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Introduction
In the previous RAN4 meetings the scope of HST FR2 BS demodulation performance requirements was limited to the following three areas:
· PUSCH requirements
· PUSCH UL timing adjustment requirements
· PRACH requirements
[bookmark: _Hlk77764778]The latest RAN4#99-e meeting discussions are summarised in the email summary [1].
In this paper, we focus on the details of the PUSCH performance requirements for HST FR2 scenario. We share our views on the following issues that left open after the previous RAN4 meeting #99-e and were included into the WF [2]:
· PUSCH requirement for Uni/Bi-directional RRH deployment scenarios in scenarios A and B
· Test setup configuration, including, RS configuration, CBW, MCS, length of data symbol


Discussion
Test scope
In the WF [2], the following options how to define the PUSCH requirements depending on the deployments were listed:
	· 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- and 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 vender declares to support it.



In our opinion it is firstly necessary to make a difference between the introduction of requirements and making them mandatory. In particular, we see uni-directional setting is a default one for all HST FR2 deployments. Therefore, the corresponding tests should be introduced and defined as mandatory. On the other hand, if it is agreed that bi-directional settings are feasible for HST FR2 deployments, the corresponding requirements should be defined as well, but their applicability can be left to manufacture declaration.
Uni-directional setting is the default one in HST FR2 deployments.
RAN4 to introduce BS demodulation requirements for uni-directional setting and require their mandatory testing.

It is necessary to notice, that the benefits of bi-directional settings are still under the discussion in HST FR2 deployments track, WF [3]:
	· Comparison btw. uni- and bi-directional RRH deployments for Scenario-A: 
· From signal strength and beam coverage perspective: 
· Bi-directional deployment will not provide significant throughput improvement comparing to uni-directional deployment based on deployment scenario analysis.
· Only need to consider uni-directional deployment for Scenario-A
· Bi-directional deployment can be considered if the feasibility issue of uni-directional deployment is identified.

· Schemes for Bi-directional deployment, Scenario-A: 
· Agreements from GTW (24th May):
· [Scheme 1 under Bi-directional scenario is feasible without coverage hole issue, and no propogation delay jump between switching points]

· WF (R4-2106100) approved in RAN4#98-bis-e:   
·  For Scenario-B Bi-directional RRH deployment:
·  FFS the pros and cons between bi-directional deployment and uni-directional deployment
·  FFS the potential issue of coverage when close to RRH locations. 



The support of bi-directional setting in HST FR2 scenarios, especially in Scenario-B, is still under discussion in RAN4.
If bi-directional setting in HST FR2 scenario is agreed to be supported, RAN4 to define corresponding BS demodulation requirements, but test them based on manufacture declaration.

Next, we do not see a strong need in defining additional requirements for different scenarios, if performance in those is not different. For example, in our accompanying contribution [4] on HST FR2 channel models we present PUSCH simulations results that show negligible PUSCH performance difference between Scenario-A and Scenario-B. Similar observations can be also found in the WF [2]. We also have an opinion that Scenario-A is more challenging deployment from the performance point of view since the Doppler shift amplitude is higher.
We do not see much value in defining requirements for multiple scenarios if PUSCH performance in those is very close.
It is also not obvious which of scenarios should be tested if the real deployment does match exactly neither Scenario-A nor Scenario-B.
Finally, Scenario-A looks to be more challenging and can be considered as worst-case.
If no meaningful difference in PUSCH performance is observed between the scenarios, RAN4 to introduce HST FR2 BS requirements and define tests only based on Scenario-A.


PUSCH test parameters
RS configuration
Following the WF [2], the following RS configurations were considered by different companies:
	· 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



At the meeting RAN4#98-bis-e it was agreed to use resource mapping type B for PUSCH [R4-2106102]. According to TS 38.211, Clause 6.4.1.1.3, the position  of the first DM-RS symbol position for mapping type B is always equal to 0. For the data allocation of 9 or 10 symbols in length, this means that for some of the symbols the distance to the closest RS is larger than 7 symbols. Therefore, channel information evaluated in the beginning of the slot gets already outdated for the last symbols. Having additional DM-RS symbols closer to the end of the slot is beneficial because fast fading is unavoidably present even in LoS conditions of HST FR2, due to the quickly changing environments in real deployments.
Due to mapping type B agreed for HST FR2 PUSCH testing, channel information get outdated for the symbols at the end of the slot.

Moreover, the results of PUSCH link-level simulations demonstrate better demodulation performance with 2 DM-RS symbols even in AWGN channels with Doppler shift, i.e. in HST channel models. For example, in T we show PUSCH simulation results with the parameters from Table 1, MCS 16, 100MHz CBW. It can be seen that the achivable performance gain is on the level of 0.6-0.7dB.

Table 1: PUSCH demodulation pefromance with different number of DM-RS and in different propagation conditions.
	Propagation conditions
	DM-RS positions
	SINR at 30% max Tput, dB
	SINR at 70% max Tput, dB

	Scenario-A, uni-directional, Ds_offset=0
	[0]
	-0,45
	7,49

	Scenario-A, uni-directional, Ds_offset=0
	[0 8]
	-0,63
	6,86

	Scenario-A, uni-directional, Ds_offset=0
	[0 4 8]
	-0,66
	6,79

	Scenario-B, uni-directional, Ds_offset=200
	[0]
	-0,56
	7,41

	Scenario-B, uni-directional, Ds_offset=200
	[0 8]
	-0,67
	6,83

	Scenario-B, uni-directional, Ds_offset=200
	[0 4 8]
	-0,68
	6,77

	Scenario-B, bi-directional, Option 2(e)
	[0]
	-0,32
	7,36

	Scenario-B, bi-directional, Option 2(e)
	[0 8]
	-0,66
	6,73

	Scenario-B, bi-directional, Option 2(e)
	[0 4 8]
	-0,67
	6,64



PUSCH demodulation performance is higher when at least one additional DM-RS symbol per slot is transmitted even in HST single-tap propagation conditions.
RAN4 to define at least one additional DM-RS per slot in PUSCH requirements with mapping type B for HST FR2 scenario.

CBW
The following CBW configurations were discussed at the previous meeting [2]:
	· 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



Since the minimal CBW in FR2 is 50 MHz, it is necessary to define PUSCH requirements with minimal CBW. Otherwise, it may happen that the equipment supports only minimal CBW, but the requirements are defined only for the wider CBW. A similar situation is also true for 100MHz SCS if the requirements are defined only for 200MHz. On the other hand, testing multiple CBWs introduce additional unnecessary test burden that can be avoided by introducing an applicability rule.
However, there is already exiting applicability rule for different channel bandwidth in TS .38.141-1&2 that states
	For each subcarrier spacing declared to be supported, the tests for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.



If requirements for minimal FR2 CBW, i.e., 50MHz, are not introduced it is not clear how devices supporting only such CBW will be tested.
[bookmark: _Hlk77766015]RAN4 to define PUSCH requirements for 50MHz minimum CBW.

In general, discussed HST FR2 scenario is foreseen in such a way that CPEs will relay traffic from multiple UEs form inside the train. Therefore, it is more practical to use wider CBWs in such deployments. Hence, the requirement for wider channel BW should be defined as well.
Defining requirements for 50MHz CBW is not practical.
There is already existing applicability rule for different channel bandwidth defined for BS testing. It can be reused directly for the HST FR2.
If the applicability rule is followed, it could be enough to define requirements to 100MHz CBW only.
RAN4 to define PUSCH requirements at least for 100MHz CBW.

MCS
The following options and issues were raised in relation to MCS configuration [2]:
	· 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 MCS17 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)



HST FR1 requirements are defined for two modulations: QPSK (code rate 193/1024 -> MCS2) and 16QAM (code rate 658/1024 -> MCS16). In the existing FR2 PUSCH requirements 64QAM modulation FRCs are defined with coding rate 567/1024, i.e., MCS20.
In our opinion, taking FR2 HST deployment scenario into account it does not make much sense to define requirements for QPSK because the system is shall be designed to provide high bandwidth to the end users. Therefore, MCS16 should be selected as the baseline for PUSCH requirements. However, 64QAM requirements, e.g., with MCS20 can be defined as well. MCS 17 is less preferred because it is just next to MCS 16. Additionally, MCS20 is also used for the other FR2 PUSCH requirements.
Some companies have indicated that pefromance with 64QAM cannot be always guaranteed due to particular implementations, e.g., when post-FFT frequency offset compensation is used. However, it cannot be feasible to define different minimal performance requirements that match different implementations, and we see two possible solutions of this issues:
1. The simplest solution could be to leave MCS20 up to BS declaration support.
2. Collect the alignment PUSCH simulation results from different companies and then decide accordingly based on difference in those, e.g., if outliers are identified.
RAN4 to define HST FR2 PUSCH requirements both for MCS16 and MCS20.
RAN4 to consider manufacture declaration for MCS20 in HST FR2 PUSCH requirements.

One additional factor that could be considered in HST FR2 scenarios is the presence the phase noise. It might have a considerable impact on demodulation performance in mmWave bands and especially for higher MCSs.
RAN4 to discuss if phase noise model shall be taken into account in HST FR2 PUSCH demodulation requirements, especially for MCS20.

Length of data symbol
Two possible lengths of PUSCH data symbols are under discussion in RAN4 [2]
	· Length of data symbol
· Option 1: 9
· Option 2: 10



Currently, common PUSCH requirements in FR2 are defined for mapping type B, and with allocation length of 10 symbols. Following the Table 6.4.1.1.3-3 from TS 38.211, the main difference between allocation 9 and 10 is in the possible density of DM-RS symbols:
· For 9 symbols, additional DM-RS are in slots 3, and 6
· For 10 symbols, additional DM-RS symbols are in slots 4, and 8
As it was agreed to enable PT-RS in HST FR2 PUSCH test, the density of DM-RS symbols does not provide a significant impact on the demodulation performance. Moreover, the difference in PUSCH simulation results is negligible between length of data symbol 9 and 10.
Data allocation length of 10 is already used in FR2 PUSCH requirements. Therefore, if one additional DM-RS symbol is used, then it becomes possible to re-use already defined FRC, e.g., Table A.4-7 and Table A.5.7 from TS 38.104.
There is no meaningful pefromance difference between data length of 9 and 10.
If data allocation length kept to be 10 and 2 DM-RS are used, then already existing FR2 FRCs can be re-used for MCS16 (G-FR2-A4-13 for 50 MHZ CBW, G-FR2-A4-14 for 100 MHZ CBW) and MCS20 (G-FR2-A5-8 for 50 MHZ CBW, G-FR2-A5-9 for 100 MHZ CBW).

Use length of data symbol equal to 10 in PUSCH requirements.

Summary of PUSCH test parameters
Traditionally, the performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput, and in HST FR1 requirements only 70% of maximum throughput was used. As far as HST FR2 scenario is more targeted on high-throughput applications, the same metric should be used.
RAN 4 to use only 70% fraction of maximum throughput as a minimum required throughput for a given SINR for HST FR2 PUSCH requirements.

In the Table below we summarize PUSCH test parameters for HST FR2 scenario.

[bookmark: _Ref79136092]Table 2: PUSCH main parameters.
	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, pos1

	
	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}, {0, 1}

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

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0

	
	Allocation length
	10

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

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

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2

	configuration
	Time density (LPT-RS)
	1

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




Conclusion
In this paper, we disclosed our view on the parameter of the PUSCH performance requirements for HST FR2 scenario.
The following observations and proposals were made:
On test scope:
1. Uni-directional setting is the default one in HST FR2 deployments.
1. RAN4 to introduce BS demodulation requirements for uni-directional setting and require their mandatory testing.
The support of bi-directional setting in HST FR2 scenarios, especially in Scenario-B, is still under discussion in RAN4.
If bi-directional setting in HST FR2 scenario is agreed to be supported, RAN4 to define corresponding BS demodulation requirements, but test them based on manufacture declaration.
We do not see much value in defining requirements for multiple scenarios if PUSCH performance in those is very close.
It is also not obvious which of scenarios should be tested if the real deployment does match exactly neither Scenario-A nor Scenario-B.
Finally, Scenario-A looks to be more challenging and can be considered as worst-case.
If no meaningful difference in PUSCH performance is observed between the scenarios, RAN4 to introduce HST FR2 BS requirements and define tests only based on Scenario-A.

On RS configuration:
Due to mapping type B agreed for HST FR2 PUSCH testing, channel information get outdated for the symbols at the end of the slot.
PUSCH demodulation performance is higher when at least one additional DM-RS symbol per slot is transmitted even in HST single-tap propagation conditions.
RAN4 to define at least one additional DM-RS per slot in PUSCH requirements with mapping type B for HST FR2 scenario.

On CBW:
If requirements for minimal FR2 CBW, i.e., 50MHz, are not introduced it is not clear how devices supporting only such CBW will be tested.
RAN4 to define PUSCH requirements for 50MHz minimum CBW.
Defining requirements for 50MHz CBW is not practical.
There is already existing applicability rule for different channel bandwidth defined for BS testing. It can be reused directly for the HST FR2.
If the applicability rule is followed, it could be enough to define requirements to 100MHz CBW only.
RAN4 to define PUSCH requirements at least for 100MHz CBW.

On MCS:
RAN4 to define HST FR2 PUSCH requirements both for MCS16 and MCS20.
RAN4 to consider manufacture declaration for MCS20 in HST FR2 PUSCH requirements.
RAN4 to discuss if phase noise model shall be taken into account in HST FR2 PUSCH demodulation requirements, especially for MCS20.

On length of data symbol:
There is no meaningful pefromance difference between data length of 9 and 10.
If data allocation length kept to be 10 and 2 DM-RS are used, then already existing FR2 FRCs can be re-used for MCS16 (G-FR2-A4-13 for 50 MHZ CBW, G-FR2-A4-14 for 100 MHZ CBW) and MCS20 (G-FR2-A5-8 for 50 MHZ CBW, G-FR2-A5-9 for 100 MHZ CBW).
Use length of data symbol equal to 10 in PUSCH requirements.

On the type of PUSCH requirements:
RAN 4 to use only 70% fraction of maximum throughput as a minimum required throughput for a given SINR for HST FR2 PUSCH requirements.
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