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Introduction
In RAN4 #99-e meeting WF on HST FR2 demodulation requirements was agreed[1]. In this paper we provide our view on UL performance requirements definition. In our companion paper we also address DL demodulation performance requirements [2].
Discussion
PUSCH Test setup
MCS
There are different views among companies regarding MCS configuration:
	· MCS
· Option 1: MCS 16
· 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)


For OFDM modulation, Frequency Offset (FO) leads to a rotation for all subcarriers in the signal spectrum and to the orthogonality loss over subcarriers due to FO induced Inter Carrier Interference (ICI). Post FFT FO Compensation (FOC) can remove rotation but not ICI. On the other hand, pre FFT FOC avoid both effects and hence provides better demodulation performance. 
It was proposed to consider MCS 17 for PUSCH performance verification because 64QAM is more sensitive to ICI. In this case it is easier to differentiate post FFT and pre FFT implementations. It is rather important because based on our analysis [3] post FFT processing cannot guarantee reliable PUSCH performance at 350 km/h UE speed in HST FR2 scenarios. With MCS 19 we cannot reach even 70% of the max throughput.
For PUSCH performance requirements definition MCS 16 and 17 were proposed for further discussion. In Table 1 we provide link-level evaluations for these MCSs in HST FR2 unidirectional deployment A with 19444 Hz max Doppler frequency. Both BS implementations were considered. The results presented as a required SNR to achieve 70 % of the max throughput. The last row of the table provides performance loss in dB for post FFT processing compared to the pre FFT. Different DMRS configurations were considered for evaluation. 


Table 1. PUSCH performance at 70% @max throughput in Unidirectional HST FR2 scenario
	
	1 DMRS
	1+1 DMRS
	1+1+1 DMRS

	
	MCS 16
	MCS 17
	MCS 16
	MCS 17
	MCS 16
	MCS 17

	pre FFT
	10.4
	10.8
	8.8
	10.6
	8.8
	9.9

	post FFT
	18.7
	30.3
	17.3
	20.4
	16.9
	19.3

	difference, dB
	8.3
	19.5
	8.5
	9.8
	8.1
	9.4



Below we discussed two options on MCS definition based on the obtained results.
Option 1: Only MCS 16 but with additional implementation margin to cover both implementations:
As we see, even for MCS 16 there is a huge performance difference (about 8 dB) between different methods of frequency offset compensation. In this case definition of additional performance margin as 8 dB is unreasonable because it will easily mask bad UE implementations. 
Observation #1: Additional implementation margin should be too big to not preclude both pre and post FFT frequency offset compensation algorithms. 
Option 2: MCS 16, and MCS 17 with BS declaration support
Option 2 suggest definition of two different MCS values to differentiate different BS implementations. However, huge performance difference exists even for MCS 16. In this case it might be difficult to align simulation results among companies in case that different BS implementations are assumed. 
Observation #2: Huge performance difference does not allow to define requirement that can cover both possible frequency offset compensation algorithms. 
Moreover, as we discussed above, 64QAM operation cannot be guaranteed with post FFT compensation at all. From certain MCS value it is impossible to achieve 70% of the max achievable throughput with such compensation strategy. In Figure 1 we present link-level evaluation results for MCS 19 with pre and post FFT frequency offset compensations in the same HST FR2 scenario. It can be observed that we cannot provide reliable performance for MCS 19 with post FFT compensation strategy and hence guarantee 64QAM operation.
Observation #3: 64QAM operation in HST FR2 scenario from certain MCS cannot be guaranteed in UL with post FFT frequency offset compensation.
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	Figure 1. PUSCH demodulation performance with MCS 19


Based on the obtained results we do not think that post FFT implementation should be considered for HST FR2 BS because it leads to high performance degradation or even cannot guarantee operation for high MCS values at all. Considering CPE as serving UE, there are no limitations to apply pre-FFT compensation in HST FR2 deployments. HST FR2 is a dedicated deployment without normal UEs especially in the area when train moves at 350 km/h. Therefore, there will be no frequency multiplexing of different UEs, and BS can adjust its local oscillator according to the serving CPE.
Observation #4: Pre FFT FOC is a reasonable BS implementation in HST FR2 deployments. 
To be straightforward and avoid any problems during the simulation results collection campaign we suggest agreeing that only pre-FFT frequency offset estimation method is considered for HST FR2 PUSCH requirements definition. Based on our review of initial results from other companies, this assumption is fully aligned with the provided performance. 
Proposal #1:	Consider only pre-FFT frequency offset compensation method for HST FR2 PUSCH requirements definition.
As for MCS value, we suggest considering 64QAM for requirements definition. Single CPE device will provide backhaul connection for many UEs inside the train, hence high modulation order is more practical assumption. Based on our results operation point at 70% of the max achievable throughput for MCS 17 is about 10 dB. Therefore, there is enough margin for OTA test methodology. We can select even higher MCS than 17 to address concern on low spectral efficiency of MCS 17 raised on the previous meeting.  
Proposal #2:	Define HST FR2 PUSCH performance requirements with 64QAM – MCS 17 or higher.

RS configuration
For PUSCH test cases it was agreed to configure PTRS with every second PRB and every OFDM symbol transmission. Same time companies have different views on PUSCH DMRS configuration:
	· 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


HST FR1 PUSCH requirements were defined under HST single tap and multi-path fading propagation conditions. Two additional DMRS symbols are configured for both channel models. Such DMRS configuration allows to estimate Doppler frequency more accurately in single tap channel conditions. 
For HST FR2 requirements it was agreed to configure PTRS during the test, in addition to DMRS. PTRS based frequency offset tracking allows to support 350km/h in UL direction due to higher frequency estimation range compared to DMRS based solution. On the other hand, accuracy of PTRS based estimation is worse compared to DMRS since it has sparser structure in frequency domain.   
Based on the obtained link-level results (summarized in Table 1), for pre FFT frequency offset compensation two additional DMRS symbols provides performance gains compared to one additional symbol and especially to only front-loaded DMRS configuration. Besides that, some implementations may assume PTRS + further DMRS based frequency offset estimation to precisely estimate Doppler frequency in HST conditions. In this case configuration with higher number of DMRS symbols guarantees more accurate estimation.
Proposal #3:	Configure 2 additional DMRS symbols in HST FR2 PUSCH performance test cases.
CBW
There are several options on CBW configuration for HST FR2 test cases:
	· SCS and BW
· 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


Considering limited number of CPEs per train it is reasonable to assume that higher CBW will be used in practice to provide sufficient QoS. In this case 200 MHz CBW should be considered. However, to have sufficient test coverage and not preclude smaller CBWs we suggest defining requirements also with 50MHz CBW. To reduce test efforts applicability rule from normal PUSCH requirements that only one CBW is tested can be reused. 
Proposal #4:	Consider 200 MHz and 50 MHz CBWs for UL HST FR2 requirements definition with test applicability rule that only one of them is tested.

Length of data symbols
There are two options on PUSCH allocation length:
	· Length of data symbol
· Option 1: 9
· Option 2: 10


Existing Normal FR2 requirements were defined under assumption of 10 allocated symbols. However, PUSCH configuration with 9 symbols has higher DMRS density and hence we can expect better frequency offset and channel estimation quality. Figure 1 shows PUSCH data and DMRS symbols positions for both configurations for 1+1 and 1+1+1 DMRS. 
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	Figure 2. Proposed PUSCH and DMRS configurations


In Figure 3 we presented PUSCH link-level results in terms of the provided throughput for the proposed configurations. Unidirectional deployment scenario A with 19444 Hz max Doppler frequency was considered. Pre FFT FOC was assumed.
	[image: ]

	Figure 3. PUSCH demodulation performance with MCS 17


As we see, PUSCH allocation with 10 symbols allows to achieve higher throughput and there is no issue with sparser DMRS configuration. In this case we propose considering 10 OFDM symbols for PUSCH length.
Proposal #5:	Consider PUSCH allocation length as 10 symbols for HST FR2 requirements definition.

Deployment scenarios
Bidirectional deployment, according to our link budget analysis [4][5] this deployment does not provide any benefits compared to unidirectional deployment. Therefore, we do not see that it will be used in practice at all. In this case we do not suggest requirements definition for bidirectional deployment in case there will be no operator requests.
Proposal #6:	Do not define PUSCH requirements for Bidirectional deployment scenarios.
In Figure 4 we present performance comparison for unidirectional scenario A and Scenario B. Proposed configuration as 200 MHz CBW, 10 PUSCH symbols, 2 additional DMRS symbols and MCS 17 were used. Pre FFT FOC was assumed.
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	Figure 4. PUSCH demodulation performance in Unidirectional deployment scenarios A and B


Observation #5: No difference from PUSCH demodulation performance perspective for deployment scenario A and B
Based on the obtained results it is not needed to define demodulation performance requirements for both deployments. Rx beam configuration can be different in these scenarios, but it is not considered in demodulation test cases.
Proposal #7:	Define PUSCH requirements only for one Unidirectional deployment: A or B.
PRACH Test setup
Timing offset configuration 
Normal FR2 PRACH requirements use 0.8us time offset value to verify gNB functionality of correct propagation delay estimation. However, 0.8us corresponds to only 240m cell size which is far enough from the discussed deployment scenarios. In this case it was proposed to update the timing offset (TO) configuration for HST FR2 requirements to address expected cell sizes: 
	· Timing offset configuration
· Option 1: Reuse Rel-15 FR2 timing offset configuration for PRACH, i.e., 0.8us
· Option 2: Update the timing offset configuration based on the largest expected cell radius, i.e., derived from scenario B
· Note 
· Scenario A (Ds=700m, Dmin=10m), cell radius = 700m
· Scenario B (Ds=700m, Dmin=150m), cell radius = 716m


In Figure 5 we presented PRACH link-level performance evaluations in terms of miss detection rate for the two proposed TO values: 0.8us and 2.38us. Other simulation parameters are presented in Table 2. 
Table 2. PRACH simulation assumptions
	Parameter
	Values

	SCS
	120 kHz

	Antenna configuration
	1x2

	Preamble format
	C2

	PRACH configuration: (Ncs, logical sequence index, v)
	0, 0, 0

	Propagation conditions
	AWGN + 19444Hz Frequency offset

	Time offset 
	Option 1: 0.8us – 240m ISD
Option 2: 2.3867us – 716m ISD

	Allowed time offset estimation error
	0.07us
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	Figure 5. PRACH demodulation performance


Observation #6: Performance difference between scenario with 0.8us TO and 2.38us TO is about 0.1 dB at 1% of miss detection rate. 
Both options can be used for PRACH performance verification and there is no problem to handle 2.38us TO with proper BS implementation. 
HST FR1 requirements also assume 700m ISD but TO values was reused from normal PRACH requirements. To be consistent with them we suggest defining HST FR2 requirements also with 0.8us TO. Same time we do not see any problems to use higher values.
Proposal #8:	Define HST FR2 PRACH requirements with 0.8us TO.
Conclusion
In this contribution we provide our view on HST FR2 UL demodulation requirements. In summary, we make the following proposals:
Proposal #1:	Consider only pre-FFT frequency offset compensation method for HST FR2 PUSCH requirements definition.
Proposal #2:	Define HST FR2 PUSCH performance requirements with 64QAM – MCS 17 or higher.
Proposal #3:	Configure 2 additional DMRS symbols in HST FR2 PUSCH performance test cases.
Proposal #4:	Consider 200 MHz and 50 MHz CBWs for UL HST FR2 requirements definition with test applicability rule that only one of them is tested.
Proposal #5:	Consider PUSCH allocation length as 10 symbols for HST FR2 requirements definition.
Proposal #6:	Do not define PUSCH requirements for Bidirectional deployment scenarios.
Proposal #7:	Define PUSCH requirements only for one Unidirectional deployment: A or B.
Proposal #8:	Define HST FR2 PRACH requirements with 0.8us TO.
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