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In the last RAN4 meeting, the general scope for demodulation requirement for Rel-17 FR2 HST WI was discussed and the related agreement was captured in WF [1]. For BS side, the agreement was following:
	· Maximum Speed
· Maximum Speed feasibility study and requested RS configuration for Uplink
· It is feasible to support maximum speed with 350km for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120KHz SCS
· Configure PTRS during the PUSCH demodulation test 
· DMRS+PTRS configuration for PUSCH demodulation requirement with single-tap channel model 
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 1+1 DMRS +PTRS (L=1,K=2) 
· Option 3: 1+1+1 DMRS+PTRS(L=1, K=2) 
· Maximum Doppler Calculation
· Carrier frequency for Doppler frequency calculation
· 30GHz
· BS demodulation  requirements
· Test scope of UL requirements
· Only define the following BS demodulation performance requirements in Rel-17 FR HST WI
· PUSCH
· UL timing adjustment
· PRACH
· Test Setup for PUSCH requirements
· Waveform
· Only CP-OFDM 
· SCS&BW
· Option 1: 120KHz SCS with 50MHz, 100MHz or 200MHz
· Option 2: 120KHz SCS with 100MHz
· Option 3: 120KHz SCS with 200MHz
· Antenna Configuration
· 1Tx2Rx Low
· Resource mapping type: type B
· Length of data symbol
· Option 1: 9
· Option 2: 10
· MCS
· Option 1: MCS16
· Option 2: MCS16 and MCS17
· Other options are not precluded
· Test Scope of  UL timing adjustment requirement
· Test Scenario 
· Scenario Y
· Simulation Assumption for scenario Y
· Option 1

	Parameter
	Value 

	Channel model 
	Stationary UE, AWGN, Moving UE: AWGN

	UE speed
	350km/h

	CP length
	Normal

	A
	1.25us

	
	1.04s-1

	MCS
	16

	CBW
	200MHz

	PUSCH resource allocation 
	0 to 65 RB for moving UE, 66 to 131 for stationary UE

	SRS resource allocation
	Last symbol in slot#3 in radio frames, C_SRS=33, B_SRS =0 for 132RB



· Other options are not precluded
· Test setup for PRACH
· PRACH format
· only C2 
· Channel
· AWGN
· Frequency offset 
· Option 1: align the Doppler value with PUSCH
· Option 2: 9722Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Option 1: Ncs=0
· Option 2: Ncs=69
· Other options are not precluded



In this contribution, we further discuss remaining issue of test setup for BS demodulation.
2	Discussion
2.1 Requirement of PUSCH with HST single tap
Channel model 
The single tap scenario can be regarded to a general HST deployment, the purpose is to verify the receiver proper frequency tracking in high mobility conditions.
For UL,   only single tap is available for each RRH, since there is no multiple RRH combination assumption. Based on the deployment scenario discussion in the last meeting, it was agreed that the single tap propagation model can be assumed for each single Tx-Rx link for both scenario A and scenario B. From beam coverage analysis perspective, both bi-directional scenario and uni-directional scenario are feasible. The Doppler shift trajectory will be slightly different for these two scenarios. The details of channel model for performance requirements can be referred in our contribution [2].
RS configuration  
Based on the maximum speed feasibility study in the last meeting, it is feasible to support maximum speed with 350km/h for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120 kHz SCS. Regarding the number of DMRS, there is no consensus achieve.
In FR1, considering there is no PTRS configuration, only DMRS can be used for frequency offset tracking. Therefore, to support high velocity, such as 350km/h, 500km/h, more number of DMRS should be configured to overcome the impact of Doppler
As for FR2, to enable 350km/h maximum speed, the PTRS should be configured, where the maximum frequency offset tracking capacity is larger than DMRS. Therefore, the number of DMRS is not the bottleneck of frequency tracking for FR2. 
Generally, the Doppler estimation is based on the correlation operation between adjacent RS.  Based on PTRS method, the number of available correlation group for 1DMRS+PTRS is more, which can improve the estimation accuracy with average operation. 
Based on the agreement, only single tap channel is considered for FR2 HST WI. Different with fading channel, there is no necessary to configure more DMRS to overcome the fading impact.
Meanwhile, beside on the Doppler impact for HST in FR2, the phase noise impact should be considered. With configured more PTRS symbols can be beneficial for phase noise estimation, since the phase noise impact can change per symbol depending on the nonlinearity of PA in the real product.
Again, as mentioned in the WID, the roof UE is a decided CPE for HST scenario in FR2. As agreed, RAN4 requirement can be defined based on the baseline of 1 CPE device per train. In that sense, less UE can be served by RRH, where it is not an interference limited scenario or resource limited scenario, different for FR1, more UE can access the network for uplink. Therefore, more resources can be allocated for uplink to improve the uplink throughput in FR2.  With more DMRS symbols, the overhead of RS is higher than 1 DMRS+PTRS. The following is overhead analysis based on different RS configurations.
Table 1: Overhead of RS with different RS configurations
	RS configuration
	Position of DMRS
	Overhead of DMRS
(assuming the length of data is 9, number of CDM group=2, mapping type B, BW=100MHz)
	Overhead of PTRS
(assuming the length of data is 9, number of CDM group=2, mapping type B, BW=100MHz)
	Total

	1 DMRS +PTRS (L=1,K=2)
	{0}
	792/7128
	264/7128
	1056/7128

	2DMRS + PTRS 
(L=1, K=2)
	{0,6}
	1584/7128
	231/7128
	1815/7128

	3DMRS+ PTRS 
(L=1, K=2)
	{0,3,6}
	2376/7128
	198/7128
	2574/7128



Observation 1:  The overhead of 1DMRS +PTRS (L=1, K=2) configuration is the smallest compared with other RS configuration schemes.
Also, based on simulation results as indicated section 3, with configured 1 DMRS+PTRS, the better throughput can be achieved.
Proposal 1:  Define PUSCH demodulation requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
Maximum Doppler frequency 
Based on the maximum speed analysis, it is feasible to support 350km/h maximum UE speed for uplink with PTRS configured. Therefore, it is feasible to define PUSCH requirement based on UE velocity of 350km/h. Based on the agreed carrier frequency for Doppler calculation, the related Doppler frequency for Uplink is 19444Hz.
In the previous meeting, two candidate maximum support speeds are considered for evaluation based on different RS configurations as 
	- Candidate maximum speed values to be evaluated 
· 260km/h
· 350km/h
· Other options if identified



In FR1 HST WI, RAN4 defined PUSCH requirement with both 350km/h and 500km/h UE speed. For LTE Rel-16 HST WI, two sets of Doppler value requirements are specified based on BS declaration. 
From BS receiver processing perspective, whether to apply PTRS, joint DMRS+PTRS, or DMRS only for Doppler estimation depends on implementation. Based on DMRS method, as analyzed, it is feasible to support 260km/h UE speed, then the related Doppler frequency for Uplink is 14444Hz. 
Proposal 2:  For 120 KHz SCS, it is feasible to define PUSCH requirement with Doppler frequency as 19444Hz. FFS to define low Doppler frequency 14444Hz requirement based on target 260km/h.

SCS&BW
Regarding the BW, 50MHz, 100MHz and 200MHz are available for FR2.  From BS receiver processing perspective, there is no difference foreseen for different CBWs.  The test purpose is to verify the Doppler tracking processing, thus, we prefer to select the typical CBWs for requirement, 100MHz can be considered. In Rel-15, requirements with all CBWs has defined, and the related test applicability rule were defined to reduce the test effort. We are open to further discuss whether to define PUSCH requirement with additional CBWs as 50MHz to guarantee  the requirement can be tested, in case only 50MHz CBW can be supported based on BS declaration.
 Proposal 3:  Define PUSCH requirement with 120 KHz SCS and 100 MHz CBW, FFS with 50MHz CBW

MCS
Regarding MCS, in FR1 HST, MCS 16 is specified for PUSCH requirement. We can use it as a starting point. As company’s contribution mentioned, UL demodulation performance degradation due to post-FFT frequency offset compensation, defined two sets of requirements is suggested to distinguish different implementation. While whether to apply pre or post-FFT frequency offset compensation, it is up to BS implementation. Therefore, we prefer to only define one set of MCS for PUSCH requirement.  If needed, additional margin can be considered for performance requirement definition in case that the alignment results between companies are quite complicated. 
Proposal 4:  Define one set of MCS for PUSCH requirement, MCS 16 can be regarded as starting point. Additional margin can be considered for performance requirement definition to allow different implementation if needed

Length of data symbol
Regarding the length of data symbol, in Rel-15 FR2, the symbol length with 10 for PUSCH requirement is specified. In case of 3 DMRS configuration is considered, the gap between adjacent RS is 3 symbols, which is smaller than the gap with symbol length as 9. Since our preference RS configuration is 1 DMRS+PTRS, we are open to down selection of them. In our side, we slightly prefer to use 9 as the length of data symbol.
Proposal 5:  Define PUSCH requirement with length of data symbol as 9

Others
For other test parameters, we prefer to reuse the parameters defined in Rel-15 for FR2.
In summary, as for test setup for PUSCH requirement, we prefer to use the simulation assumption as
Proposal 6:  The following simulation assumption for PUSCH requirement with HST single tap setup can be considered as 
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	pos0
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	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	9 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1

	NOTE 1:	The same requirements are applicable to TDD with different UL-DL patterns



2.2 Requirement of UL timing adjustment
For FR2 HST scenario, UE is switching serving beam, source and target beams have very different propagation delays, and the change in timing may exceed a cyclic prefix. 
Therefore, it is necessary to verify the BS receiver processing about UL timing adjustment. In the last meeting, it was agreed to define the requirement with scenario Y only.As for practical parameters, such as A, delta, subframes in which PUSCH is transmitted, PUSCH resource allocation and SRS allocation schemes, should be further investigated.
RS configuration 
The motivation of UL timing adjustment is to investigate the impact of timing offset on PUSCH performance. Although the high speed velocity is considered in the test scenario, the Doppler shift is not taken into account. Meanwhile, the timing offset estimation and compensated are perform per symbol by symbol. In that sense, there is no necessary to configure the 1+1+1 DMRS structure. Also, the overhead with 2/3 DMRS configuration is larger than with 1 DMRS configuration. Therefore, 1 DMRS structure should be enough to verify the performance of UL timing adjustment.
Proposal 7:  Define UL timing adjustment requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
MCS 
As in FR1 HST, MCS16 is considered for requirement, we can use it as starting point.
Proposal 8:  Define UL timing adjustment requirement with MCS 16 as starting point
Waveform
As in FR1 HST, only CP-OFDM requirement is considered.  The main use case of DFT-s-OFDM is targeting for cell-edge UE.  Therefore, there is no need to define UL timing adjustment with DFT-s-OFDM waveform.
Proposal 9:  Define UL timing adjustment requirement with CP-OFDM waveform
SCS&BW
Similar with PUSCH under HST requirement, we prefer to define the typical BW for each SCS as 120 KHz, 100 MHz which will be operated in real deployment. 
Proposal 10:  Define UL timing adjustment requirement with 120 KHz SCS and 100 MHz CBW, FFS with 50MHz CBW

PUSCH resource allocation 
For UL timing adjustment, 2 UE UL signals are defined in the test configuration. The receiver power and number of PRBs for the first UE is same as for the second UE. So, the half number of PRBs is allocated for each UE with the whole bandwidth.
Proposal 11:  Define UL timing adjustment requirement with the following RB allocation two UEs as
Moving UE: 0~32 for 100MHz CBW, FFS 0~15 for 50MHz
Stationary UE: 33-65 for 100 MHz CBW, FFS 16~32 for 50 MHz 
SRS resource allocation 
Generally, PUSCH resource blocks should be included in SRS resource blocks. In FR1 HST, with 15KHz SCS 5MHz and 10MHz CBWs, 20RBs and 40RBs for SRS are allocated, respectively. With 30 KHz SCS 10MHz and 40MHz CBWs, 40RBs and 80RBs for SRS are allocated, respectively.  Similarly, with 120 KHz 50 MHz and 100 MHz, 20RBs and 40RBs for SRS can be allocated.
Base on the RAN1 spec, the length of SRS sequence is given by


Where  is selected with  and CSRS in Table 6.4.1.4.3-1 in spec 38.211.
Since there is no frequency hopping for PUSCH, it is straightforward SRS frequency hopping should be disable. Then, the value of  should be 0. 
Based on the this mapping table, the related SRS-bandwidth configuration can be selected as
The SRS bandwidth configuration is proposed as 
C_SRS = 5, B_SRS =0, for 20RB
C_SRS = 11, B_SRS =0, for 40RB
SRS slot configuration 
For FR2, only TDD is available. Based on TDD pattern as 3D1S1U, the last symbol of slot# can be used for SRS transmission.
Transmission comb
For transmission comb, NR in Rel-15 can support with 2 o 4, and up to 8 in Rel-17. The maximum number of cyclic shift is 8 for transmission comb 2, and cyclic shift is 12 for transmission comb 4. For simplicity, to align with FR1 HST, we prefer to use transmission comb 2.
SRS periodic 


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


To align with FR1 HST, 10ms periodicity is preferred. 
SRS frequency domain starting position
To align with PUSCH, it is agreed that the frequency domain starting position of SRS is k0=0.
Proposal 12:  SRS bandwidth configuration is proposed as
C_SRS = 11, B_SRS =0, for 40RB with 120 KHz SCS and 100 MHz
FFS C_SRS = 11, B_SRS =0, for 80RB with 120 KHz SCS and 50 MHz
Transmission comb: KTC=2
Transmission periodicity: TSRS=10
Slots in which sounding RS is transmitted: The last symbol in slot#3 in radio frames

Moving propagation conditions
In NR, for a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: ].  As indicated in 38.213 spec
	In other cases, a timing advance command [11, TS 38.321], [image: ], for a TAG indicates adjustment of a current [image: ] value, [image: ], to the new [image: ] value, [image: ], by index values of [image: ] = 0, 1, 2,..., 63, where for a SCS of [image: ] kHz, [image: ].



So, in our view, the related timing different between moving UE and stationary UE should be scaled with related SCS. As agreed, only 120KHz SCS will be considered for requirement. Therefore, the timing difference is 
120 kHz:   Δτ - (TA 31)16*8Tc
Proposal 13:  The timing difference between moving UE and stationary UE should be scaled with 
120 KHz SCS:   Δτ - (TA 31)16*8Tc

2.3 Requirement of PRACH
In the last meeting, it was agreed to define PRACH requirement only with short sequence format C2 for FR2 HST WI. 
Given that only considering 120 KHz SCS as baseline assumption, theoretically, PRACH short sequence with 120 KHz SCS can cover half of subcarrier spacing, i.e, 60 KHz. Therefore, there is no limitation for PRACH to support larger Doppler value as 19.4 KHz with 360km/h. 
For FR1 HST WI, RAN4 has specified shorts format A2, B4 and C2 requirement with frequency offset as 3334Hz in 30 KHz SCS, where the value of frequency offset 3334Hz is aligned with assumption for PUSCH. Therefore, regarding the frequency offset setting for PRACH requirement, we prefer to align the maximum Doppler value assumption for PUSCH. For other test parameters of PRACH, we can reuse the same assumption of Rel-15 FR2 for short sequence format.
Proposal 14:  Set frequency offset as 19444Hz for PRACH format requirement to align the Doppler shift assumption of PUSCH
Proposal 15: Reuse the following test parameters for PRAH format requirement 
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN

	C2
	120
	0.26us



	PRACH preamble 
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	120
	69
	0
	0

	
	
	
	
	



3	Simulation results
In this section, the initial simulation results for scenario A and scenario B under bi-directional and ui-directional scenarios are provided.


Figure 3-1 PUSCH requiremnt with bidirectional and un-directional scenario, 350km/h@28GHz for sceanrio A


Figure 3-2 PUSCH requiremnt with bidirectional and un-directional scenario, 350km/h@28GHz for sceanrio B


Observation 2: Similar performance can be achieved for both bi-directional and un-directional deployment scenario in scenario A
Observation 3: Similar performance can be achieved for un-directional scenario in scenario A and B
Observation 4: Better performance can be achieved for bi-directional scenario in scenario B
Observation 5:  With 1 DMRS+PTRS (L=1, K=2) configuration, better performance can be achieved in terms of maximum throughput compared with other RS configurations.
4	Conclusion
In this contribution, the view of BS performance requirements for FR2 HST is provided
Observation 1:  The overhead of 1DMRS +PTRS (L=1, K=2) configuration is the smallest compared with other RS configuration schemes.
Observation 2: Similar performance can be achieved for both bi-directional and un-directional deployment scenario in scenario A
Observation 3: Similar performance can be achieved for un-directional scenario in scenario A and B
Observation 4: Better performance can be achieved for bi-directional scenario in scenario B
Observation 5:  With 1 DMRS+PTRS (L=1, K=2) configuration, better performance can be achieved in terms of maximum throughput compared with other RS configurations.
Proposal 1:  Define PUSCH demodulation requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
Proposal 2:  For 120 KHz SCS, it is feasible to define PUSCH requirement with Doppler frequency as 19444Hz. FFS to define low Doppler frequency 14444Hz requirement based on target 260km/h.
Proposal 3:  Define PUSCH requirement with 120 KHz SCS and 100 MHz CBW, FFS with 50MHz CBW
Proposal 4:  Define one set of MCS for PUSCH requirement, MCS 16 can be regarded as starting point. Additional margin can be considered for performance requirement definition to allow different implementation if needed
Proposal 5:  Define PUSCH requirement with length of data symbol as 9
Proposal 6:  The following simulation assumption for PUSCH requirement with HST single tap setup can be considered as 
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	pos0

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	9 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1

	NOTE 1:	The same requirements are applicable to TDD with different UL-DL patterns



Proposal 7:  Define UL timing adjustment requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
Proposal 8:  Define UL timing adjustment requirement with MCS 16 as starting point
Proposal 9:  Define UL timing adjustment requirement with CP-OFDM waveform
Proposal 10:  Define UL timing adjustment requirement with 120 KHz SCS and 100 MHz CBW, FFS with 50MHz CBW
Proposal 11:  Define UL timing adjustment requirement with the following RB allocation two UEs as
Moving UE: 0~32 for 100MHz CBW, FFS 0~15 for 50MHz
Stationary UE: 33-65 for 100 MHz CBW, FFS 16~32 for 50 MHz 
Proposal 12:  SRS bandwidth configuration is proposed as
C_SRS = 11, B_SRS =0, for 40RB with 120 KHz SCS and 100 MHz
FFS C_SRS = 11, B_SRS =0, for 80RB with 120 KHz SCS and 50 MHz
Transmission comb: KTC=2
Transmission periodicity: TSRS=10
Slots in which sounding RS is transmitted: The last symbol in slot#3 in radio frames
Proposal 13:  The timing difference between moving UE and stationary UE should be scaled with 
120 KHz SCS:   Δτ - (TA 31)16*8Tc
Proposal 14:  Set frequency offset as 19444Hz for PRACH format requirement to align the Doppler shift assumption of PUSCH
Proposal 15: Reuse the following test parameters for PRAH format requirement 
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN

	C2
	120
	0.26us



	PRACH preamble 
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	C2
	120
	69
	0
	0
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