[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG4 Meeting # 99-e	R4-2111067
Electronic Meeting, May. 19-27, 2021
Source:	Nokia, Nokia Shanghai Bell
Title:	On HST FR2 BS Demodulation Requirements
Agenda item:	9.8.5.3 BS demodulation requirements [NR_HST_FR2-Perf]
Document for:	Discussion

Introduction
In the previous RNA4#08bis-e meeting the companies expressed their initial views on the HST FR2 demodulation performance requirements and test scope. The email discussion is summaries in [1].
Based on the WF [2], already some agreements were achieved:
	· Test scope of UL requirements
· Only define the following BS demodulation performance requirements in Rel-17 FR HST WI
· PUSCH
· UL timing adjustment
· PRACH

· PUSCH
· Waveform
· Only CP-OFDM
· Antenna Configuration
· 1Tx2Rx Low
· Resource mapping type: type B

· Test setup for UL timing adjustment requirement:
· Test scenario
· Scenario Y

· PRACH
· PRACH format
· Only C2
· Channel
· AWGN



However, there are still several open issues, such as
· Test scope: How to define requirements for scenario A and B, and bi- and uni-directional deployments
· The details of the PDSCH, UL timing adjustment and PRACH requirements.
In this contribution, we will further discuss open issues listed above concerning the BS demodulation performance requirements.


Discussion
Test scope
The following options regarding the scope of HST FR2 BS demodulation performance requirements were listed in the WF [2]:
	· Requirement for scenario A or B
· Option 1: Define PUSCH demodulation requirements based on the worst case scenario 
· Option 2: Define PUSCH demodulation requirements only with one deployment scenario (A or B)
· Option 3: Define PUSCH demodulation requirements for both two scenarios if needed
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B

· Requirement for uni- and bi-directional RRH deployment scenarios
· FFS to define both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios
· FFS to define the test applicability rule if both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment



In our contribution [3] for the previous RAN4#98bis-e meeting we reported a substantial set of link-level simulation results demonstrating the BS demodulation performance. Below, we are summarising the most relevant ones in Tables 1~3 for Scenario A/B and MCS 16/19. The train speed is 350 km/h, RS pattern is PT-RS + 2 DM-RS (1+1), and data symbol length is 9.

[bookmark: _Hlk71576137]Table 1: PUSCH demodulation performance, bi-directional setting, channel model with Doppler sign alternation at RRH site change.
	HST FR2 deployment scenario
	MCS
	SINR (relative TPut 30%), dB
	SINR (relative TPut 70%), dB

	Scenario-A
	16
	-0,65
	6,50

	Scenario-B
	16
	-0,67
	6,34

	Scenario-A
	19
	1,83
	9,05

	Scenario-B
	19
	1,80
	8,82



Table 2: PUSCH demodulation performance, uni-directional setting, single-tap channel model.
	HST FR2 deployment scenario
	MCS
	SINR (relative TPut 30%), dB
	SINR (relative TPut 70%), dB

	Scenario-A
	16
	-0,60
	6,51

	Scenario-B
	16
	-0,67
	6,28

	Scenario-A
	19
	1,88
	9,06

	Scenario-B
	19
	1,78
	8,74



Table 3: PUSCH demodulation performance, bi-directional setting, single-tap channel model with continuous Doppler trajectory.
	HST FR2 deployment scenario
	MCS
	SINR (relative TPut 30%), dB
	SINR (relative TPut 70%), dB

	Scenario-A
	16
	-0,62
	6,50

	Scenario-B
	16
	-0,68
	6,27

	Scenario-A
	19
	1,86
	9,04

	Scenario-B
	19
	1,76
	8,74



The corresponding Doppler trajectories used to produce the simulation results above are shown in Figures 1~3 below.
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Figure 1: Bi-directional setting, channel model with Doppler sign alternation at RRH site change.
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Figure 2: Uni-directional setting, Doppler trajectory.
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Figure 3: Bi-directional setting, single-tap channel model with continuous Doppler trajectory (also used in FR1).

The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in Scenario A and Scenario B is less than 0.3 dB.
Scenario B looks to be slightly less challenging because the same relative TPut levels can be achieved at a bit lower SINR.

At the same time, if we take a look at the FR1 HST requirements in TS 38.104, the PUSCH pefromance requirements are defined for
· Two different train speeds: 350 km/h and 500 km/h
· Two different HST scenarios: Scenario 1 (Open space, similar as HST FR2 scenario B) and Scenario 3 (Tunnel, with Dmin=2m and Ds = 300m)
· For multi-path and single-tap high speed train propagation conditions
· For 15 kHz and 30 kHz SCS
· For QPSK and 16QAM Modulation
· 1, 2, and 8 RX antennas
In HST FR1 PUSCH requirements, the performance difference between Scenario 1 and Scenario 4 in HST propagation conditions are not significant. However, different sets of tests are defined for both scenarios.

RAN4 to define different sets of requirements for Scenario A and Scenario B.

The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in uni- and bi-directional deployments is less than 0.1 dB.
The uni-directional and bi-directional scenarios are fundamentally different from the Doppler trajectory point of view.

RAN4 to consider formulating HST FR2 PUSCH requirements based only one single-tap propagation model with continuous Doppler trajectory, i.e., reuse existing FR1 high speed train conditions with updated parameters.
If it is decided that single HST conditions are not sufficient for HST FR2, then to define both PUSCH demodulation requirements for uni- and bi-directional RRH deployment scenarios.


PUSCH requirements
The following open issues are listed in the WF [2] after the previous meeting:
	· SCS&BW
· Option 1: 120KHz SCS with 50MHz, 100MHz or 200MHz
· Option 2: 120KHz SCS with 100MHz
· Option 3: 120KHz SCS with 200MHz

· Length of data symbol
· Option 1: 9
· Option 2: 10

· MCS
· Option 1: MCS16
· Option 2: MCS16 and MCS17
· Other options are not precluded



50MHz CBW is the minimal supported BW in FR2. However, in practical deployments, a wider frequency allocation is expected to be used in FR2.
From our point of view, formulation of requirements for three different CBWs (50MHz, 100MHz, and 200 MHz) looks to be excessive, and out of 100 MHz and 200 MHz we prefer the second option slightly more.
RAN4 to define HST FR2 BS demodulation requirements with 120KHZ SCS and for 50MHz and 200MHz SCS.

Following Table 6.4.1.1.3-3 in TS 38.211, the density of DM-RS symbols is higher for PUSCH duration in symbols equal to 9 than for duration 10.
In our opinion, while testing the minimal performance requirements it is necessary to verify that there is a possibility to provide necessary reliability of HST communication system. A denser DM-RS pattern is more appropriate for high-Doppler conditions.
RAN4 to define HST FR2 BS demodulation requirements with the PUSCH duration in symbols equal to 9.

NR HST FR1 requirements are defined for QPSK and 16 QAM modulations. However, it is expected that CBSs are wider in FR2. Hence, tests with QPSK might not be needed in HST FR2 Demod. As HST is not scenario that is stiving for the highest possible throughput, we can limit the MCS to 16QAM max.
RAN4 to define HST FR2 BS demodulation requirements only with QAM16, i.e., MCS 16.
As we have shown in [4], it is sufficient to use only one DM-RS symbol with sing-tap propagation model when PT-RS is present. However, we are also aware that, in practice, fast fading will be present even in LoS FR2 propagation conditions. Therefore, it is more reliable to use at least two DM-RS symbols within the slot. Moreover, in HST FR1 requirement, two additional DM-RS symbols are used. Additional DM-RS position = pos 1 for 11-symbol PUSCH allocation length.
RAN4 to formulate PUSCH demodulation requirements at least with one addition DM-RS symbol per slot.
RAN4 to formulate PUSCH demodulation requirements with mapping type B, one additional DM-RS position = pos 1 and l0=0.


UL timing adjustment requirement
The following simulation assumptions were listed in the WF [2] for scenario Y:
	· Simulation Assumption for scenario Y
· Option 1
	Parameter
	Value

	Channel Model
	Stationary UE: AWGN, Moving UE: AWGN

	UE speed
	350 km/h

	CP length
	Normal

	A
	1.25 μs

	Δω
	1.04 s-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,
CSRS = 33, BSRS =0 for 132 RB



· Other options are not precluded



In the current HST FR1 requirements, the configuration is split between Parameters for UL timing adjustment (Table G.4-1 in TS 38.104). For HST FR2, Scenario Y can be modified as shown in Table 4:

Table 4: Parameters for UL timing adjustment
	Parameter
	Scenario Y

	Channel model
	Stationary UE: AWGN 
Moving UE: AWGN

	UE speed
	350 km/h

	CP length
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 s
120 kHz: 1.25 s

	
	15 kHz: 0.13 s-1
30 kHz: 0.26 s-1
120 kHz: 1.04 s-1



Update parameters for UL timing adjustment scenario Y by adding the following HST FR2 relevant records: A - 120 kHz: 1.25 s;  - 120 kHz: 1.04 s-1.

For FR1, test parameters for testing UL timing adjustment is defined in the table 8.2.5-1 of TS 28.104. The Table 5 below demonstrates the UL timing adjustment parameters with adjustments made for HST FR2 requirements.

Table 5: Test parameters for testing UL timing adjustment (with HST FR2 adjustments)
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz and 120 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	Channel bandwidth
	15 kHz SCS: 5MHz, 10 MHz
30 kHz SCS: 10MHz, 40 MHz
120 kHz SCS: 200 MHz

	MCS
	16

	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

	
	DM-RS position (l0)
	FR1: 2
FR2: 0

	
	Additional DM-RS position
	FR1: pos2
[FR2: pos1]

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

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

	
	DM-RS port
	{0}

	Time domain resource assignment
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	
	PUSCH mapping type
	FR1: Both A and B
FR2: B

	
	Allocation length
	FR1: 14 
[FR2: 9]

	Frequency domain resource assignment
	RB assignment
	10MHz CBW: 25 RB for each UE
40MHz CBW: 50 RB for each UE
200MHz CBW: 66 RB for each UE

	
	Starting PRB index
	Moving UE: 0
Stationary UE:
12 for 5MHz, 25 for 10 MHz CBW for SCS 15kHz,
12 for 10MHz, 50 for 40 MHz CBW for SCS 30kHz, and
66 for 120 SCS 120 KHz

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	For FDD: slot #1 in radio frames

For TDD: 
-	last symbol in slot #3  in radio frames for 15KHz and 120KHz
-	last symbol in slot #7  in radio frames for 30KHz

	
	SRS resource allocation
	15 kHz SCS: 
            CSRS = 5,   BSRS =0, for 20 RB
            CSRS = 11, BSRS =0, for 40 RB
30 kHz SCS: 
           CSRS =5, BSRS =0, for 20 RB
           CSRS = 21, BSRS =0, for 80 RB
120 kHz SCS:
           CSRS = 33, BSRS =0 for 132 RB

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



Update Test parameters for testing UL timing adjustment as shown in the Table above.
RAN4 to discuss if 50MHz CBW shall be added in the scope of UL timing adjustment requirements.


PRACH requirements
The following PRACH related open issues can be found in the WF [2]:
	· 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



It was already agreed earlier in the WF [2], in the section on Maximum Doppler calculation:
	· Carrier frequency for Doppler frequency calculation
· 30GHz



Hence, only Option 2 shall be chosen:
RAN4 to define PRACH requirements with maximum Doppler shift corresponding to 30GHz CF at 250 kmph, i.e., 9722Hz.
Ncs equal to 69 is the default value used for preamble format C2 in FR2 (120KHz SCS) PRACH requirements in normal mode.
We don't see any reason to move away from the normal mode preamble sequence choice. In particular, we should not move to preamble sequences that are more robust with respect to frequency offset.
RAN4 to use Ncs=69 in HST FR2 PRACH test preamble configuration.


Conclusion
In this contribution we further clarified our view concerning HST BS demodulation performance requirements in FR2.
We have made the following observations and proposals:
On the test scope
1. The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in Scenario A and Scenario B is less than 0.3 dB.
Scenario B looks to be slightly less challenging because the same relative TPut levels can be achieved at a bit lower SINR.
In HST FR1 PUSCH requirements, the performance difference between Scenario 1 and Scenario 4 in HST propagation conditions are not significant. However, different sets of tests are defined for both scenarios.
1. RAN4 to define different sets of requirements for Scenario A and Scenario B.

The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in uni- and bi-directional deployments is less than 0.1 dB.
The uni-directional and bi-directional scenarios are fundamentally different from the Doppler trajectory point of view.
RAN4 to consider formulating HST FR2 PUSCH requirements based only one single-tap propagation model with continuous Doppler trajectory, i.e., reuse existing FR1 high speed train conditions with updated parameters.
If it is decided that single HST conditions are not sufficient for HST FR2, then to define both PUSCH demodulation requirements for uni- and bi-directional RRH deployment scenarios.

On PUSCH requirements
50MHz CBW is the minimal supported BW in FR2. However, in practical deployments, a wider frequency allocation is expected to be used in FR2.
RAN4 to define HST FR2 BS demodulation requirements with 120KHZ SCS and for 50MHz and 200MHz SCS.
Following Table 6.4.1.1.3-3 in TS 38.211, the density of DM-RS symbols is higher for PUSCH duration in symbols equal to 9 than for duration 10.
RAN4 to define HST FR2 BS demodulation requirements with the PUSCH duration in symbols equal to 9.
RAN4 to define HST FR2 BS demodulation requirements only with QAM16, i.e., MCS 16.
RAN4 to formulate PUSCH demodulation requirements at least with one addition DM-RS symbol per slot.
RAN4 to formulate PUSCH demodulation requirements with mapping type B, one additional DM-RS position = pos 1 and l0=0.

On UL timing adjustment requirements
Update parameters for UL timing adjustment scenario Y by adding the following HST FR2 relevant records: A - 120 kHz: 1.25 s;  - 120 kHz: 1.04 s-1.
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz and 120 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	Channel bandwidth
	15 kHz SCS: 5MHz, 10 MHz
30 kHz SCS: 10MHz, 40 MHz
120 kHz SCS: 200 MHz

	MCS
	16

	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

	
	DM-RS position (l0)
	FR1: 2
FR2: 0

	
	Additional DM-RS position
	FR1: pos2
[FR2: pos1]

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

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

	
	DM-RS port
	{0}

	Time domain resource assignment
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	
	PUSCH mapping type
	FR1: Both A and B
FR2: B

	
	Allocation length
	FR1: 14 
[FR2: 9]

	Frequency domain resource assignment
	RB assignment
	10MHz CBW: 25 RB for each UE
40MHz CBW: 50 RB for each UE
200MHz CBW: 66 RB for each UE

	
	Starting PRB index
	Moving UE: 0
Stationary UE:
12 for 5MHz, 25 for 10 MHz CBW for SCS 15kHz,
12 for 10MHz, 50 for 40 MHz CBW for SCS 30kHz, and
66 for 120 SCS 120 KHz

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	For FDD: slot #1 in radio frames

For TDD: 
-	last symbol in slot #3  in radio frames for 15KHz and 120KHz
-	last symbol in slot #7  in radio frames for 30KHz

	
	SRS resource allocation
	15 kHz SCS: 
            CSRS = 5,   BSRS =0, for 20 RB
            CSRS = 11, BSRS =0, for 40 RB
30 kHz SCS: 
           CSRS =5, BSRS =0, for 20 RB
           CSRS = 21, BSRS =0, for 80 RB
120 kHz SCS:
           CSRS = 33, BSRS =0 for 132 RB

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



Update Test parameters for testing UL timing adjustment as shown in the Table above.
RAN4 to discuss if 50MHz CBW shall be added in the scope of UL timing adjustment requirements.

On PRAH requirements
RAN4 to define PRACH requirements with maximum Doppler shift corresponding to 30GHz CF at 250 kmph, i.e., 9722Hz.
Ncs equal to 69 is the default value used for preamble format C2 in FR2 (120KHz SCS) PRACH requirements in normal mode.
RAN4 to use Ncs=69 in HST FR2 PRACH test preamble configuration.
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