-1-6:  Simulation results alignment and requirement derivation
Agreement:
· Companies are encouraged to provide the simulation result in the next meeting for further alignment according to the simulation assumption R4-2305893
· The requirement derivation and whether to add additional margin will be discussed based on the collected simulation results. 

Issue 2-1-7: Test applicability rule
Agreement:
· Apply the existing applicability and test rules for FR2 CA PDSCH demodulation (TS38.101-4 clause 7.1.1.5) to Rel-18 CA PDSCH demodulation requirements for HST. 
· For HST FR2 with CA, TDD 120 KHz + TDD 120 KHz shall be considered, with the largest aggregated CA bandwidth combination shall be the highest priority

Issue 2-1-8: Release independent 
Way Forward
· FFS on Rel-18 FR2 HST PDSCH CA requirements are release independent from Rel-17.

Topic #3: PDSCH requirement with multi-Rx reception
Sub-topic 3-1: General for PDSCH requirement with multi-Rx reception
Issue 3-1-1: UE processing assumption for the FFT window
Way Forward
· Proposals
· Option 1: RAN4 shall consider that the CPE will have independent FFT per panel
· Option 2:
· Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition. In case large span is observed, additional margin should be added.
· Option3
· Independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.

Sub-topic 3-2: Test setup for PDSCH requirement with multi-Rx reception
Issue 3-2-1: Capability for PDSCH requirement with simultaneous multi-Rx reception 
Agreement:
· Simultaneous multi-Rx reception requirements are appliable for UE with the following capabilities at least:
· UE power class 6 (PC6)
· simultaneousReceptionDiffTypeD-r16
· maxNumberActiveTCI-PerBWP > 1
· Additional necessary capabilities also need to be considered pending on specific test cases introduced 

Issue 3-2-2: Transmission schemes
Agreement:
· FFS on sDCI schemes

Issue 3-2-3: Layer combination 
Agreement:
· Companies are encouraged to provide initial results for both layer combination as 1+1 and 2+2 with full-overlapping scheduling based on mDCI transmission scheme in the next meeting

Issue 3-2-4: Test applicability rule of PDSCH with mDCI and sDCI if introduced both
Way forward:
· FFS whether to introduce FR2 HST Demodulation tests for simultaneous reception with sDCI, and related applicability rule to skip sDCI testing if the device supports mDCI

Issue 3-2-5: Simulation Assumption for initial simulation purpose  
Way forward: 
· Carrier frequency: 30GHz. 
· CBW/SCS: 200MHz/120kHz
· TDD pattern: FR2.120-1 (DDDSU)
· MCS: MCS 17 with Rank 2 as baseline
· Number of Active PDSCH TCI states: 2
· Other parameters such as number of HARQ process, K1 values can be reused from Rel-17 FR2 HST
· Rank and Layer combination as a starting point for evaluation 
· Case 1: 1+1 as layer combination with fully over lapping
· Case 2: 2+2 as layer combination with fully over lapping
· Companies are encouraged to provide simulation results in the next meeting 

Table 1. PDSCH Simulation assumptions (For information)
	Parameter
	Value

	Carrier frequency
	30 GHz

	Duplex mode
	TDD

	SCS
	120 kHz

	CBW
	200 MHz

	Antenna configuration
	2x2 ULA Low for each Panel

	TDD pattern
	DDDSU, S: 10D + 2G + 2U
Schedule PDSCH in special slots (Note 1)

	PDSCH DMRS configuration
	DMRS type

	Type 1

	
	Number of additional DMRS 
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	1

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S)
	1

	
	Length (L)
	13

	
	PRB bundling size
	2

	
	Resource allocation type
	Type 0

	
	RGB size
	Config2

	PTRS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (TPT-RS)
	1

	MCS and Rank
	Case 1: MCS 17 for 1+1 
Case 2: MCS 17 for 2+2

	Number of HARQ processes
	8

	SSB periodicity
	20ms 

	TRS periodicity
	10ms or 20ms (Note 1)

	Propagation conditions
	The details can be found in issue 1-1-3: Channel model for PDSCH requirements with Multi-Rx Reception

	Maximum Doppler shift
	9722 

	Test metric
	SNR at 70% of maximum throughput

	Note 1: No PDSCH scheduling   
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	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDCCH configuration
	TCI state
	
	Note 1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S)
	
	1

	
	Length (L)
	
	Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	TCI state
	
	Note 1

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	Resource set #1
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0 for CSI-RS resource 1,2,3,4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 1 and 3

	
	
	
	
	l0 = 9 for CSI-RS resource 2 and 4

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 1,2,3,4

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 1 and 2

	
	
	
	
	3 for CSI-RS resource 3 and 4

	
	
	QCL info
	
	TCI state #4

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #2
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0 for CSI-RS resource 5,6,7,8

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 5 and 7

	
	
	
	
	l0 = 8 for CSI-RS resource 6 and 8

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 5,6,7,8

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 5 and 6

	
	
	
	
	3 for CSI-RS resource 7 and 8

	
	
	QCL info
	
	TCI state #5

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #3
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	1 for CSI-RS resource 9,10,11,12

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 9 and 11

	
	
	
	
	l0 = 9 for CSI-RS resource 10 and 12

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 9,10,11,12

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 9 and 10

	
	
	
	
	3 for CSI-RS resource 11 and 12

	
	
	QCL info
	
	TCI state #6

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #4
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	1 for CSI-RS resource 13,14,15,16

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 13 and 15

	
	
	
	
	l0 = 8 for CSI-RS resource 14 and 16

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 13,14,15,16

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 13 and 14

	
	
	
	
	3 for CSI-RS resource 15 and 16

	
	
	QCL info
	
	TCI state #7

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #13 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2 for CSI-RS resource 17,18,19,20

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 17 and 19

	
	
	
	
	l0 = 9 for CSI-RS resource 18 and 20

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 17,18,19,20

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 17 and 18

	
	
	
	
	3 for CSI-RS resource 19 and 20

	
	
	QCL info
	
	TCI state #12

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #14 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2 for CSI-RS resource 21,22,23,24

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 21 and 23

	
	
	
	
	l0 = 8 for CSI-RS resource 22 and 24

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 21,22,23,24

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 21 and 22

	
	
	
	
	3 for CSI-RS resource 23 and 24

	
	
	QCL info
	
	TCI state #13

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #15 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	3 for CSI-RS resource 25,26,27,28

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 25 and 27

	
	
	
	
	l0 = 9 for CSI-RS resource 26 and 28

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 25,26,27,28

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 25 and 26

	
	
	
	
	3 for CSI-RS resource 27 and 28

	
	
	QCL info
	
	TCI state #14

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #16 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	3 for CSI-RS resource 29,30,31,32

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 29 and 31

	
	
	
	
	l0 = 8 for CSI-RS resource 30 and 32

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 29,30,31,32

	
	
	CSI-RS offset
	Slots
	2 for CSI-RS resource 29 and 30

	
	
	
	
	3 for CSI-RS resource 31 and 32

	
	
	QCL info
	
	TCI state #15

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	NZP CSI-RS for CSI acquisition
	Resource set #5
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #0

	
	Resource set #6
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #1

	
	Resource set #7
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #2

	
	Resource set #8
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #3

	
	Resource set #17 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #8

	
	Resource set #18 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #9

	
	Resource set #19 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #10

	
	Resource set #20 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #11

	CSI-RS for beam refinement
	Resource set #9
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 1
l0 = 9 for CSI-RS resource 2

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #0

	
	Resource set #10
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=1 for CSI-RS resource 3,4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 3
l0 = 9 for CSI-RS resource 4

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #1

	
	Resource set #11
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=2 for CSI-RS resource 5,6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 5
l0 = 9 for CSI-RS resource 6

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #2

	
	Resource set #12
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=3 for CSI-RS resource 7,8

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 7
l0 = 9 for CSI-RS resource 8

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #3

	
	Resource set #21 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 9,10

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 9
l0 = 11 for CSI-RS resource 10

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #8

	
	Resource set #22 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=1 for CSI-RS resource 11,12

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 11
l0 = 11 for CSI-RS resource 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #9

	
	Resource set #23 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=2 for CSI-RS resource 13,14

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 13
l0 = 11 for CSI-RS resource 14

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #10

	
	Resource set #24 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=3 for CSI-RS resource 15,16

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 15
l0 = 11 for CSI-RS resource 16

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #11

	[bookmark: _Hlk92186216]TCI state #0
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking Resource set #1' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking Resource set #1' configuration

	
	
	QCL Type
	
	Type D

	TCI state #1
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 5 from 'CSI-RS for tracking Resource set #2' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 5 from 'CSI-RS for tracking Resource set #2' configuration

	
	
	QCL Type
	
	Type D

	TCI state #2
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 9 from 'CSI-RS for tracking Resource set #3' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 9 from 'CSI-RS for tracking Resource set #3' configuration

	
	
	QCL Type
	
	Type D

	TCI state #3
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 13 from 'CSI-RS for tracking Resource set #4' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 13 from 'CSI-RS for tracking Resource set #4' configuration

	
	
	QCL Type
	
	Type D

	TCI state #8 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 17 from 'CSI-RS for tracking Resource set #13' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 17 from 'CSI-RS for tracking Resource set #13' configuration

	
	
	QCL Type
	
	Type D

	TCI state #9 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 21 from 'CSI-RS for tracking Resource set #14' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 21 from 'CSI-RS for tracking Resource set #14' configuration

	
	
	QCL Type
	
	Type D

	TCI state #10 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 25 from 'CSI-RS for tracking Resource set #15' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 25 from 'CSI-RS for tracking Resource set #15' configuration

	
	
	QCL Type
	
	Type D

	TCI state #11 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 29 from 'CSI-RS for tracking Resource set #16' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 29 from 'CSI-RS for tracking Resource set #16' configuration

	
	
	QCL Type
	
	Type D

	TCI state #4
	Type 1 QCL information
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type D

	TCI state #5
	Type 1 QCL information
	SSB index
	
	SSB #1

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #1

	
	
	QCL Type
	
	Type D

	TCI state #6
	Type 1 QCL information
	SSB index
	
	SSB #2

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #2

	
	
	QCL Type
	
	Type D

	TCI state #7
	Type 1 QCL information
	SSB index
	
	SSB #3

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #3

	
	
	QCL Type
	
	Type D

	TCI state #12 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #4

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #4

	
	
	QCL Type
	
	Type D

	TCI state #13 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #5

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #5

	
	
	QCL Type
	
	Type D

	TCI state #14 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #6

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #6

	
	
	QCL Type
	
	Type D

	TCI state #15 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #7

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #7

	
	
	QCL Type
	
	Type D

	Number of HARQ Processes
	
	8

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	Specific to each TDD UL-DL pattern and as defined in Annex A.1.3




Topic #4: Demodulation requirements for tunnel scenario   
Sub-topic 4-1: Test Scope of demodulation requirements of tunnel scenario
Issue 4-1-1: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1
· Introduce the UE demodulation requirements with DPS transmission scheme with 1a and 1b for tunnel scenario.
· Uni-directional with DPS scheme 1b
· Bi-directional with DPS scheme 1a
· Option 2
· RAN4 to define new demodulation requirements for tunnel deployment scenario only if a new channel model in the tunnel is introduced.
· Option 3
· RAN4 should agree to not introduce dedicated Demodulation requirements for Tunnel Deployment, considering this scenario covered by existing test cases;
· Option 4
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.

Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1 
· Introduce single set requirement for PUSCH in tunnel scenario based on Bi-directional scenario in the tunnel scenario.
· Option 2
· RAN4 to define new demodulation requirements for tunnel deployment scenario only if a new channel model in the tunnel is introduced.
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 3 
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.

2.4.2	Remaining Open issues
Core Part: 
· Simultaneous multi-panel operation for train roof-mounted FR2 high power devices: 
· FFS the requirement impact on scheduling availability of UE during RLM.
· CR drafting on RF requirement impact for FR2 HST multi-panel RX  
· CR drafting on RRM requirement impact for FR2 HST multi-panel RX  
· Intra-band carrier aggregation scenario: 
· FFS SCell activation delay requirement for intra-band CA for FR2 HST UE. 
· CR drafting on RRM requirement impact for FR2 HST CA 
· UL TX timing adjustment 
· CR drafting on timing and signalling characteristics related requirements for UL TX timing adjustment. 
· Other issues: further study on enhanced TCI States Activation/Deactivation, UE MAC timeAlignmentTimer behaviour, a need for timing adjustment at UL spatial relation switch, and applicability of gradual timing adjustment in between one-shot large timing adjustments
· Tunnel deployment
· FFS whether to restrict the use of DRX in tunnel deployment.
· FFS whether indication of tunnel deployment is necessary

Performance Part: 
· Specify the necessary RRM test cases based on the outcome on corresponding core part. 
· Investigate and if needed specify the demodulation performance requirements for intra-band carrier aggregation (CA) HST scenario.
· Specify the necessary demodulation performance requirements for simultaneous multi-panel reception. 
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