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1	Introduction
During the last RAN4 meeting, the remaining issue on the scope and test parameters of PDSCH requirement for Rel-17 FR2 HST were further discussed. The related agreement was captured in the WF [1] as
	· Test scope for PDSCH 
· PDSCH requirement for Uni/Bi-directional RRH scenario A and B
· No dedicated PDSCH requirement in Bi-directional for scenario A
· Introduce PDSCH requirement in Uni-directional for scenario A if the feasibility of Uni-directional deployment is confirmed
· Introduce PDSCH requirement in Uni-directional and Bi-directional for scenario B
· Further discuss the following aspects
· FFS whether a single requirement/test case can be made to cover both Uni-directional and Bi-directional deployments of Scenario-B and even scenario A
-  Companies can provide performance comparison among Uni-directional and Bi-directional deployment
· UE test setup feasibility for Bi-directional deployment with two panels
· UE capability
· FFS on introduce the UE capability to differentiate requirement for Bi/Uni-directional if needed
· Maximum Doppler Frequency offset for PDSCH requirement for Bi/Uni-directional
· Option 1: 5652Hz with 0.1ppm for FOE error and 10% safety margin
· Option 2: 9722Hz
· Option 3: Define two sets of PDSCH requirement with 9722Hz and 7000Hz
· FFS on whether introduce separate requirements for Uni and Bi-directional based on UE capability  with larger and smaller Maximum Doppler Frequency if needed
· Maximum Doppler Frequency offset for PDSCH requirement in Uni-directional scenario
· Introduce PDSCH requirement with maximum Doppler frequency offset as 9722Hz in Uni-directional deployment scenario
· DPS transmission scheme for Uni-directional scenario 
· Introduce DPS scheme 1a and scheme 1b for PDSCH requirement in Uni-directional scenario if the feasibility of Uni-directional deployment is confirmed
· FFS on whether both schemes are defined in Uni-directional scenario for both Scenario A and B or not
· FFS on define different DPS schemes for scenario A and scenario B
· FFS on the test applicable if needed
· DPS transmission scheme for Bi-directional scenario 
· Introduce DPS scheme 1a for PDSCH requirement in Bi-directional scenario of scenario B
· FFS on applicability of DPS scheme 1b
· Encourage companies to further discuss the following aspect in the next meeting

· Test procedure or test feasibility between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B
· Pro and Cons between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for scenario B
· BW
· 200MHz



In this contribution, the view on remaining issue of test setup for PDSCH requirement are provided. Meanwhile, the initial simulation are provided.
2	Discussion
Doppler frequency for PDSCH requirement
In the previous meeting, in order to support maximum speed with 350km/h for downlink under unidirectional and Bi-directional RRH deployment, different assumptions on RS for frequency tracking are considered. As agreed, the assumption of RS for frequency offset tracking is up to UE implementation.
Generally, SSB will be used for initial timing/frequency tracking in case UE switching from one RRH to another RRH. It is expected that the residual frequency offset can be handled by other RS, such as DMRS, PTRS or TRS, considering the gap between adjacent RS in SSB is 2, which can achieve better Doppler tracking capability. Therefore, SSB+TRS is feasible implementation for frequency offset tracking to support 350km/h for Bi-directional RRH deployment. 
In case of UE only apply TRS tracking, the supported velocity is lower than 350km for bi-directional RRH deployment, considering the double maximum Doppler frequency will exceed the TRS Doppler estimation range. 
To allow different implementation, we suggest to define two sets of PDSCH requirement for Bi-directional RRH deployment. 
Proposal 1: Define two sets of PDSCH requirement for Bi-directional scenario with two Doppler values,  
-	9722Hz
-	7000Hz 

DPS transmission schemes
For Uni-directional scenario, both DPS scheme1a and DPS scheme 1b are feasible and introduced for PDSCH requirement.  
Compared with scenario A and scenario B, the only different is the Doppler shift trajectory. As explained in following figure
	Scenario A 
	Scenario B
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(v=350km/h, fd_max=19444Hz, Ds_offset =41+Ds
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(v=350km/h, fd_max=19444Hz, Ds_offset =369m+Ds 



Figure 2-1: The Doppler shift trajectory for uni-directional scenario in scenario A and scenario B

In the figure, the Doppler observed by UE in scenario A is larger than that in scenario B. While from the demodulation perspective, there is no different receiver processing foreseen.  Based on our initial simulation, similar performance can be achieved for Uni-directional in scenario A and scenario B. Therefore, we prefer to define the requirement with one of them, the worst scenario as A can be considered. If companies have consensus about scenario B, another solution is to define PDSCH requirement with DPS scheme 1a and DPS scheme 1b for scenario A and scenario B separately, i.e.,  DPS scheme 1a with scenario A and DPS scheme1b with scenario B
Regarding the test applicability rule for DPS scheme 1a and 1b, Rel-16 applicability rule can be used that only one scheme is tested depending UE capability. 
Proposal 2: Define PDSCH requirement with DPS scheme 1a and DPS scheme 1b to cover one scenario of Uni-directional RRH deployment 
-	DPS scheme 1a with scenario A
-	DPS scheme 1b with scenario A
Or 
-	DPS scheme 1a with scenario A
-	DPS scheme 1b with scenario B
Reuse Rel-16 applicability rule for UE test depending on UE capability, i.e, if a UE can support >1 TCI state, then UE will pass scheme 1b and skipped schem1a test cases, and if a UE only support 1 TCI state, the UE need to pass scheme 1a and ship scheme 1b test cases

Regarding the DPS transmission schemes for Bi-directional RRH deployment, as mentioned in the WID, only one panel will be activated at each time. With DPS scheme 1b, where two TCI states can be active. UE can do the pro-tracking of the second TCI state to obtain time/frequency channel characteristics.  Due to UE can only activate one panel for beam search at each time, so there will be performance loss since PDSCH associated with the first TCI state cannot received by the first panel. The benefit of DPS scheme1b for Bi-directional scenario is limited compared with DPS scheme 1a in terms of achievable throughput. 
Proposal 3: Only Define PDSCH requirement with DPS scheme 1a for Bi-directional RRH deployment in scenario B.

Test Setup for PDSCH requirement.
Number of SSB and CSI-RS resource set 
Regarding the number of beams for different scenarios, the following is agreed in the previous meeting
	· Number of beams  for good coverage in Uni-directional RRH deployment, Scenario A
· RRH parameter
· 1 beam per RRH panel 
· Other options are not precluded
· UE parameter
· 1 beam per UE panel
· 2 panels assumed to be implemented in the UE side
· Only the one active panel per UE can be used for Tx and Rx, FFS whether another panel can be used for beam search
· Number of beams  for good coverage in Uni-directional RRH deployment, Scenario B
· RRH parameter
· 2 beams per RRH panel
· Other options not precluded
· UE parameter
· 1 beam per UE panel
· Other options not precluded
· Number of beams  for good coverage in Bi-directional RRH deployment, Scenario B
· RRH parameter
· 2 beams per RRH panel
· Other options not precluded
· UE parameter
· 1 beam per UE panel
· Other options not precluded



In FR2 HST, each RRH will send at least one SSB with configuring one CSI-RS resource, which has the QCL property.
[bookmark: _GoBack]To simplify the test, we think 2 SSBs configuration should be enough to verify the UE processing for timing/frequency tracking.
As raised by companies, using both SSB+TRS for frequency offset tracking cannot solve the problem the maximum Doppler shift change is large than TRS estimation range, if the first resource received at the UE after the switch to a new RRH is TRS and not SSB. From beam switching procedure, UE should wait the next available SSB occasion for timing/frequency tracking. After beam switching successfully, UE can receive PDCCH/PDSCH with new TCI-state.  In that sense, the initial timing/frequency has been tracking. 
In existed FR2 PDSCH demodulation test, the default SSB period configuration is 20ms, TRS period configuration is 20ms, we can use as a starting point.
Proposal 4:  Configure 2 SSB association 2 CSI-RS resource sets for PDSCH requirement, where SSB # (k mod 2), CSI-RS (for tracking) resource set # ((k mod 2) + 1) , CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3)  and CSI-RS (for beam refinement) resource set # ((k mod 2)+5) are transmitted by kth RRH, 
Configure the same period for SSB and TRS as 20ms
-	SSB position in burst: 1
-	CRS-RS offset: 2 for CSI-RS resource 1 and 2, 3 for CSI-RS resource 3 and 4
MCS 
In the Rel-16 FR1 HST WI, MCS 17 with Rank2 were considered for PDSCH requirement, we  suggest use MCS 13 with rank 2 as starting point,
Proposal 5:  Choose MCS 17 with rank2 PDSCH requirement as starting point.
Scheduling in TDD special slot
For DPS transmission schemes, there is huge Doppler jump from one RRH to another RRH. Due to that point, the estimation on the special slot has performance loss due to DMRS pattern, (only 1 DMRS for special slot configuration as S: 6D 4G 4U). As for FR1 HST, based on the assumption that no obvious performance degradation compared to no slots scheduled in special slot, it was agreed that scheduled PDSCH in TDD special slots and the special slot configuration as S: 6D 4G 4U as baseline. For FR2, both two TDD patterns are considered in current Rel-15, where one is 3D1S1U with S=10D: 2G: 2U, another is 2D1S1U with. For these two pattern, 3 DMRS can be supported as in special slot. Therefore, it is expected that there 
Regarding the TDD pattern for FR2 HST, we prefer use 3D1S1U as starting point, which is the typical configuration selected in FR2 for PDSCH demodulation 
Proposal 6: Scheduled PDSCH in TDD special slots as baseline

3	Simulation Results
In this subsection, the initial simulation results for Uni-directional scenario A/B, and Bi-directional scenario B are provided.
Table 3-1:  PDSCH simulation assumpion 
	Parameter
	Unit
	Value

	CBW and SCS
	 
	120kHz, 200MHz (132PRB)

	Duplex mode
	 
	TDD

	TDD pattern
	 
	3D1S1U (FR2.120-1)
  S=10D:2G:2U

	Active DL BWP index
	 
	1

	CSI-RS for tracking
	Resource set #1
	First OFDM symbol in the PRB used for CSI-RS (l0)
	 
	5 for CSI-RS resource 1 and 3  
9 for CSI-RS resource 2 and 4 

	
	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4

	
	
	CSI-RS periodicity
	Slots
	160 （20ms）

	
	
	QCL info
	
	

	
	Resource set #2
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	6 for CSI-RS resource 5 and 6  
10 for CSI-RS resource 7 and 8 

	
	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 5 and 6
2 for CSI-RS resource 7 and 8

	
	
	CSI-RS periodicity
	Slots
	160 （20ms）

	
	
	QCL info
	
	

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	 
	 
1/AL8

	PDSCH configuration
	Mapping type
	 
	Type A

	
	k0
	 
	0

	
	Starting symbol (S) 
	 
	2

	
	Length (L)
	 
	12

	
	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

	PDSCH DMRS configuration
	DMRS Type
	 
	Type 1

	
	Number of additional DMRS
	
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	 
	1

	Propagation channel
	 
	Uni-directional Scenario A (Ds=700m, Dmin=10m)
Uni-directional Scenario B (Ds=700m, Dmin=150m)
Bi-directional Scenario B (Ds=700m, Dmin=150m)




Table 3-2: Simulation assumption for HST FR2 PDSCH
	Parameter
	Value

	Antenna configuration
	2×2 ULA Low Correlation

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

	TDD pattern
	3D1S1U (FR2.120-1)  S=10D:2G:2U 

	SCS
	120KHz

	MCS
	MCS 13 and MCS 17 within 64QAM 

	Propagation channel
	 Uni-directional Scenario A (Ds=700m, Dmin=10m)
Uni-directional Scenario B (Ds=700m, Dmin=150m)
Bi-directional Scenario B (Ds=700m, Dmin=150m)

	TRS periodicity
	20ms, 2slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	BW
	200MHz (132RB)

	Maximum Doppler shift
	9722Hz   (v=350km/h,fc = 30GHz)  7000Hz

	CSI-RS for tracking
	periodicity 160slots (20ms)

	Testing metric
	SNR @70% of maximum throughput
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Figure 3-1:  Normalized throughput (MCS13 layer1)                                    Figure 3-2:  Normalized throughput (MCS17 layer1)

[image: ]
Figure 3-3:  Normalized throughput (MCS13 layer2)

The following the summary of SNR @ 70% of maximum throughput

Table 3-3: Simulation results for NR FR2 PDSCH @ maxDoppler9722Hz, DPS scheme 1a
	Case Number
	CHBW/ SCS
	MIMO
	Max Doppler shift fd (Hz)
	MCS
	Rank
	Scenario
	SNR(dB)@70% Max TP

	1
	200MHz/120kHz

	2Tx 2Rx ULA Low

	9722
	13
	1

	Uni-directional A
	3.9

	2
	
	
	
	
	
	Uni-directional B
	3.9

	3
	
	
	
	
	
	Bi-directional B
	5.0

	4
	
	
	
	
	2
	Uni-directional A
	6.7

	5
	
	
	
	
	
	Uni-directional B
	6.7

	6
	
	
	
	
	
	Bi-directional B
	7.0

	7
	
	
	
	17
	1
	Uni-directional A
	7.3

	8
	
	
	
	
	
	Uni-directional B
	7.3

	9
	
	
	
	
	
	Bi-directional B
	8.2

	10
	
	
	
	
	2
	Uni-directional A
	10.5

	11
	
	
	
	
	
	Uni-directional B
	10.5

	12
	
	
	
	
	
	Bi-directional B
	



Table 3-4: Simulation results for NR FR2 PDSCH @ maxDoppler7000Hz, DPS scheme 1a (To be updated)
	Case Number
	CHBW/ SCS
	MIMO
	Max Doppler shift fd (Hz)
	MCS
	Rank
	Scenario
	SNR(dB)@70% Max TP

	1
	/120kHz

	ULA Low

	
	13
	1

	Uni-directional A
	

	2
	
	
	
	
	
	Uni-directional B
	

	3
	
	
	
	
	
	Bi-directional B
	

	4
	
	
	
	
	2
	Uni-directional A
	

	5
	
	
	
	
	
	Uni-directional B
	

	6
	
	
	
	
	
	Bi-directional B
	

	7
	
	
	
	
	1
	Uni-directional A
	

	8
	
	
	
	
	
	Uni-directional B
	

	9
	
	
	
	
	
	Bi-directional B
	

	10
	
	
	
	
	2
	Uni-directional A
	

	11
	
	
	
	
	
	Uni-directional B
	

	12
	
	
	
	
	
	Bi-directional B
	



Observation 1: Similar performance can be achieved for Uni-directional scenario with A and B
Observation 2: About 1 dB performance loss for Bi-directional compared with Uni-directional scenario

4	Conclusion 
In this contribution, the view on the test scope and test setup for PDSCH requirement is provided.
Observation 1: Similar performance can be achieved for Uni-directional scenario with A and B
Observation 2: About 1 dB performance loss for Bi-directional compared with Uni-directional scenario
Proposal 1: Define two sets of PDSCH requirement for Bi-directional scenario with two Doppler values,  
-	9722Hz
-	7000Hz 
Proposal 2: Define PDSCH requirement with DPS scheme 1a and DPS scheme 1b to cover one scenario of Uni-directional RRH deployment 
-	DPS scheme 1a with scenario A
-	DPS scheme 1b with scenario A
Or 
-	DPS scheme 1a with scenario A
-	DPS scheme 1b with scenario B
Reuse Rel-16 applicability rule for UE test depending on UE capability, i.e, if a UE can support >1 TCI state, then UE will pass scheme 1b and skipped schem1a test cases, and if a UE only support 1 TCI state, the UE need to pass scheme 1a and ship scheme 1b test cases
Proposal 3: Only Define PDSCH requirement with DPS scheme 1a for Bi-directional RRH deployment in scenario B.
Proposal 4:  Configure 2 SSBs association 2 CSI-RS resource sets for PDSCH requirement, where SSB # (k mod 2), CSI-RS (for tracking) resource set # ((k mod 2) + 1), CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3) and CSI-RS (for beam refinement) resource set # ((k mod 2)+5) are transmitted by kth RRH, 
Configure the same period for SSB and TRS as 20ms
-	SSB position in burst: 1
-	CRS-RS offset: 2 for CSI-RS resource 1 and 2, 3 for CSI-RS resource 3 and 4
Proposal 5:  Choose MCS 17 with rank2 PDSCH requirement as starting point.
Proposal 6: Scheduled PDSCH in TDD special slots as baseline
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