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Introduction
In the previous RAN4#100-e several important agreements were achieved regarding the parameters and configuration of PUSCH requirements for HST FR2 deployment. They are listed in the WF [1].
However, a few parameters and issues still left without agreement:
· PUSCH requirement for Uni/Bi-directional RRH scenarios in scenario A and B 
· RS configuration
· MCS
· Phase noise model
In this paper, we provide further analysis of the topics listed above and present PUSCH link-level simulation results following the latest agreements.


Discussion
PUSCH performance in HST FR2 deployments
The following parameters for PUSCH requirements in HST FR2 deployment were agreed at the previous RAN4#100-e meeting, WF [1]:
	· CBW
· Define 50MHz and 200MHz CBWs with test applicability rule that only one of them is tested based on BS manufacturer
· Length of PUSCH data symbol: 10
· Test metric for PUSCH requirement: only use 70% of maximum TP



Following these agreements, the test parameters are summarized in the table below. The parameters that re still under discussion are highlighted with yellow.



[bookmark: _Ref85737135]Table 1: PUSCH simulation parameters for HST FR2
	Parameter
	Value

	Channel Model
	Uni-directional scenario A and B
Bi-directional scenario B
The details can be referred as R4-2115725

	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] and [Pos2]

	
	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
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	50MHz and 200MHz

	resource
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2

	configuration
	Time density (LPT-RS)
	1

	MCS
	MCS 16, 17, 20

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



The parameters of the uni- and bi-directional channel models were selected according to the agreements achieved in the previous RAN4#100-e meeting, WF [2]:
	Scenario-A: Ds_offset = 10m
Scenario-B: Ds_offset =100m 



The bi-directional channel model was not finally agreed yet, but in our analysis, we used Options 2(a), i.e., Scheme-1: UE connect to 2nd-nearest RRH, as a reference.

Below in Table 2 - Table 4, we are presenting the results of link-level simulations according to the parameters from the Table 1 above. Note, that following the previous meeting agreement no phase noise model is present in these results.

[bookmark: _Ref85310650]Table 2: PUSCH performance results in uni-directional Scenario-A.
	
	MCS
	SNR@30%TP
	SNR@70%TP
	SNR@30%TP
	SNR@70%TP

	
	
	50 MHz CBW
	200MHz CBW

	1dmrs
	 MCS16
	-0.30 
	6.64 
	-0.70 
	6.29 

	
	 MCS17
	0.87 
	7.24 
	0.80 
	7.20 

	
	 MCS20
	2.28 
	9.78 
	2.17 
	9.70 

	2dmrs
	 MCS16
	-0.61 
	6.30 
	-0.70 
	6.24 

	
	 MCS17
	0.80 
	7.07 
	0.80 
	7.12 

	
	 MCS20
	2.29 
	9.79 
	2.26 
	9.69 

	3dmrs
	 MCS16
	-0.60 
	6.26 
	-0.70 
	6.26 

	
	 MCS17
	0.80 
	7.14 
	0.80 
	7.20 

	
	 MCS20
	2.29 
	9.81 
	2.26 
	9.70 



Table 3: PUSCH performance results in uni-directional Scenario-B.
	
	MCS
	SNR@30%TP
	SNR@70%TP
	SNR@30%TP
	SNR@70%TP

	
	
	50 MHz CBW
	200MHz CBW

	1dmrs
	 MCS16
	-0.27 
	6.69 
	-0.69 
	6.58 

	
	 MCS17
	0.91 
	7.35 
	0.80 
	7.21 

	
	 MCS20
	2.29 
	10.08 
	2.25 
	9.80 

	2dmrs
	 MCS16
	-0.55 
	6.51 
	-0.69 
	6.49 

	
	 MCS17
	0.80 
	7.16 
	0.80 
	7.18 

	
	 MCS20
	2.29 
	10.09 
	2.28 
	9.75 

	3dmrs
	 MCS16
	-0.57 
	6.40 
	-0.70 
	6.53 

	
	 MCS17
	0.81 
	7.19 
	0.80 
	7.21 

	
	 MCS20
	2.30 
	10.10 
	2.28 
	9.89 
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	MCS
	SNR@30%TP
	SNR@70%TP

	
	
	50 MHz CBW

	1dmrs
	 MCS16
	-0.24 
	6.71 

	
	 MCS17
	0.96 
	7.41 

	
	 MCS20
	2.31 
	10.15 

	2dmrs
	 MCS16
	-0.51 
	6.57 

	
	 MCS17
	0.82 
	7.18 

	
	 MCS20
	2.32 
	10.16 

	3dmrs
	 MCS16
	-0.52 
	6.47 

	
	 MCS17
	0.83 
	7.21 

	
	 MCS20
	2.32 
	10.17 



The PUSCH performance results with the same MCS and DM-RS pattern are almost the same in all propagation models/scenarios.
The performance difference between MCS16 and MCS17 is not very significant, i.e., less than 1dB for SNR at 70% of maximum throughput.

Additionally, at the previous meeting it was discussed where phase noise has a significant impact on PUSCH performance [1]:
	· Phase noise model
· No explicit phase noise modelling in the alignment results 
· Realistic phase noise modelling is left up to the contributing entities 
· The phase noise impact can be included in the impairment results, but it is left up to companies
· Interested companies are welcome to do investigation on PN impact on high modulation order for PUSCH requirement in the next meeting



We carried out a few link-level simulations at MCS20 with and without the phase noise model. We also studied the cases when the phase noise compensation algorithm is disabled. The results are presented in the table below for 50MHz SCS and in uni-directional Scenario-A.
Table 5: PUSCH performance in HST FR2 uni-directional Scenario-A with/without phase noise and with/without phase noise compensation.
	
	SNR@30%TP
	SNR@70%TP
	SNR@30%TP
	SNR@70%TP
	SNR@30%TP
	SNR@70%TP

	
	No PN
	PN present,
no PN compensation
	PN present,
with PN compensation

	1dmrs
	2.28 
	9.78 
	2.30 
	11.51 
	2.29 
	10.01 

	2dmrs
	2.29 
	9.79 
	2.28 
	10.45 
	2.29 
	10.02 

	3dmrs
	2.29 
	9.81 
	2.28 
	10.31 
	2.30 
	10.04 



Based on these results, the following observation can be made:
The impact of phase noise at higher MCS in HST FR2 scenario can be noticeable only if no phase noise compensation algorithm is used at the receiver, especially if only one DM-RS symbol per slot is transmitted. If a phase noise compensation algorithm is enabled, then no significant degradation in PUSCH performance is observed for MCS20.
Keep the former agreement that the phase noise impact can be included in the impairment results, but it is left up to companies. No explicit phase noise modelling in the alignment results is needed.

[bookmark: _Hlk85743817]PUSCH requirement parameters
The following test parameters still left without agreement after the previous RAN4#100-e meeting:
	· RS configuration
· Option 1: 1 DMRS+PT-RS (L=1, K=2) and 2 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration
· Option 2: 2 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration
· Option 3: 1 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration.
· Companies are encouraged to provide performance comparison between different RS configurations in the next meeting
· MCS
· Option 1: MCS16
· Option 2: MCS 17
· Option 3: MCS20
· Encourage companies bring the simulation results for MCS 16, MCS17 and MCS20 in the next meeting
· Decide whether to define MCS 16, MCS 17 or MCS 20 based on the simulation results



Based on the simulation results presented in the previous section, we can conclude that the usage of more than one DM-RS symbol per slot can be beneficial in some cases, e.g., in the presence of phase noise and fast fading. On the other hand, the performance difference between two and three DM-RS symbols per slot is not meaningful. In general, the requirements can be introduced for all three possible DM-RS configurations, but selection of only two of those seems to be sufficient.
Therefore, we prefer to have requirements both for 1 DM-RS +PT-RS and 3 DM-RS + PT-RS as the least reliable and the most reliable configurations.
It is beneficial to introduce PUSCH requirements for 1 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration (Option 3).

Regarding the MCS configuration, we have observed that the performance difference between MCS 16 and MCS 17 is not that significant. Considering that roof mounted CPEs need to relay traffic for multiple other uses inside the train, the performance at higher MCS is important. Additionally, from the system-level simulation results in the priority scenarios we have observed that the SNR levels are usually sufficient for the use of higher SINRs. Therefore, adding MCS20 in addition to MCS16 looks to be more reasonable choice to have the wider test coverage.
RAN4 to introduce PUSCH requirements with MCS16 and MCS20 (Option 1 and Option 3).

Test setup for PUSCH requirements
The following agreements and FFS items are reflected in the WF [R4-2115726]:
	· [bookmark: _Hlk85285525]PUSCH requirement for Uni/Bi-directional RRH scenarios in scenario A and B 
· No dedicated PUSCH requirement in Bi-directional for Scenario A
· Introduce PUSCH requirement in Uni-directional for Scenario A if the feasibility of Uni-directional deployment is confirmed.
· Introduce PUSCH requirement in Uni-directional and Bi-directional for Scenario B
· Further discuss the following aspects
· Introduction of test applicability rule if needed
· Introduction of BS declaration for applicable test cases if more than one will be introduced (with different deployment scenarios)
· FFS whether a single requirement/ test case can be made to cover both Uni-directional and Bi-directional deployments of Scenario-B and even Scenario-A.
· Companies can provide performance comparison among Uni-directional and Bi-directional deployments
· BS test setup feasibility for Bi-directional deployment with two panels



In general, in uni-directional Scenario-A, the train can move in two opposite directions relative to the orientation of the RRH antenna panels (Figure 1). Following the analysis presented in our accompanying paper on uni-directional Sceanio-A [3], we have concerns about the benefits of the opposite direction (train moves towards the serving beam). Problems with mobility might be expected due to the very fast degradation of the signal strength when the train is passing RRHs even when no DRX is in use. Moreover, system performance in general is worse than when the train is moving from the serving beam (same direction in Figure 1). 
However, it was agreed that CPE shall be equipped with two panels in all deployment scenarios. Then, if the RRHs are also equipped with two panels oriented into the opposite directions higher efficiency can be achieved. Dual bi-directional deployment can be considered as a combination of two uni-directional deployments (Figure 1, in the bottom). Testing of such deployment can be still performed as uni-directional but it makes sense to test only the scenario when the train movement and antenna panels are oriented in the same way.



Figure 1: Possible uni-directional HST FR2 deployments, Scenario-A.

Even though it was agreed that no dedicated PUSCH requirement is needed for bi-directional deployment for Scenario-A, it is beneficial to equip RRHs with two panels oriented in the opposite directions to provide reliable mobility and higher system performance for the trains moving in both directions. Such deployment can be still tested as uni-directional, however, currently assumed scenario where the train is moving in the direction opposite to the RRH panel orientation is not needed any more.
RAN4 to consider the configuration where the train is moving from the serving beam (i.e., in the same direction with RRH antenna panel orientation) as a basis for HST FR2 requirements in uni-directional deployments.
Next, we discuss the scope of HST FR2 BS demodulation testing.
We see the following possibilities to formulate PUSCH performance requirements for different HST FR2 deployment scenarios:
1. Define single/unified channel model that can be adopted both for uni- and bi-directional deployments and Scenario-A&-B with appropriate parametrization.
a. Define several sets of requirements for the combinations of parameters corresponding to the priority deployment scenarios, assuming that the performance in those is different
b. Define a single set of requirements if the performance with different channel models if found to be the same
Usage of channel mode / set of requirements can be left to manufacturer declaration.

However, no unified channel model was proposed so far. Even if it might be possible to describe both uni- and bi-directional models with one set of equations, separate models will be clearer and, therefore, less error-prone for implementation.
In our opinion, there is no much value in introduction of the unified channel model because the behaviour of uni-directional and bi-directional models are fundamentally different.

2. Use a simple and characteristic/typical channel model for HST FR2 deployment and define a single set of PUSCH requirement based on it.
The use of simple but characteristic single-tap channel model with Doppler shift sign alternation was proposed by us (Option 2e), however, it didn’t get enough support in the discussions.

3. Introduce a set of requirements based on the worst-case channel model.
In our opinion, utilization of the worst-case channel model can be useful for the test coverage.
Then, the question is what model shall be considered as the worst-case? With the current parametrization, i.e., agreed Ds_offset values, uni-directional model have moderate jumps in Doppler offset (see our accompanying contribution [4]). On the other hand, bi-directional channel model has Doppler sign alternation that makes it more challenging in comparison with uni-directional model.
Bi-directional channel model can be considered as the worst-case for the formulation of PUSCH performance requirements.
 
4. Keep several channel models, such us uni-&bi-directional models that are currently under the discussion, can be kept.
Taking Observation 1 into account and that it was agreed not to introduce bi-directional model for Scenario-A, we think that it could be sufficient to define only uni-directional model for Scenario-A and bi-directional for Scenario-B.
However, if other companies still want a possibility to distinguish uni-directional Scenario-A and Scenario-B, we are OK to define both models. Then, selection of the tests shall be left up to manufacturer declaration:
a. It is sufficient to test only bi-directional model with Scenario-B parameters
b. If bi-directional model with Scenario-B parameters is not tested, then it is sufficient to test uni-directional model either with Scenario-A or Scenario-B parameters.
Since PUSCH performance in uni-directional model with Scenario-A and Scenario-B parameters are practically the same, there is no much value in performing both test. However, both requirements might be still needed if only one of the deployments is supported by the manufacturer.

RAN4 to consider the following options defining PUSCH performance requirements in HST FR2 deployment:
a. Option 1: Define only requirements based on bi-directional model with Scenario-B parameters as a worst-case scenario.
b. Option 2: Define requirements for all three channel models: uni-directional with Scenario-A and Scenario-B parameters, and bi-directional with Scenario-B parameters.
Define applicability rules in such a way that if bi-directional Scenario-B is tested then no other tests are needed.
Define applicability rules in such a way that it is sufficient to test only one of the uni-directional deployments by manufacturer choice.


Conclusion
In this contribution, we shared our opinions about the choice of parameters, presented link-level results, and discussed the test setup for HST FR2 PUSCH.
The following observations and proposal were made:
On PUSCH performance in HST FR2 deployments:
1. The PUSCH performance results with the same MCS and DM-RS pattern are almost the same in all propagation models/scenarios.
The performance difference between MCS16 and MCS17 is not very significant, i.e., less than 1dB for SNR at 70% of maximum throughput.
1. The impact of phase noise at higher MCS in HST FR2 scenario can be noticeable only if no phase noise compensation algorithm is used at the receiver, especially if only one DM-RS symbol per slot is transmitted. If a phase noise compensation algorithm is enabled, then no significant degradation in PUSCH performance is observed for MCS20.
1. Keep the former agreement that the phase noise impact can be included in the impairment results, but it is left up to companies. No explicit phase noise modelling in the alignment results is needed.

On PUSCH requirement parameters:
It is beneficial to introduce PUSCH requirements for 1 DMRS+PT-RS (L=1, K=2) and 3 DMRS+PTRS (L=1, K=2) with test applicability rule based on BS manufacturer declaration (Option 3).
RAN4 to introduce PUSCH requirements with MCS16 and MCS20 (Option 1 and Option 3).

On Test setup for PUSCH requirements:
Even though it was agreed that no dedicated PUSCH requirement is needed for bi-directional deployment for Scenario-A, it is beneficial to equip RRHs with two panels oriented in the opposite directions to provide reliable mobility and higher system performance for the trains moving in both directions. Such deployment can be still tested as uni-directional, however, currently assumed scenario where the train is moving in the direction opposite to the RRH panel orientation is not needed any more.
RAN4 to consider the configuration where the train is moving from the serving beam (i.e., in the same direction with RRH antenna panel orientation) as a basis for HST FR2 requirements in uni-directional deployments.
In our opinion, there is no much value in introduction of the unified channel model because the behaviour of uni-directional and bi-directional models are fundamentally different.
The use of simple but characteristic single-tap channel model with Doppler shift sign alternation was proposed by us (Option 2e at the RAN4#99-e [R4-2108661]), however, it didn’t get enough support in the discussions.
Bi-directional channel model can be considered as the worst-case for the formulation of PUSCH performance requirements.
Since PUSCH performance in uni-directional model with Scenario-A and Scenario-B parameters are practically the same, there is no much value in performing both test. However, both requirements might be still needed if only one of the deployments is supported by the manufacturer.
RAN4 to consider the following options defining PUSCH performance requirements in HST FR2 deployment:
a. Option 1: Define only requirements based on bi-directional model with Scenario-B parameters as a worst-case scenario.
b. Option 2: Define requirements for all three channel models: uni-directional with Scenario-A and Scenario-B parameters, and bi-directional with Scenario-B parameters.
Define applicability rules in such a way that if bi-directional Scenario-B is tested then no other tests are needed.
Define applicability rules in such a way that it is sufficient to test only one of the uni-directional deployments by manufacturer choice.
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