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1	Introduction
During the last RAN4 meeting, the remaining issue on the test parameters on PUSCH requirement for Rel-17 FR2 HST were further discussed. The related agreement was captured in the WF [1] as
	· PUSCH requirement 
· Introduce PUSCH requirement with Doppler frequency as 19444Hz targeting 350km/h at 30GHz
· Do not introduce PUSCH requirement with Doppler frequency as 14444Hz targeting 260km/h at 30GHz, if no issue with supporting 350km/h was identified
· PUSCH requirement for Uni/Bi-directional RRH deployment scenarios in scenarios A and B
· Option 1
· Define PUSCH requirement with Uni-directional RRH deployment scenario only in scenario A. If both scenarios are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration
· If both scenarios A and B for bi-directional RRH deployment scenario are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration
· Option 2
· RAN4 to define different sets of requirements for Scenario A and Scenario B
· If it is decided that single HST conditions are not sufficient for HST FR2, then to define both PUSCH demodulation requirements for Uni/Bi-directional RRH deployment scenarios
· Option 3: Define test cases for scenario A only
· Option 4
· Define requirements for both scenario A/B and Uni/Bi-directional deployment, and not define any applicability rule between them. Manufacture declaration can be used and the case will be tested only when BS vendor declares to support it
· RS configuration   
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 2 DMRS +PTRS (L=1, K=2)
· Option 3: 3 DMRS +PTRS (L=1,K=2)
· Option 3a: If companies have strong concern about DMRS 1+1, create an applicability rule that only one DMRS configuration shall be tested by manufacture declaration
· CBW
· Option 1: 100MHz, and 50MHz with test applicable rule 
· Option 2: 200MHz, and 50MHz with test applicable rule
· Option 3: 100MHz only
· Option 4: 200MHz only
· MCS
· Option 1: MCS16
· Option 1a: Additional margin can be considered for performance requirement definition to allow different  implementation if needed
· Option 2: both MCS 16 and MCS 17
· Define requirements with MCS 17 up to BS declaration support
· Option 3: Configure highest MCS that remains below 20dB SNR, i.e., MCS20
· Further discuss how to guarantee 64QAM operation 
· Further discuss how to not preclude any possible BS implementations (with pre and post FFT FOC)
· Length of PUSCH
· Option 1: 9
· Option 2: 10



In this contribution, the view on remaining issue was provided for PUSCH requirement.
2	Discussion
RS configuration  
Based on the agreement in the last meeting, RAN4 agreed to introduce PUSCH requirement with Doppler frequency as 19444Hz targeting 350km/h at 30GHz.  
Generally, the Doppler estimation is based on the correlation operation between adjacent RS. From the RS configuration perspective, PTRS has small distance between adjacent RS compared with DMRS where the maximum frequency offset tracking capacity is larger than DMRS. 
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 frequency 
While for FR2, to enable 350km/h maximum speed, the PTRS should be configured, therefore, the number of DMRS is not the bottleneck of frequency tracking for FR2.  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 train-mounted 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 2-1: 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.
As analyzed, from Doppler estimation accuracy and achieved throughput perspective, the benefit with more than 2 DMRS configuration is limited. Therefore, we prefer to define PUSCH demodulation requirement with only 1 DMRS+PTRS.  
In Rel-15 NR FR2, both 1 DMRS and 2 DMRS configuration were considered for PUSCH requirement. Meanwhile, the test applicability rule was defined to reduce the test effort based on the BS manufacturer declaration, in case that only one RS configuration can be supported by BS vendors. Therefore, it seems that all the interested companies can support at least 1 DMRS or 2 DMRS configuration.
For FR2 HST WI, similar principle can be applied if the consensus of 1 DMRS+ PTRS cannot be achieved by companies.
Proposal 1:  Define PUSCH demodulation requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
Proposal 2: 1 DMRS+PTRS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) configuration can be considered for PUSCH requirement with test applicability rule based on BS manufacturer declaration.
CBW
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 FR2 HST requirement.  As mentioned in the WID, the train-mounted UE is a dedicated CPE for HST scenario in FR2. Therefore, large channel bandwidth, i.e. 200MHz, can be available to increase the uplink capacity.
In Rel-15, requirements with all CBWs has defined, and the related test applicability rule were defined to reduce the test effort. In FR1 HST WI, both 5MHz and 10MHz CBW are considered for 15 kHz SCS, 10MHz and 40MHz CBW are considered for 30 kHz SCS. Therefore, we are fine 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:  50MHz and 200MHz CBW configurations can be considered for FR2 HST PUSCH requirement with test applicability rule. 
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. Generally, we agree that both two kinds of FO method can be possible for BS implementation. While whether to apply pre or post-FFT frequency offset compensation is up to BS implementation. Pre-FFT frequency operation can improve the accuracy of Doppler frequency estimation,  

From my understanding, the manufacture will not design a dedicated product for HST scenario, most likely, it will reuse the existing product for HST deployment scenario. The common UEs around RRH can still access the BS. In that sense, post-FFT frequency offset compensation should be the typical implementation for UL.
We agree that there is demodulation performance degradation. We are not sure whether BS will change the implementation based on the different MCS. So, regarding how to preclude any possible BS implementations, additional margin can be considered for performance requirement definition to allow different implementation to address the potential performance misalignment.
Regarding MCS selection, we prefer to only choose one of them, no need to define two sets of MCS. 
For non-HST scenario, up to 64QAM are considered for PUSCH requirement. For HST scenario, as mentioned by company in the last meeting, considering the roof-mounted CPE is dedicated UE for HST network, the better signal strength can be available. Therefore, it may have some benefit with high modulation.  On the other hand, for high MCS, the achievable SNR is high, it may be higher than 20 dB. We are open to further discuss whether high modulation requirement will be considered, such as MCS 17, if no OTA testability issue is identified. 
In the section3, the initial simulation result with different MCS level are provided. 
Proposal 4:  Define one set of MCS for PUSCH requirement, MCS 16 can be regarded as starting point. If no OTA testability issue, MCS17 can be considered for UL timing adjustment requirement. 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 2 or 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, where accuracy of Doppler estimation can be improved with more PT-RS symbols. Therefore, we are fine with 10 as the length of data symbol for PUSCH requirement with following Rel-15 FR2 assumption, if 1 DMRS +PTRS configuration was agreed.
Proposal 5:  The length of data symbol with 10 can be considered for PUSCH requirements.
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3	Initial Simulation Results
In this subsection, the initial simulation results for scenario A and scenario B under bi-directional and Uni-directional are provided.  Also, the performance with different MCS level are investigated to check the impact on high modulation order due to the Doppler frequency.

Table 3-1 Simulation Assumption for PUSCH requirement
	Parameter
	Value

	Transform precoding
	Disabled

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

	Antenna layout
	1T2R, ULA Low Correlation

	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
	1+0, 1+1, 1+1+1

	
	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

	
	Bandwidth
	100 MHz

	Code block group based PUSCH transmission
	Disabled

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

	
	Time density (LPT-RS)
	LPT-RS = 1

	MCS
	MCS16, MCS17 or MCS 20 (64 QAM table)

	Propagation channel
	Uni-directional: Derived based on agreed deployment scenario.
Bi-directional: Single-Tap channel in TS38.104 but updated parameters





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


Figure 3-2 PUSCH requiremnt with bidirectional and Uni-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.
Regarding the impact on higher MCS due to Doppler frequency, the initial results with MCS 16, MCS 17 are considered for both 1 and 1+1 DMRS configuration as following
Table 3-2:  Initial results for different MCS level for scenario A with Bi-directional deployment scenario (Ds=700m, Dmin=10m) 
	Test Case
	Tx/Rx
	SCS&BW
	Mapping type 
	Symbol length
	MCS
(64QAM)
	DMRS configuration
	SNR@70 of TP

	Case 1
	1T2R
	120KHz,
100MHz
	B
	9
	16
	1+0
	15.0

	Case2
	1T2R
	120KHz,
100MHz
	B
	9
	16
	1+1 (0,6)
	14.6

	Case3
	1T2R
	120KHz,
100MHz
	B
	9
	17
	1+0
	19.7

	Case4
	1T2R
	120KHz,
100MHz
	B
	9
	17
	1+1 (0,6)
	18.7



Table 3-3:  Initial results for different MCS level for scenario B with Bi-directional deployment scenario (Ds=700m, Dmin=150m)
	Test Case
	Tx/Rx
	SCS&BW
	Mapping type 
	Symbol length
	MCS
(64QAM)
	DMRS configuration
	SNR@70 of TP

	Case 1
	1T2R
	120KHz,
100MHz
	B
	9
	16
	1+0
	9.7

	Case2
	1T2R
	120KHz,
100MHz
	B
	9
	16
	1+1 (0,6)
	9.5

	Case3
	1T2R
	120KHz,
100MHz
	B
	9
	17
	1+0
	10.8

	Case4
	1T2R
	120KHz,
100MHz
	B
	9
	17
	1+1 (0,6)
	10.6



Observation 6:  Similar performance can be achieved compared with 1 and 1+1 DMRS configurations, in terms of targeting SNR with 70% throughput 
Observation 7:  Compared with scenario A, better performance can be achieved in terms of targeting SNR with 70% throughput.
Observation 8: Performance degradation with MCS17 can be observed, the achieved SNR is around 20dB for scenario A.
4	Conclusion
In this contribution, the view on the PUSCH requirement for Rel-17 FR2 HST is provided. Meanwhile, the initial simulation results with different MCS level are provided to check the feasibility of high modulation order in HST scenario.
Observation 1:  The overhead of 1 DMRS +PT-RS (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.
Observation 6:  Similar performance can be achieved compared with 1 and 1+1 DMRS configurations, in terms of targeting SNR with 70% throughput 
Observation 7:  Compared with scenario A, better performance can be achieved in terms of targeting SNR with 70% throughput.
Observation 8: Performance degradation with MCS17 can be observed, the achieved SNR is around 20dB for scenario A.
Proposal 1:  Define PUSCH demodulation requirement with only 1 DMRS + PT-RS (L=1, K=2) configuration
Proposal 2: 1 DMRS+PT-RS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) configuration can be considered for PUSCH requirement with test applicability rule based on BS manufacturer declaration.
Proposal 3:  50MHz and 200MHz CBW configurations can be considered for FR2 HST PUSCH requirement with test applicability rule. 
Proposal 4:  Define one set of MCS for PUSCH requirement, MCS 16 can be regarded as starting point. If no OTA testability issue, MCS17 can be considered for UL timing adjustment requirement. Additional margin can be considered for performance requirement definition to allow different implementation if needed.
Proposal 5:  The length of data symbol with 10 can be considered for PUSCH requirements.
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