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Introduction
In RAN4 #98-bis-e meeting WF on HST FR2 demodulation requirements was agreed[1]. In this paper we provide our view on DL performance requirements introduction. In our companion paper we also address UL demodulation performance requirements [2].
[bookmark: _Hlk61630765]Discussion
Reference signals
Baseline RS for frequency tracking
In the last meeting the following observations on max supported UE velocity were captured for further discussions: 
	· [bookmark: _Hlk71207272]Companies' observation on Maximum Speed feasibility, companies can further check until next meeting
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval) for frequency offset tracking under unidirectional RRH deployment with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval) +SSB for frequency offset tracking under unidirectional and bi-directional RRH deployment with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval) + PTRS (L=1, K=2) for frequency offset tracking under bi-directional RRH deployment with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with PTRS or DMRS (1+1+1) + PTRS (L=1, K=2) configuration used for frequency offset tracking under single tap propagation conditions with 120KHz SCS


As we see, all observations conclude that it is feasible to support 350 km/h UE speed in downlink but all of them have different assumptions on RS for frequency tracking:
1. TRS for unidirectional
2. TRS + SSB for unidirectional and bidirectional
3. TRS + PTRS for bidirectional
4. PTRS or DMRS + PTRS for unidirectional and bidirectional
When UE is served by one RRH it performs continuous frequency tracking of continuous Doppler frequency trajectory. In this case there are no limitations on using RS for tracking since frequency changes between consecutive estimations are quite low. However, it is better to consider TRS based tracking since we cannot guarantee continuous PDSCH scheduling and hence availability of DMRS/PTRS for tracking.

In DPS Tx scheme the switching from one RRH to another is performed by different SSBs assigned for different RRHs. Considering quite good SSB based frequency offset estimation capability we can assume that only residual frequency error needs to be handled after switching point in DPS Tx schemes.
Observation #1: When UE is served by one RRH the Doppler frequency trajectory is continuous and there are no problems to track it by TRS.
In the other region when switching from one RRH to another is happened, UE needs to estimate frequency jump that depends on deployment scenario. For unidirectional scenario where switching is performed near the RRH, in the worst case, UE need to estimate frequency jump equals to max Doppler frequency (it can be different depending on exact switching point). In bidirectional deployments the switching is performed in the middle area between two RRHs. In this case frequency jump can be up to 2x max Doppler frequency. 
Observation #1: To perform switching from one RRH to another UE needs to handle frequency jump which is different for different deployments scenarios. For unidirectional it can be up to max Doppler frequency and in bidirectional up to double max Doppler frequency.
For DPS Tx scheme we assume that different SSBs are assigned for different RRHs. It means that initial frequency synchronization to RRH can be performed by SSB and only residual frequency error should be estimated by other RS after Tx point switching. If SSBs are not used for frequency tracking when TC state switching is triggered then frequency jump should be handled by TRS, DMRS or PTRS. Accordance to our study [3], only PTRS can handle double max Doppler frequency jump in bidirectional scenario and any RS can be used in unidirectional scenarios. 
Companies may have different assumptions on frequency tracking and configuring PTRS during the test RAN4 does not restrict any of them. In this case we think there is no need to reach agreement on baseline RS for frequency tracking since we should not mandate one of implementations. Since all companies confirm that it is feasible to support 350 km/h UE speed we suggest not pursuing agreement of RS for frequency tracking.
Proposal #1:	Do not pursue agreement on baseline reference signal for DL frequency tracking.

DMRS configuration
There are different views on the number of additional DMRS symbols for DL performance verification:
	· DMRS configuration for PDSCH demodulation requirement
· Option 1: 1 DMRS 
· Option 2: 1+1+1 DMRS


Option 1 restrict DMRS based frequency offset estimation that is the most accurate estimation compared to TRS and PTRS due to higher DMRS density in frequency domain. To allow different implementations of frequency offset estimation we suggest configuring one or two additional DMRS symbols. 
Proposal #2:	Consider one or two additional DMRS symbol for requirements definition (i.e. 1+1 or 1+1+1 configuration)

Test setup
BW
There are two options on BW configuration for HST FR2 test cases:
	· SCS and BW
· Option 1: 120KHz with 100MHz
· Option 2: 120KHz with 200MHz


Considering limited number of CPEs per train it is reasonable to assume higher BW tin order to provide sufficient QoS. In this case we suggest defining requirements with 200 MHz BW configuration.
Proposal #3:	Consider 200 MHz BW for DL HST FR2 requirements definition.

UE frequency error
In Table 1 we present theoretical limits of maximum estimated frequency offset for each RS in DL. SSB based estimation are not considered since SSB has enough good capability. Relative TRS separation is always 4 symbols. For DMRS, depending on number of additional DMRS symbols from 3 to 8 symbols separation can be configured for 14 symbols slot length. According to Section 7.4.1.2 in TS 38.211, the number of PT-RS symbols per slot is determined by PTRS density in time, which allows to configure PTRS in every symbol, in every second or in every fourth symbols.
[bookmark: _Ref61638104]Table 1. DL RS estimation capability with 120 kHz SCS
	RS
	Estimation capability

	
	

	TRS
	14000 Hz

	PDSCH with 3 add. DMRS
	18666 Hz

	PDSCH with 2 add. DMRS
	14000 Hz

	PDSCH with 1 add. DMRS
	7000 Hz

	PTRS with LPTRS = 1
	56000 Hz

	PTRS with LPTRS = 2
	28000 Hz

	PTRS with LPTRS = 4
	14000 Hz
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In Tables 2-3 we present max DL frequency error for different UE speeds on 30 GHz carrier frequency in case when frequency error is limited by Doppler frequency (Unidirectional deployment) and by double Doppler frequency (Bidirectional deployment). Additional 0.1 PPM UE frequency error is considered to Doppler frequency. More details on obtained values can be found in [3]
Table 2. DL frequency error for unidirectional deployment with UE frequency estimation error 0.1 PPM vs UE speed
	Speed, km/h
	150
	200
	250
	300
	350
	400
	450
	500

	DL Frequency Error 
	7167
	8556
	9944
	11333
	12722
	14111
	15500
	16889



Table 3. DL frequency error for bidirectional deployment for different deployment configurations with UE frequency estimation error 0.1 PPM vs UE speed
	Speed, km/h
	150 km/h
	200 km/h
	250 km/h
	300 km/h
	350 km/h

	DL Frequency Error Option A:
	11330 Hz
	14107 Hz
	16883 Hz
	19660 Hz
	21437 Hz

	DL Frequency Error Option B: 
	10660 Hz
	13213 Hz
	15766 Hz
	18319 Hz
	20872 Hz


Comparing UE capability and max DL frequency error we can make the following observation:
Observation #2: Even with 0.1 PPM additional UE frequency estimation error on top of Doppler frequency UE is able to estimate total frequency offset.
· Unidirectional deployment: TRS can be considered for DL frequency tracking
· Bidirectional deployment: PTRS allows to properly track frequency offset

We are not considering SSB based estimation since we do not expect any problems with SSB based frequency jump estimation. After SSB based synchronization any of the considered RS can be used to improve estimation accuracy.

Above we considered the worst case as 0.1 PPM UE frequency error. Exact values are up to UE implementation and in general we can assume much smaller values. Since we do not observe any issues even in worst case, we suggest not considering additional UE frequency error during the demodulation tests in any cases as additional margin on requirements or reduction of max Doppler frequency. 
Proposal #4:	Do not consider UE frequency error in demodulation test cases.
In Table 1 we summarize proposed simulation assumptions for HST FR2 DL:
Table 1. HST FR2 Simulation assumptions
	Parameter
	Value

	Maximum Doppler frequency, Hz
	9722

	CBW/SCS
	200 MHz/120 kHz

	Antenna configuration
	2x2

	PDSCH mapping
	Type A, start symbol 1, duration 13

	DMRS configuration
	1+1 or 1+1+1

	PTRS configuration
	KPTRS = 2, LPTRS = 1

	MCS
	16

	TO/FO
	Not configured 

	Test metric
	70% @max throughput


Testability issues
Last meeting the discussion on HST FR2 testability aspects was raised. Current UE demodulation test method is based on RTS methodology with single probe multi-path fading and static propagation conditions modelling. Same time there was proposal to analyse feasibility of continuous UE movement from one RRH to another RRH and several probes in chamber as in some RRM test cases. However, current beamlock assumption that is used in RTS method is not defined for several probes. It means that update of current demodulation test procedure is needed. Same time such work is out of scope of current WI according to WID [4]. Any discussions or analysis should be done after RANP decision and WID update. Another approach is to discuss HST FR2 testability issues in SI for enhanced test methods for FR2.
Proposal #5:	Do not discuss any testability aspects in HST FR2 WI unless it is captured in WID.
Conclusion
In this contribution we provide our view on HST FR2 DL demodulation requirements. In summary, we make the following proposals:
Proposal #1:	Do not pursue agreement on baseline reference signal for DL frequency tracking.
Proposal #2:	Consider one or two additional DMRS symbol for requirements definition (i.e. 1+1 or 1+1+1 configuration)
Proposal #3:	Consider 200 MHz BW for DL HST FR2 requirements definition.
Proposal #4:	Do not consider UE frequency error in demodulation test cases.
Proposal #5:	Do not discuss any testability aspects in HST FR2 WI unless it is captured in WID.
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