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1. Introduction
In the last RAN4 meeting, the deployment, test scenario, channel model and test scope for demodulation requirements were under discussion. The related agreements were captured in the WF [1].  Regarding the deployment scenario and test scope of PDSCH requirement for multi-Rx reception are made as
	·  Deployment and Channel Model for Demodulation requirement with simultaneous Rx reception in open space scenario
· Deployment Scenario for FR2 HST simultaneous multi-Rx reception requirements for Open Space Scenario
· 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
· Beam serving coverage for multi-Rx reception in Bi-directional scenario
· 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



· Channel model for PDSCH requirements with Multi-Rx Reception
· No need to model the relative propagation delay from the visible RRH into the channel modelling
· FFS whether need to relative power for channel modeling
· 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





	
· PDSCH requirement with multi-Rx reception
· General for PDSCH requirement with multi-Rx reception
· UE processing assumption for the FFT window
· Option 1: RAN4 shall consider that 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 space is observed, additional margin should be added 
· Option 3
· Independent FFT window for each panel for this scenario the reception time difference between different TRPs is lager than one CP
· Capability for PDSCH requirement with simultaneous multi-Rx reception 
· 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 
· Transmission schemes
· FFS on sDCI scheme
· Layer combination 
· 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
· Test applicability rule of PDSCH with mDCI and sDCI if introduced both
· 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
· Simulation Assumption for initial simulation purpose  
· 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 
· 






In this contribution, the view on deployment scenario and test setup for PDSCH requirement with multi-Rx reception are provided. 
2	Discussion
2.1	Deployment for PDSCH requirement with multi-Rx reception
Beam serving coverage
In the last meeting, both scenario A and scenario B are considered in Bi-directional deployment scenarios for initial evaluation with following table 

	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



RAN4 has agreed to 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. Meanwhile, based on RF core requirement, the same one-directional spherical coverage in both forward and backward directions for bi-directional scenarios.
Therefore, the same value of Ds_offset can be used from Un-directional scenario for Bi-directional scenario to determine beam serving coverage for each beam for different panels deployed in RRH. Compared with scenario B-2, the Ds-offset is middle of two RRH, which is same as the Bi-directional scenario in Rel-17.
The followings are the Doppler shift trajectory figures for different scenarios. 
[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 1 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)

[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 2 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)

[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx(xlable is distance).jpg]
Figure 3 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)

From above doppler shift trajectory, scenario B-1 is more challenge, considering it has large doppler jump around the switching point
Observation 1: scenario B-1 is more challenge with large doppler jump around the switching point
From the deployment aspect, we think both scenario A and scenario B are feasible scenarios, deployed based on interested operators. While from the baseband processing, there is no difference among all the scenarios. As initial results shown by our contribution, similar performance can be achieved. Therefore, to reduce the test effort, we think single requirement could be introduced for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements. 
Proposal 1: Define single requirement for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements. The channel model based on scenario B can be regarded as baseline 

2.2	Channel model for PDSCH requirement with multi-Rx reception
Since assuming CPE processing with 2x2 per TRP per panel separately without signal combining based on mDCI transmission, and no inter-TRP and inter-panels interference modeling, then, there is no necessary to include the relative power for channel modeling
Proposal 2: No need to model the relative power for tap from the visible RRH   
As agreed, the existing FR2 HST DPS channel model defined in Uni-directional scenario is used for channel model for each panel in the Bi-directional scenario with following equation as
	· Doppler shift  (Hz) from the left panel of RRH for PDSCH received at right panel of UE is given by



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







Regarding the initial starting point of UE, in Rel-17 FR HST with Uni-directional scenario, UE is located at the switching point of served RRHs, where the largest doppler experienced. The followings are the Doppler shift trajectory figures for scenario B-1 with different starting points
[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in (-Ds_offset) - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 4 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in (-Ds_offset)

[image: C:\Users\ziyuan.qiu\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Start position in 0 - Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx (xlable is distance).jpg]
Figure 5 Doppler shift trajectory(f_d=9722Hz) as seen by PDCCH nad PDSCH for each RRH for FR2 HST multi-Rx - Start position in 0
Observation 2:  two switching point happens within one Ds moving period  
In general, the performance of different start point should be no different. With Bi-directional scenario, we can use the same rule 
Proposal 3: Set the starting point at the switching point of served RRHs
	· Doppler shift  (Hz) from the left panel of RRH for PDSCH received at right panel of UE is given by



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







2.3	Test setup for PDSCH requirement with multi-Rx reception
UE processing assumption for the FFT window
Regarding the number of FFT window, since no joint preprocessing/ decoder is considered for mDCI for RF requirement. Meanwhile, based on the RRM core requirement, Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length. Therefore, given the assumption that each panel can process the signal separately, one FFT is available for each panel, then, there should be no issue for MRTD is larger than the CP length.
Therefore, to handle the scenario with MRTD larger than one CP, based on independent FFT window for each panel should be one effective solution, while it should be up to UE implementation. To allow different UE implementation, we are fine to do not specify the baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirement definition. 
Regarding the additional margin, it should be discussed based on simulation results collected from companies to check whether it is needed to added, in case large span is observed 
Proposal 4: Independent FFT window for each panel should be effective solution for UE to handle the scenario the reception time difference between different TRPs is larger than one CP.
Proposal 5: Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition. FFS additional margin added based on simulation results.

Transmission scheme 
Regarding the transmission scheme, in sDCI based transmission scheme, the different layers transmitted by each RRH belongs to one CW, which means the information before decoder for each panel should be combined into one decoder, even with assumption that UE will process 2x2 per panel separately. Although the issue of MRTD larger than the CP length can be solved by each panel with separated FFT window, large power imbalance of each layer transmitted by each RRH are still existing. Therefore, we think the gain of sDCI based transmission scheme is limited compared with mDCI based transmission scheme. Then, only consider mDCI based transmission scheme for PDSCH requirement with multi-Rx reception.
Proposal 6: only consider mDCI based transmission scheme for PDSCH requirement with multi-Rx reception
Layer combination 
Since the assumption is UE can process with 2x2 per RRH separately, and no inter-TRP/inter-CPE interference modeling, then, the channel model for each panel can be regarded as Uni-directional. 2+2-layer combination should be no issue. 
Based on our initial simulation results, the SNR with 70% TP with 2 layers transmission for each panel in Bi-directional scenario is close to that in Uni-directional scenario. Therefore, there is no issue to support 2+2-layer combination 
Proposal 7: Only consider 2+2-layer combination based on mDCI transmission scheme for requirement definition of multi-Rx reception 


PDSCH scheduling 
For PDSCH scheduling, UE can support fully/partially and non-overlapping in time and frequency domain, required capability signaling, where non-overlapping is the basic feature if UE supporting multi-DCI transmission, while full overlapping is additional UE feature if UE supporting multi-DCI transmission. In Rel-16 eMIMO WI, only non-overlapping requirement are introduced, considering the baseline reception is MMSE without interference cancelation. For Rel-18 FR2 HST, since each panel can process the signal transmission coming from each TRP and no interference was assumption, it should be benefit to consider the full-overlapping scheduling, which can help to improve the system throughput. Therefore, we suggest to introduce PDSCH requirement with full-overlapping scheduling. While considering it required additional UE capability and test coverage for UE only supporting the basic feature of multi-DCI transmission, PDSCH requirement with non-overlapping scheduling could be considered. 
Since from baseband processing aspect, there should be no difference between non-overlapping and full-overlapping if UE supporting multi-panel reception separately, we can introduce the test applicability for them to reduce test effort if requirements for both of them are introduced to reduce test
Proposal 8: both non-overlapping and full-overlapping scheduling requirement can be introduced. If both introduced, introduce FR2 HST demodulation tests for simultaneous reception with mDCI and non-overlapping scheduling, and related applicability rule to skip mDCI and non-overlapping scheduling if UE can support full-overlapping scheduling

PDSCH rate matching in mTRP transmission 
One issue was raised about the clarification of PDSCH rate matching in mTRP transmission scheme with PT-RS in multi-Rx WI, where two options are considered 
· Option 1: PT-RS allocation does not overlap with PDSCH allocation per TRP.
· Option 2: PT-RS allocation does not overlap with any PDSCH allocation.
Table 2-1: PDSCH data matching options for mTRP with PT-RS
	
	Option 1
	Option 2

	Freq. alloc.
	TRP#1
	TRP#2
	TRP#1
	TRP#2

	RE11
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE10
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE9
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE8
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE7
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE6
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE5
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE4
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE3
	PDSCH#1
	PTRS#2
	DTX
	PTRS#2

	RE2
	PTRS#1
	PDSCH#2
	PTRS#1
	DTX

	RE1
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2

	RE0
	PDSCH#1
	PDSCH#2
	PDSCH#1
	PDSCH#2



Based on RAN1 Rel-16 eMIMO discussion, it seems is no mentioned that the rate matching pattern for PTRS (of another overlapping PDSCH) will be indicated. Then, Option 1 can be considered for full over-overlapping scheduling as baseline

Proposal 9: Only consider 2+2-layer combination based on mDCI transmission scheme for requirement definition of multi-Rx reception 

Number of TCI state configuration
Similar as Rel-17 FR2 HST bi-directional scenario, 8 TCI state configurations is assumed 	
Proposal 10: maximum 8 SSB and TCI state configuration for each cell is configured 

PDSCH scheduling in special slot
Similar as Rel-17 FR2 HST bi-directional scenario, PDSCH scheduling in the special slot is assumed 
Proposal 11: PDSCH scheduling in the special slots is assumed.


Test applicability for PDSCH requirement with simultaneous multi-Rx reception 
In the last meeting, the test applicability rule for simultaneous multi-Rx reception requirements was under discussion. mDCI with full-overlapping scheduling should be feasible for PDSCH requirement with simultaneous multi-Rx reception, which requires UE supporting mDCI with full-overlapping scheduling Based on UE feature list of eMIMO in Rel-16, UE supporting multi-DCI based on multi-TRP is UE optional with capability signaling feature and UE supporting overlapping PDSCHs in time and fully overlapping in frequency and time is also UE optional capability signaling feature  if UE supporting multi-DCI based on multi-TRP.  Therefore, excepting the following capabilities, additional necessary capabilities should be considered 
· 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

Proposal 12: additional 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


3	Simulation results 
In this section, the initial simulation results are provided based on initial simulation assumption in the last meeting.
Initial ideal results for multi-Rx reception with different scenarios 
	　Scenario
	　
	Doppler Frequency 
	BW
	Layer
	Rx Panel 
	SNR (70%)

	Scenario A
	2x2 TDD
	9722Hz
	50MHz
	2+2
	Left
	10.62

	
	
	
	
	
	Right
	10.75

	Scenario B-1
	
	
	
	
	Left
	10.65

	
	
	
	
	
	Right
	10.7

	Scenario B-2
	
	
	
	
	Left
	10.58

	
	
	
	
	
	Right
	10.71



Observation 3: similar performance can be achieved for difference scenarios, and also for UE each panel reception
4	Conclusion
In this contribution, the view on the test scenario, channel modelling and test setup for FR2 HST PDSCH requirement with multi-Rx simultaneous reception in Bi-directional deployment for open space scenario was provided, 
Observation 1: scenario B-1 is more challenge with large doppler jump around the switching point
Proposal 1: Define single requirement for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements. The channel model based on scenario B can be regarded as baseline 
Proposal 2: No need to model the relative power for tap from the visible RRH   
Observation 2:  two switching point happens within one Ds moving period  
Proposal 3: Set the starting point at the switching point of served RRHs
	· Doppler shift  (Hz) from the left panel of RRH for PDSCH received at right panel of UE is given by



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







Proposal 4: Independent FFT window for each panel should be effective solution for UE to handle the scenario the reception time difference between different TRPs is larger than one CP.
Proposal 5: Do not specify baseline UE processing assumption for the FFT window and leave it to UE implementation for FR2 HST performance requirements definition. FFS additional margin added based on simulation results.
Proposal 6: only consider mDCI based transmission scheme for PDSCH requirement with multi-Rx reception
Proposal 7: Only consider 2+2-layer combination based on mDCI transmission scheme for requirement definition of multi-Rx reception 
Proposal 8: both non-overlapping and full-overlapping scheduling requirement can be introduced. If both introduced, introduce FR2 HST demodulation tests for simultaneous reception with mDCI and non-overlapping scheduling, and related applicability rule to skip mDCI and non-overlapping scheduling if UE can support full-overlapping scheduling
Proposal 9: Only consider 2+2-layer combination based on mDCI transmission scheme for requirement definition of multi-Rx reception 
Proposal 10: maximum 8 SSB and TCI state configuration for each cell is configured 
Proposal 11: PDSCH scheduling in the special slots is assumed.
Proposal 12: additional 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
· Observation 3: similar performance can be achieved for difference scenarios, and also for UE each panel reception
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