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Introduction
The selected topic for adhoc discussion for [108][324] NR_HST_FR2_enh_Demod
· Sub-topic 1-1 Deployment and Channel Model for Demodulation requirement with simultaneous Rx reception in open space scenario
· Sub-topic 1-2 Deployment and Channel Model for Demodulation requirement in tunnel scenario 
· Issue 1-2-1: Channel Model for Demodulation requirements in Tunnel Scenario with Single-panel reception for UE demod
· Issue 1-2-2: Channel Model for Demodulation requirements in Tunnel Scenario with Single-panel reception for BS demod
· Issue 1-2-3: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment with simultaneous multi-Rx reception for UE demodulation 
· Issue 1-2-4: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment for BS demodulation 
· Topic #2: PDSCH requirement with CA
· Issue 2-1-1:  FRC for CA requirement
· Issue 2-1-3: Release independent for CA PDSCH demodulation requirements requirement
· Topic #3: PDSCH requirement with multi-Rx reception
· Issue 3-2-4: Layer combination for full overlapping
· Issue 3-2-11: PDSCH allocation timeline in the UE Demod Test
· Issue 3-2-12: Number of MCS for PDSCH requirement for multi-Rx reception
· Topic #4: Demodulation requirements for tunnel scenario
· Issue 4-1-1: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
· Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
· Work split for FR2 HST demodulation 
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 1-1-3:  Whether and how to model relative power for channel model for PDSCH requirements with Multi-Rx Reception 
· Observations
· Observation 1 (Nokia): 
· In bi-directional HST FR2 deployments when PC6 UE receives DL signals with two panels, it cannot be assumed the channel is symmetrical, i.e., a significant power imbalance between the UE panels can be present
· Since UE in HST FR2 scenarios is tested in moving conditions (time-dependent Doppler profiles are defined) it is not realistic that the receiving power at both panels stays the same.
· Observation 2 (QC): 
· Relative power was not considered in HST DPS for either FR1 and FR2 channel modelling
· Proposals
· Option 1 (Samsung, QC)
· RAN4 should not model RRH power in FR2 HST DPS with simultaneous reception;
· Option 2 (Nokia, Huawei)
· RAN4 to introduce power profile per RRH and per UE panel in addition to Doppler shift profiles.
· 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.

· Discussion
Nokia: we can test two different RRH with two different SNR. 
QC: One MCS for one panel
QC: How is the different with different MCS level?
HW: what is the MCS to select? 
Samsung: what is rule to select MCS pair
Ericsson: one MCS is 17 based on existing FR2 HST 

· 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)
· Proposals
· Option 1 (Nokia)
· 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 (Huawei)
· 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 
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· Tentative agreement 
· TBA


Sub-topic 1-2 Deployment and Channel Model for Demodulation requirement in tunnel scenario 
Issue 1-2-1: Channel Model for Demodulation requirements in Tunnel Scenario with Single-panel reception for UE demod
· Observations
· Observation 1 (QC): 
· The channel models so far considered for Tunnel scenarios do not offer any substantial difference with respect to the existing requirements;
· Observation 2 (Samsung): 
· Minor change for doppler frequency in tunnel scenario with unidirectional scenario regardless the UE moving direction
· Proposals
· Option 1 (QC): 
· RAN4 not to consider further discussions on channel modelling for Tunnel scenario for FR2 HST DPS
· Option 2 (Samsung): 
· 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.
· Un-directional scenario 
	


	Parameter
	Value

	
	TBD

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	9722 Hz






· Discussion
· TBA
· Tentative agreement 
· TBA


Issue 1-2-2: Channel Model for Demodulation requirements in Tunnel Scenario with Single-panel reception for BS demod
· Proposals
· Option 1 (Samsung): 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






· Discussion
· TBA
· Tentative agreement 
· TBA

Issue 1-2-3: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment with simultaneous multi-Rx reception for UE demodulation 
· Observations
· Observation 1 (Nokia): 
· Bi-directional deployment with simultaneous multi-panel reception is considered in the tunnel scenario to alleviate the mobility issues.
· Proposals
· Option 1 (Nokia)
· 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



· Discussion 
· TBA 
· Tentative agreement 
· TBA


Issue 1-2-4: Channel Model for Demodulation requirements in Tunnel Scenario with Bi-directional deployment for BS demodulation 
· Observations
· Observation 1 (Nokia): 
· For evaluation of BS demodulation performance in HST FR2 tunnel deployment bi-direction propagation conditions from TS 38.104 could be reused with updated parameters for multi-Rx capable UE. However, the test does not introduce anything new to already existing test.
· Demodulation performance in HST FR2 uni-directional deployments were not introduced in Rel-17
· Proposals
· Option 1 (Nokia)
· 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






· Discussion 
· TBA 
· Tentative agreement 
· TBA


Topic #2: PDSCH requirement with CA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Issue 2-1-1:  FRC for CA requirement
· Observations
· Observation 1 (Samsung): detail analysis in R4-2312217 
· FRC should be updated to align 3 DMRS configuration in specifical slot 
· DMRS and CSI-RS colliding in special DL slot, in case 3 DMSRS symbols {2, 6,9} are available and the first OFDM symbol in the PRB for CSI-RS is {5, 9} 
· The number of CSI-RS source number is 8 for bi-directional scenario in each slot, there will be 4RE CSI-RS Res overlapping with PR-RS RE
· Observation 2 (Ericsson): detail analysis in R4-2312786 
· Special slots in R.PDSCH.5-12.1 TDD and R.PDSCH.5-12.1 TDD configures 10 downlink symbols where the first symbol is used to schedule PDCCH. Accroding to TS 38.211 7.4.1.1.2, ld is defined as:
· Duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot. 
· Since the first OFDM symbol is 0, ld becomes 10.
· According to TS38.211, Table 7.4.1.1.2-3, DMRS positions with ld=10 and dmrs-AdditionalPosition=2 are [l0, 6, 9]. This means the number of DMRS REs per PRB is 18 instead of 12.
· Proposals
· Option 1 (Samsung): Update the FRC for PDSCH requirement with CA based on the following FRC table as reference

[bookmark: _Hlk142534531]Table A.3.2.2.5-12: PDSCH Reference Channel for TDD UL-DL pattern FR2.120-1 and HST-DPS scenario
	[bookmark: _Hlk142534578]Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.5-12.1 TDD
	R.PDSCH.5-12.2 TDD
	
	
	

	Channel bandwidth
	MHz
	200
	200
	
	
	

	Subcarrier spacing
	kHz
	120
	120
	
	
	

	Allocated resource blocks
	PRBs
	132
	132
	
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/
	
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	9
	9
	
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}  
	
	13
	13
	
	
	

	For Slot i=1
	
	N/A (Note 1)
	N/A (Note 4)
	
	
	

	For Slot i=2
	
	13
	N/A (Note 4)
	
	
	

	For Slot i=3
	
	9
	N/A (Note 4)
	
	
	

	Allocated slots per 2 frames
	
	126
	124
	
	
	

	MCS table
	
	64QAM
	64QAM
	
	
	

	MCS index
	
	17
	17
	
	
	

	Modulation
	
	64QAM
	64QAM
	
	
	

	Target Coding Rate
	
	0.43
	0.43
	
	
	

	Number of MIMO layers
	
	2
	2
	
	
	

	Number of DMRS REs
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	1812
	1218
	
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {51,…,159}
	
	18
	18
	
	
	

	For Slot i =1
	
	N/A (Note 1)
	N/A (Note 4)
	
	
	

	For Slot i =2
	
	18
	N/A (Note 4)
	
	
	

	 For Slot i=3
	
	18
	N/A (Note 4)
	
	
	

	Overhead for TBS determination
	
	6
	6
	
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	
	
	

	For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	5737661480
	5737661480
	
	
	

	For Slot i, if mod(i, 5) = {0,1,2} for i from {51,…,159}
	Bits
	90176
	90176
	
	
	

	For Slot i = 1
	
	N/A (Note 1)
	N/A (Note 4)
	
	
	

	For Slot i= 2 
	
	90176
	N/A (Note 4)
	
	
	

	 For Slot i=3
	
	57376
	N/A (Note 4)
	
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	
	
	

	For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	24
	24
	
	
	

	For Slot i, if mod(i, 5) = {0,1,2} for i from {51,…,159}
	Bits
	24
	24
	
	
	

	For Slot i = 1
	
	N/A (Note 1)
	N/A (Note 4)
	
	
	

	For Slot i= 2
	
	24
	N/A (Note 4)
	
	
	

	  For Slot i= 3
	
	24
	N/A (Note 4)
	
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	CBs
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	CBs
	87
	87
	
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {15,…,159}
	CBs
	11
	11
	
	
	

	  For Slot i = 1
	
	N/A (Note 1)
	N/A (Note 4)
	
	
	

	  For Slot i =2
	
	11
	N/A (Note 4)
	
	
	

	  For Slot i= 3
	
	7
	N/A (Note 4)
	
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	
	
	

	  For Slots i = 5 and 85 (Note 3)
	Bits
	195696
	181968180720
	
	
	

	  For Slots i = 6 and 86 (Note 3)
	Bits
	195696131544
	181968116568
	
	
	

	  For Slot i, if mod(i, 5) = 3 for i from {70,…84,,87…, 159}
	Bits
	137808146520
	137808146520
	
	
	

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {275,…,7984,8287,…,159}
	Bits
	210672
	210672
	
	
	

	  For Slot i = 1
	Bits
	N/A (Note 1)
	N/A (Note 54)
	
	
	

	  For Slot i = 2
	Bits
	210672
	N/A (Note 54)
	
	
	

	  For Slot iI = 3
	Bits
	137808
	N/A (Note 54)
	
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	515.62526.704
	522.195508.25
	
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0 and slot#1 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Binary Channel Bits are calculated under assumption of 52 PRBs TRS allocation when the number of allocated resource blocks are more than 52.
Note 4:     SS/PBCH block is transmitted in slot #0, slot #1, slot#2 and slot#3 with periodicity 20m




· Discussion 
· TBA 
· Tentative agreement 
· 



Issue 2-1-3: Release independent for CA PDSCH demodulation requirements requirement
· Proposals
· Option 1 (Samsung, Nokia, Ericsson): Rel-18 FR2 HST-DPS CA PDSCH demodulation requirements should be applicable from Rel-17 according to the UE capability.
· Option 2 (Huawei): 
· Rel-18 FR2 HST CA feature can be release independent from Rel-17 only when the feasibility is verified in both demodulation part and RRM part, otherwise we should keep aligned with the demodulation part and the RRM part
· From demodulation point of view, if Rel-18 FR2 HST PDSCH CA requirements are release independent from Rel-17, add a note that the Rel-18 FR2 HST CA requirements are optional for Rel-17 UEs
· Discussion 
· TBA 

· Tentative 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 


Topic #3: PDSCH requirement with multi-Rx reception

Sub-topic 3-2: Test setup for PDSCH requirement with multi-Rx reception

Issue 3-2-4: Layer combination for full overlapping
· Proposals
· Option 1 (Ericsson, Samsung, QC):
· 2+2.
· Discussion 
· Nokia: 2+2 fine.
· Agreement 
· 2+2


Issue 3-2-9: Number of active TCIs tracking
· Proposals
· Option 1 (QC):
· RAN4 to assume the baseline behaviour for FR2 HST UE under test is to track 2 Active TCI states, one per panel
· Discussion 
· HW: 2 Rx Chain, if there is no switch, 2 should be ok. 
· Apple: PDSCH is change the progress of TRS, the impact is very small. The same requirement for both
· QC: UE can track more than 2 TCI state, the impact on the Throughput is small. The baseline for UE test is 2TCI
· E///: In FR1, one TCI is mandatory, while more than 1 is optional with UE capability   
· Agreement 
· RAN4 to assume the baseline behaviour for FR2 HST UE under test is to track 2 Active TCI states, one per panel


Issue 3-2-11: PDSCH allocation timeline in the UE Demod Test
· Observations
· Observation 1 (QC):
· RAN4 UE Demodulation performances should be evaluated when the UE loops are running on TRS;
· Proposals
· Option 1 (QC):
· 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;
· Discussion 
· 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 3-2-14: Applicability rule for PDSCH requirement with simultaneous multi-Rx reception 
· Proposals
· Option 1 (agreement in the last meeting): 
· 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 
· Option 2 (Samsung): 
· Additional UE necessary capabilities should be considered as
· If only non-overlapping scheduling requirement introduced
· Multi-DCI based multi-TRP transmission 
· If full-overlapping scheduling requirement introduced
· Multi-DCI based multi-TRP transmission 
· Overlapping PDSCHs in time and fully overlapping in frequency and time 
· Option 3 (QC): 
· RAN4 to consider revising the agreement in previous WF [2] if RRM agree to replace simultaneousReceptionDiffTypeD-r16 with a new UE capability;
· Discussion 
· QC:  The new UE capability to replace simultaneousReceptionDiffTypeD-r16 is under discussed in RRM session  
· 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 

Topic #4: Demodulation requirements for tunnel scenario   

Issue 4-1-1: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
· Observations 
· Observation 1 (Huawei): 
· The maximum frequency jump is almost same for two scenarios if the existing FR2 HST-DPS channel model Scenario is reused with some modification based on agreed Ds and Dmin.
· Observation 2 (Ericsson): 
· PDSCH demodulation performance with Tunnel model option 1 is same as Rel-17 HST-DPS Uni-directional Scenario A.
· Doppler shift jumps in option 2 impacts to the PDSCH performance, but the impact to total PDSCH throughput performance is negligible.
· Observation 3 (Nokia): 
· If the same models are used for the HST FR2 Tunnel scenario as for the open space HTS FR2, even with tunnel-specific deployment parameters, no meaningful performance in UE demodulation performance is expected. Moreover, tunnel propagation conditions may be less challenging.
· Observation 4 (Samsung): 
· The maximum Doppler shift experienced by UE in tunnel scenario is equal to 9722Hz, high than that in Open space scenario.
· Proposals
· Option 1 (Huawei)
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 (Ericsson, QC)
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.
· Option 3 (Nokia)
· 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 (Samsung)
· 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
· Discussion

· Tentative Agreement

Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
· Observations 
· Observation 1 (Huawei): 
· The maximum frequency jump is almost same for two scenarios if the existing FR2 HST-DPS channel model Scenario is reused with some modification based on agreed Ds and Dmin.
· Observation 2 (Samsung): 
· PUSCH requirements with both open space and tunnel scenario were introduced in FR1 HST
· Observation 3 (Ericsson): 
· PUSCH demodulation performance with Tunnel model option 1 and option 2 are same as Rel-17 FR2 Scenario 4-BI-NR350.
· Proposals
· Option 1 (Huawei)
· BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 (Samsung)
· 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 (Ericsson)
· RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
· Option 4 (Nokia)
· If found to be needed, introduce single set requirement for PUSCH in tunnel scenario based on uni-directional scenario with tunnel-specific parameters.
· Discussion

· Tentative Agreement


Work split for FR2 HST demodulation     
	 Work split
	Company 

	Big CR for FR2 HST demodulation
	Samsung

	Simulation result summary for FR2 HST demodulation 
	Samsung

	PDSCH requirement with CA
	[Nokia]

	PDSCH requirement with multi-Rx reception
	[Huawei, QC]

	Channel Model for Multi-Rx
	Samsung

	Applicability rule of PDSCH requirement with multi-Rx
	[QC]

	FRC for PDSCH requirement with CA and multi-Rx
	[Ericsson]

	PUSCH demodulation requirement for Tunnel Scenario and channel model if any
	FFS

	PDSCH demodulation requirement for Tunnel Scenario and channel model if any 
	FFS
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