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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 #108 (Toulouse, France, 21–25 August, 2023)
1. UE RF requirement
Multi-panel reception: 
· [bookmark: _Hlk144378747]CR (R4-2314757) is agreed for RF requirements of FR2 HST multi-panel operation. 
· 2AoA spherical coverage: No performance degradation shall be expected compared to 1AoA requirement in Rel-17. 
Intra-band CA: 
· CR (R4-2313024) is agreed for power class 6 intra-band CA requirements. 

2. RRM requirement
Big CR (R4-2313541) to TS 38.133 for the enhanced NR support for FR2 HST is email-approved with the following endorsed dCRs contained:
· R4-2313798, DraftCR on RLM requirements for R18 FR2 HST, Qualcomm
· R4-2314285, DraftCR on HST Requirements for SSB based BFD, Xiaomi
· R4-2314286, DraftCR on MRTD requirements for HST FR2 multi-panel Rx UE, Intel
· R4-2314459, DraftCR on L1-RSRP requirements for R18 FR2 HST, Huawei, HiSilicon
· R4-2314289, DraftCR on HST FR2 Enhanced CA Inter-Frequency Cell Detection, Nokia
· R4-2314290, DraftCR on intra-frequency measurement requirements for R18 FR2 HST CA, Huawei
· R4-2314291, DraftCR on inter-frequency measurement requirements in Idle mode for FR2 HST, Samsung
· R4-2314296, DraftCR on SCell activation delay for HST FR2, Ericsson
· R4-2314292, DraftCR on HST FR2 Enhanced TCI State Switch, Nokia
· R4-2314293, DraftCR on UE timing requirements for R18 FR2 HST, Huawei
CR (R4-2314480) to TR 38.854 is agreed for HST FR2 enhanced tunnel deployment.
Reply LS (R4-2314299) to RAN2 on MAC-CE Based Indication for Cross-RRH TCI State Switch is approved.
WFs on FR2 HST RRM requirements are approved in R4-2314297 (part 1) and R4-2314298 (part 2), with details provided as follows:


Way forwards on simultaneous multi-panel operation for train roof-mounted FR2 high power devices are provided as: 
[bookmark: _Hlk129273127]Sub-topic 1-1: Possible scenarios analysis in Rel-18 FR2 HST
Agreement
· Define the RRM requirements for Rel-18 FR2 HST Multi-Rx based on the following scenarios described in R4-2314160 clause 1.2.1:
· Scenario A & D: The FR2 PC6 UE uses two active panels pointed forward and backward to receive DL signal transmitted from two RRHs with different QCL TypeD RSs at the same time.

Sub-topic 1-2: Whether need to define a new or reuse the existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
Agreement
· Define a new UE capability [simultaneousReceptionFR2HST-r18] to indicate support of simultaneous multi-panel reception for Rel-18 FR2 PC6 UE
· Details can be discussed in Rel-18 feature list discussion. 
· The conclusion from Rel-18 Multi-RX WI could be considered. 

Sub-topic 1-3: Whether to define the new scheduling restriction requirements for data+L1 measurement
Way Forward: 
· In the maintenance of WI, RAN4 will discuss the feasibility and try to define enhanced scheduling/measurement restriction requirements for data+L1 measurement for Rel-18 FR2 HST multi-panel simultaneous reception
· FFS, whether/how to capture in the TS that no scheduling/measurement restrictions apply for the case of simultaneous data reception on one panel and SSB reception on the other panel in case of data and SSB transmission from different RRHs

Sub-topic 1-4: Whether to/How to define the new measurement restriction requirements for simultaneous L1+L1 measurement
Agreement: 
· There is no need to consider measurement restriction enhancement on SSB configuration for neighboring RRHs for Rel-18 FR2 HST multi-panel simultaneous reception


Sub-topic 1-5: Whether to/How to reduce the sweeping factor N1
Agreement: 
· Introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting Rel-18 multi-panel reception and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional: 
· Baseline: 
· N1 = [1.5] when highSpeedMeasFlagFR2-r17 = set1; 
· One company have the concern on the impact of N1=[1.5], and may further study the feasibility in the maintenance of Rel-18. 
· N1 = [4] when highSpeedMeasFlagFR2-r17 = set2
· Use the following text proposal for the enhancement for RLM, BFD and L1-RSRP measurement: 
· Note: Scaling factor N=2 when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N=6 when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is not supporting [simultaneousReceptionFR2HST-r18] or when highSpeedDeploymentTypeFR2-r17 is not configured as bidirectional; Scaling factor N=[TBD] when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N=[4] when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is supporting [simultaneousReceptionFR2HST-r18] and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional.

Way forwards on intra-band carrier aggregation scenario are provided as: 
Sub-topic 2-1: Inter-frequency measurement requirements
Issue 2-1-1: Whether need to support separate CA and inter-frequency enhancements for Rel-18 FR2 HST
Agreements
· Introduce per-UE capability to indicate whether the UE is capable of supporting the enhanced RRM requirements for Connected and Idle mode inter-frequency measurements for FR2 HST
· FFS whether to introduce a cell specific network signalling to inform UE whether to apply the enhanced RRM requirements for Connected and Idle inter-frequency measurement for FR2 HST. 
· FFS: Do not introduce new network indication or UE capabilities to support CA enhancements for R18 FR2 HST
Agreement: 
· A single per-UE capability is introduced for FR2 HST CA and inter-frequency measurement enhancement: 
· [bookmark: _Hlk143778360][measurementEnhancementCAInterFreqFR2-r18] indicates whether the FR2 PC6 UE supports the enhanced RRM requirements for carrier aggregation as specified in TS 38.133 and the UE supports the enhanced RRM requirements for inter-frequency measurements in connected and idle mode as specified in TS 38.133.
Agreement: 
· Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in Connected mode. 
· Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for intra-frequency measurement on SCC for FR2 HST in Connected mode. 

Issue 2-1-2: Whether need to introduce signalling for idle mode inter-frequency measurement requirements
Agreement: 
· Reuse Rel-17 IE highSpeedMeasFlagFR2-r17 in SIB to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in idle mode.

Sub-topic 2-2: Intra-frequency measurement requirements on SCC 
Agreement: 
· For UE supporting power class 6 with [highSpeedMeasFlagFR2] configured, the TSSB_measurement_period_intra specified for UE supporting [measurementEnhancementCAInterFreqFR2-r18] shall apply for SCC.
· Specification change is required, because new capability [measurementEnhancementCAInterFreqFR2-r18] is introduced.  

Sub-topic 2-3: The RRM impact for SCell activation delay requirement for Rel-18 FR2 HST UE
Agreement: 
· SCell activation delay with 3ms Tactivation_time can be applied without having to fulfil legacy conditions in HST FR2 scenario, and the below text proposal is used in CR: 
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the FR2 power class 6 UE is configured with highSpeedMeasFlagFR2-r17, Tactivation_time is 3 ms, provided
-	the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
  Editor Notes: FFS additional condition/capability is needed.



Way forwards on UL TX timing adjustment are provided as: 
Issue 1-1-1: MAC-CE based cross-RRH indication
Agreement
· If MAC-CE bit indicates “1” then for the TCI state switch, UE may expect that there is a large timing difference between DL signals from two non-collocated RRHs.
· If MAC-CE bit indicates “0” then for the TCI state switch, UE may expect that the timing difference between DL signals from two RRHs or from the same RRH is smaller than a quarter of CP.

Issue 1-1-2: One-shot large timing adjustment: DL propagation delay difference threshold
Agreement
· When MAC-CE indicates “1”
· When highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for HST PC 6 UE supporting [largeOneStepUL-timingFR2-r17] capability, UE shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold.
· When MAC-CE indicates “0”
· Gradual timing adjustment requirements in Clause 7.1.2.1 in TS 38.133 apply to the first UL transmission after TCI state switch, i.e., one shot large UL timing adjustment is not applied.

Issue 1-1-3: TCI state switching delay
Agreement
· When MAC-CE indicates “1”
· Rel-17 TCI state switching delay requirements in HST FR2 scenarios from TS 38.133, Clause 8.10.3A are followed without changes.
· When MAC-CE indicates “0”,
· UE follows the Rel-15 TCI state switching requirements as described in TS 38.133 Clause 8.10.3

Issue 1-1-4: UE feature definition for cross-RRH MAC CE based indication solution
Agreement
· RAN4 sees a need to define enhanced MAC CE indication in HST FR2 deployments and corresponding [highSpeedTCISwitchEnhMAC-CE-FR2-r18] UE capability.
· The detail of the capability can be discussed in Rel-18 feature list discussion.

Issue 1-1-5: Enhanced/Unified TCI state activation/deactivation
Agreement
· RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321.


Way forwards on tunnel deployment are provided as: 
Issue 2-1: UL interruption in tunnel scenario
Way forward
· The following issue has been identified by a company that may need further study in the maintenance stage:
· Option 1: RAN4 to study the UL interruption issue that may occur in multi-panel reception inside tunnel:
· Option 1a: switching the UL to the other connected RRH before the UL failure happens
· Option 1b: UL shall not be configured for the link-failure-prone RRH
· Option 1c: Allow UE to adjust UL timing autonomously in the case of beam failure
· Other options are not precluded.

Issue 2-2: Use of DRX in the tunnel deployment
Way forward
· The following issue has been identified by a company that may need further study in the maintenance stage:
· In the HST FR2 Tunnel deployment, the reliable mobility performance for PC6 UEs at maximum speed of 350 km/h may not be guaranteed when DRX is enabled.

Issue 2-3: Indication of tunnel deployment
Agreement
· Not to introduce signalling indicating tunnel deployment

3. Demodulation requirement
WF (R4-2313919) on FR2 HST demodulation requirements is approved, with the following agreements and way forwards contained, and the simulation assumption (R4-1313920) for FR2 HST demodulation is approved. 

Way forwards on 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:  Channel model for demodulation requirement for PDSCH with simultaneous multi-Rx reception
Agreement: 
· Use the modified channel models for simultaneous multi-Rx reception scenario  
	Panel 1
	



	Panel 2
	





Issue 1-1-2:  Starting point for channel model for PDSCH requirements with Multi-Rx Reception 
Agreement: 
· The train location is denoted as y = y0 + vt. The starting train location y0 corresponding to t=0 is y0= (- DS_offset)


Issue 1-1-3:  Whether need to include relative power for channel model for PDSCH requirements with Multi-Rx Reception 
Agreement: 
· Further discuss whether and how to model power profile across Rx chains under demodulation test cases with fixed FRC
· Test feasibility need to be taken into account when selecting suitable test set-up.

[bookmark: _Hlk142993342]Issue 3-2-12: Number of MCS for PDSCH requirement for multi-Rx reception 
Agreement: 
· It is feasible to define PDSCH demodulation requirement per Rx panel with different MCS per Rx panel 
· Companies are encouraged to check the feasibility of MCS pair (MCS 17, MCS [13]) or (MCS 17, MCS [19]) in next meeting
· Other feasible MCS pair are not precluded 

Issue 1-1-4:  How to model relative power for channel model for PDSCH requirements with Multi-Rx Reception (if relative power is introduced)
Agreement: 
· FFS
· Option 1 
· Option 1a: Define power profiles based on the free-space pathloss
· Option 1b: Define power profiles that considers UE and RRH beam gains in addition to pathloss
· Option 2 
· Model the relative power for HST FR2 multi-Rx channel modelling as following:
· Power level Pk (dB) for the signal from kth RRH, normalized to the total power received from all visible RRHs, is given by:
·  for 
·  for 

Issue 1-1-5:  Requirements need to be introduced for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirement
Agreement: 
· Define single requirement for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements, considering Scenario B-1 for requirement
	Parameters
	Description
	Scenario B-1

	Ds
	Inter-RRH distance
	700m

	Dmin
	Distance between rail track and RRH
	150m

	v
	Train velocity
	350km/h

	fd
	Maximum Doppler frequency shift
	9722Hz

	fc
	Carrier frequency
	30GHz

	Drx_panel
	Distance between two UE Rx panels
	0m

	Ds_offset
	Switching transmission point between adjacent RRHs
	100m



Sub-topic 1-2 Deployment and Channel Model in tunnel scenario 
Issue 1-2-1: Channel Model in Tunnel Scenario for UE demodulation 
Way forward: 
· Option 1: 
· RAN4 not to consider further discussions on channel modelling for Tunnel scenario for FR2 HST DPS
· Option 2: 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

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	9722 Hz






· Interested companies can provide the simulation results for initial performance evaluation in tunnel scenario deployment in the next meeting

Issue 1-2-2: Channel Model for Demodulation requirements in Tunnel Scenario with Single-panel reception for BS demod
Way forward: 
· 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
	


	Parameter
	Value

	
	TBD

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	19444 Hz






· Interested companies can provide the simulation results for initial performance evaluation in tunnel scenario deployment in the next meeting


Issue 1-2-3: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment with simultaneous multi-Rx reception for UE demodulation 
Way forward: 
· Option 1: 
· RAN 4 to reuse open-space propagation condition for two-sided reception (including Doppler and power profiles) for the tunnel deployment with tunnel-specific parameters as follows

	Parameters
	Description
	Tunnel

	Ds
	Inter-RRH distance
	700m

	Dmin
	Distance between rail track and RRH
	1m

	v
	Train velocity
	350km/h

	fd
	Maximum Doppler frequency shift
	9722Hz

	fc
	Carrier frequency
	30GHz

	Drx_panel
	Distance between two UE Rx panels
	0m

	Ds_offset
	Switching transmission point between adjacent RRHs
	[10, 5]m



· Interested companies can provide the simulation results for initial performance evaluation in tunnel scenario deployment in the next meeting


Issue 1-2-4: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment for BS demodulation 
Way forward: 
· Option 1: 
· RAN4 to consider uni-directional scenario for testing HST FR2 Tunnel deployment when UE is moving in the same direction with the serving beam and Ds_offset = 10m (Option 2)

	· 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

	
	10m






· Interested companies can provide the simulation results for initial performance evaluation in tunnel scenario deployment in the next meeting

Way forwards on UE demodulation for CA requirement: 
Issue 2-1-3: Release independent for CA PDSCH demodulation requirements requirement
Agreement
· From demodulation point of view, it is feasible to define Rel-18 FR2 HST PDSCH CA requirements which are release independent from Rel-17 according to the UE capability with PC6 UE
· The RRM conclusion on release independence of Rel-18 FR2 HST CA requirements shall be taken into account

Way forwards on 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
Agreement:
· Encourage companies to evaluate the performance difference with assumption on FFT (single FFT across Rx chains, and separate FFT per RF chain)

Sub-topic 3-2: Test setup for PDSCH requirement with multi-Rx reception
Issue 3-2-1: Transmission schemes
Agreement:
· Do not consider single-DCI based multi-TRP scheduling for PDSCH requirement 

Issue 3-2-3: PDSCH resource scheduling for requirements
Agreement:
· Only cover full overlapping

Issue 3-2-4: Layer combination for full overlapping
Agreement:
· 2+2

Issue 3-2-6: PDSCH rate matching in mTRP transmission
Agreement:
· PT-RS allocation does not overlap with PDSCH allocation per TRP

Issue 3-2-7: PDSCH scheduling and Number of DMRS in TDD DL special slot
Agreement:
· PDSCH scheduling in the special DL slot is assumed with 3 DMRS configuration

Issue 3-2-8: Number of SSB and TCI state configuration for each cell
Agreement:
· Maximum 8 SSB and TCI states configuration for each cell is configured

Issue 3-2-9: Number of active TCIs tracking
Agreement:
· RAN4 to assume the baseline behaviour for FR2 HST UE under test is to track 2 Active TCI states, one per panel

Issue 3-2-10: TRS periodicity
Agreement:
· RAN4 to choose 10ms TRS periodicity to align with existing FR2 HST requirements

Issue 3-2-11: PDSCH allocation timeline in the UE Demod Test
Agreement:
· PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.
· The detail of scheduling pattern can be further discussed in the next meeting
· Option 1: RAN4 to follow the same approach used in FR1 HST DPS requirements and FR2 HST DPS requirements (Bidirectional) and define a PDCCH/PDSCH allocation timeline independent per each Panel, including a number of slots in which PDCCH and PDSCH are DTX and throughput statistics are not considered, starting from the TCI state switch and until the UE has received one TRS from the new RRH (TfirstTRS) and has had time to process it (TTRSproc), including THARQ and TMAC proc;
· Other options are not precluded.

Issue 3-2-13:  Power scaling for two served RRH
Agreement:
· Apply a constant scaling factor  to the transmitted PDSCH signal from each TRxP, as same as Rel-16 multi-TRP SDM transmission scheme

Issue 3-2-14: Applicability rule 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
· [bookmark: _Hlk143788347]Additional UE necessary capabilities should be considered as
· Multi-DCI based multi-TRP transmission 
· Overlapping PDSCHs in time and fully overlapping in frequency and time 
· Other UE capability could be considered if introduced in the RRM session 

Issue 3-2-15: Simulation Assumption for initial simulation purpose  
· Companies are encouraged to provide simulation results for PDSCH requirement with multi-Rx reception in the RAN4#108bis meeting based on simulation assumption in R4-2313920

Way forwards on 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
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.
· Option 3
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario. If no meaningful difference in between open space and tunnel deployments is indicated, no new tunnel propagation conditions need to be introduced and conformance can be concluded based on open-space requirements, e.g., in HST FR2 Scenario A with two-panel reception.
· Option 4 
· If PDSCH requirements with DPS transmission scheme is introduced, the DPS 1a and 1b can be considered for Uni-directional and Bi-directional scenario, separately

Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1 
· BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· If PUSCH requirement is introduced, single set requirement for PUSCH in tunnel scenario based on Bi-directional scenario in the tunnel scenario could be considered
· Option 3 
· RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
· Option 4 
· If found to be needed, introduce single set requirement for PUSCH in tunnel scenario based on uni-directional scenario with tunnel-specific parameters.

2.4.2	Remaining Open issues
Core Part: 
· No remaining work expected.  

Performance Part: 
· Specify the necessary RRM test cases based on the outcome on corresponding core part. 
· 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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