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Introduction
In RAN4 #100-e meeting WF on HST FR2 demodulation requirements was agreed[1]. The following key agreements were reached during the discussion:
	· Scenarios:
· No dedicated PDSCH requirement in Bi-directional for Scenario A
· Introduce PDSCH requirement in Uni-directional for Scenario A if the feasibility of Uni-directional deployment is confirmed   
· Introduce PDSCH requirement in Uni-directional and Bi-directional for Scenario B
· Maximum Doppler frequency offset in Uni-directional scenario:
· Introduce PDSCH requirement with the maximum Doppler frequency offset as 9722Hz in Uni-directional deployment scenario
· BW
· 200 MHz


In this paper we provide our view on the remaining open issues for DL performance requirements introduction. 
[bookmark: _Hlk61630765]Discussion
Doppler frequency for PDSCH requirements
In it was agreed to consider 9722 Hz max Doppler frequency for unidirectional deployment scenario. For bidirectional deployment there are three options: 
	· [bookmark: _Hlk71207272]Option 1: 5652Hz with 0.1 PPM FOE error and 10% safety margin
· Option 2: 9722Hz 
· Option 3: Define two sets of PDSCH requirement with 9722 Hz and 7000 Hz
· FFS on whether introduce separate requirements for Uni- and Bi-directional based on UE capability with larger and smaller Maximum Doppler Frequency if needed


Option 1 with 5652 Hz Doppler frequency was derived based on an assumption on 0.1 PPM frequency error + additional 10% safety margin for estimation errors. However, in RAN4 #99e it was agreed to not consider UE frequency for max Doppler frequency calculations [2]. Similar procedure was used during the HST FR1 requirements definition. 
Observation #1: Option 1 contradicts with previous agreement to not take into account any extra UE frequency error margins to derive max supported Doppler frequency.  
The difference between Options 2 and 3 is an assumption on frequency offset tracking: SSB+TRS or only TRS. In bidirectional deployments frequency jump in Doppler frequency trajectory is a double max Doppler frequency value. For the target speed as 350 km/h and 30 GHz carrier frequency this jump is equal to 19444 Hz. Maximum frequency estimation capability of TRS is 14000 Hz for the agreed 120 kHz SCS. In this case using of only TRS for frequency offset tracking does not allow to perform correct tracking of Doppler trajectory. 
However, switching of transmit RRH is triggered by UE by measuring different SSBs, assigned to different RRHs, and reporting L1-RSRP on them. It means that UE can also measure frequency offset on each SSB and adjust its local oscillator accordingly. In practice, it is a conventional procedure for UE to use SSB to obtain rough time/frequency synchronization during the initial access. After rough synchronization UE can use TRS to perform further accurate tracking. 
SSB estimation capability allows to track Doppler frequency jump in bidirectional deployments since it can estimate up to 56000 Hz. After receiving TCI state switching command to new Tx beam (SSB) UE will apply new QCL assumptions associated with a new configured SSB beam. SSB based time/frequency synchronization will be performed during the TCI state switching since a new Tx timing/frequency might be significantly different because switching can be performed on a new transmit point. After rough synchronization on a new beam UE can receive new TRS and new PDSCH associated with a new beam. At this time (in bi-directional deployment) Doppler trajectory will be continuous and UE can use TRS to track it. 
In our understanding, described procedure is a conventional UE behaviour after switching of Tx beam and associated TCI state. In this case we do not see any problems in bidirectional operation to support 9722 Hz max Doppler frequency.
Observation #2: Conventional UE implementation assumes implementation of SSB based time/frequency estimation. 
However, some companies argued that we should not assume SSB based re-synchronization after TCI state switching in multi-RRH HST deployments. NR specification do not require from UE to perform SSB based re-synchronization after TCI state switching. NR design only provides such mechanism but, in general it is up to UE implementation even if we assume it is a conventional procedure. Such UE implementation is valid under assumption that difference in Tx timing and frequency of different transmission points can be tracked by TRS. However, such UEs cannot operate at 350 km/h speed in bidirectional deployments.
Observation #3: UEs without SSB based time/frequency re-synchronization after Tx beam (SSB) switching can operate in certain scenarios.
From complexity perspective we do not see difference between SSB+TRS operation or only TRS operation for frequency offset tracking. UE always implemented with SSB based rough time and frequency offset estimation. Performing it to measure and store time/frequency offset values for the limited number of configured SSBs do not seriously increase UE complexity. In this case we proposed to adopt 9722 Hz Doppler frequency for bi-directional deployments.
[bookmark: _Hlk79175481]Proposal #1:	Adopt 9722 Hz Doppler frequency for PDSCH demodulation requirements with Bi-directional deployment.
Another approach is to define UE capability to support bidirectional deployment with UE speed higher than 250 km/h (252 km/h is a limitation of TRS). In this case bidirectional test will apply only for UEs with such capability. Unidirectional requirements will be applied for all UEs. Such capability will also be useful for network that can adjust its behaviour for such UE implementations. 
Proposal #2:	If found to be needed, define UE capability to support operation in HST FR2 bidirectional deployments with higher than 250 km/h speed. Define corresponding performance requirements with up to UE capability.  

DPS Tx scheme configuration
There are some remaining open issues for DPS Tx scheme configuration:
	· DPS transmission schemes for Uni-directional scenario
· Introduce DPS scheme 1a and scheme 1b for PDSCH requirement in Uni-directional scenario if the feasibility of Uni-directional deployment is confirmed 
· FFS on whether both schemes are defined in Uni-directional scenario for both Scenario A and B or not
· FFS on define different DPS schemes for scenario A and scenario B 
· FFS on the test applicable if needed 
· DPS transmission schemes for Bi-directional scenario
· Introduce DPS scheme 1a for PDSCH requirement in Bi-directional scenario of scenario B 
· FFS on applicability of DPS scheme 1b
· Encourage companied to further discuss the following aspect in the next meeting
· Test procedure or test feasibility between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B
· Pros and Cons between DPS scheme 1a and DPS scheme 1b in Bi-directional deployment scenario for Scenario B


Uni-directional deployment
From receive processing perspective there is no difference between deployment scenarios A and B. The same baseband implementation will be used in both deployments. According to our results presented in section 2.4 there is also no difference in terms of the provided performance.
Observation #4: There is no difference between deployment scenarios A and B from the baseband receive processing perspective and provided demodulation performance.
DPS schemes 1a and 1b can be used in unidirectional deployment scenarios. In this case we can define performance requirements for both deployments but with different DPS Tx schemes. For example, we can define requirement for Uni-directional deployment scenario A with DPS scheme 1a and Uni-directional deployment scenario B with DPS scheme 1b. Only one deployment and one DPS Tx scheme will be tested. It will be a balance between scenario coverage and reasonable test load considering observation #4. 
Proposal #3:	Define PDSCH requirement for Uni-directional deployment scenario A with DPS scheme 1a and Uni-directional deployment scenario B with DPS scheme 1b.

Bi-directional deployment
According to WID [3] only one panel can be active at each time. It means that the second UE panel can be used for beam search, but the first panel should be deactivated and PDSCH cannot be received at this time. It might be helpful in bidirectional deployment when DL Tx can be performed from two opposite directions. UE equipped with two panels would have better link budget in this deployment if panel directed to the Tx RRH will be used for the reception.
The difference between DPS scheme 1a and 1b is a number of active TCI states: one or two. Two active TCI states helps to reduce TCI state switching period since UE can do pre-tracking of second TCI state and after switching UE does not need to wait a new TRS to obtain time/frequency channel characteristics. 
In order to do pre-tracking of second TCI state UE needs to activate second panel for beam search and then wait until TRS resources associated with this beam won’t be received (Figure 1). There can be two strategies: UE switches active panel for each SSB and TRS or UE switches active panel for SSB and wait until TRS associated with this SSB is not received. Both strategies lead to wasting of useful resources since PDSCH associated with the first TCI state cannot be received during the panel switching and active period of the second panel. Performance will degrade and pre-tracking of second TCI state cannot compensate it because it allows to safe quite limited number of slots during the TCI state switching
	[image: ]

	Figure 1. Wasting of useful resource due to active panel switching and processing of TRS resources associated with non-serving RRH



In this case we do not think that scheme 1b brings any performance benefits for bidirectional deployment. On the contrary, it leads to the reduction of the max achievable throughput since PDSCH cannot be scheduled during the period when the second panel is active for beam search, waiting for TRS resources and processing them. 
Observation #5: There are no performance benefits of using DPS scheme 1b in bidirectional deployments. On the contrary, this scheme leads to the reduction of the max achievable throughput due to scheduling restriction of the PDSCH associated with active TCI state. 
Proposal #4:	Define PDSCH requirements only with DPS scheme 1a for bi-directional deployment scenario.

Applicability rules for different scenarios
According to the provided link-level evaluations in section 2.4 there is no difference in terms of provided demodulation performance between different HST scenarios. Also, same baseband processing is used regardless on unidirectional/bidirectional and/or A/B scenarios. In this case to reduce test efforts we suggest defining applicability rules between different scenarios.
We can separate different DPS Tx schemes between scenario A and B for unidirectional case. Similar applicability rule as in HST FR1 between 1a and 1b scheme can be defined for the reduction of applicable test cases.
Proposal #5:	Define PDSCH requirements with DPS scheme 1a scenario A and 1b for scenario B in uni-directional deployments. Define same applicability rule between 1a and 1b schemes as in HST FR1.
For bi-directional deployment there can be two options depending on whether requirements with lower speed (Doppler frequency) will be introduced or not. Table 1 summarizes required tests for definition in case only 350 km/h speed is considered for bi-directional deployment. Only 2 test cases will be applied for UE in this case: #1 or #2 (depending on UE capability on number of active TCI states) and #3.
Table 2 summarizes another approach when two requirements are defined for bi-directional operation for different UE speeds (Proposal 2). There is no need to perform testing of 250 km/h scenario if UE can pass 350 km/h test. Therefore, in case, such set of requirements will be introduced we suggest defining applicability rule for bidirectional scenarios.
Proposal #6:	Define PDSCH requirements according to Table 1 or 2 depending on conclusion for bi-directional scenario with different speeds.
Proposal #7:	If bi-directional requirements will be defined for two different speeds (according to Table 2) define applicability rule that if UE has passed requirement with higher speed it does not need to pass requirement with lower speed. 

Table 1. First possible set of requirements for definition
	Deployment
	DPS Tx scheme
	Speed
	Comment
	Test #

	Uni-directional
	Scenario A
	1a
	350 km/h
	Mandatory
	1

	
	Scenario B
	1b
	350 km/h
	Up to UE capability on number of active TCI states
	2

	Bi-directional
	Scenario B
	1a
	350 km/h
	Mandatory
	3



Table 2. Second possible set of requirements for definition
	Deployment
	DPS Tx scheme
	Speed
	Comment
	Test #

	Uni-directional
	Scenario A
	1a
	350 km/h
	Mandatory
	1

	
	Scenario B
	1b
	350 km/h
	Up to UE capability on number of active TCI states
	2

	Bi-directional
	Scenario B
	1a
	250 km/h
	Mandatory
	3

	
	Scenario B
	1a
	350 km/h
	If is introduced, will be up to UE capability
	4



Simulation results
In this section we provide PDSCH performance evaluations. Simulation assumptions are summarized in Table 3.
Table 3. PDSCH simulation assumptions
	Parameter
	Values

	CBW and SCS
	200 MHz + 120 kHz

	Antenna configuration
	2x2

	Channel model
	HST Unidirectional A and B, Bidirectional B. 
9722 Hz max Doppler frequency

	Number of additional DMRS
	2

	MCS
	17

	Rank
	1
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	Figure 1. PDSCH demodulation performance in HST FR2


Observation #6: Absolutely the same PDSCH performance is obtained for Uni-directional scenario A and B and for Bi-directional scenario B.  

Conclusion
In this paper we provide our view on HST FR2 DL demodulation requirements. In summary, we make the following proposals:
Proposal #1:	Adopt 9722 Hz Doppler frequency for PDSCH demodulation requirements with Bi-directional deployment.
Proposal #2:	If found to be needed, define UE capability to support operation in HST FR2 bidirectional deployments with higher than 250 km/h speed. Define corresponding performance requirements with up to UE capability.  
Proposal #3:	Define PDSCH requirement for Uni-directional deployment scenario A with DPS scheme 1a and Uni-directional deployment scenario B with DPS scheme 1b.
Proposal #4:	Define PDSCH requirements only with DPS scheme 1a for bi-directional deployment scenario.
Proposal #5:	Define PDSCH requirements with DPS scheme 1a scenario A and 1b for scenario B in uni-directional deployments. Define same applicability rule between 1a and 1b schemes as in HST FR1
Proposal #6:	Define PDSCH requirements according to Table 1 or 2 depending on conclusion for bi-directional scenario with different speeds.
Proposal #7:	If bi-directional requirements will be defined for two different speeds (according to Table 2) define applicability rule that if UE has passed requirement with higher speed it does not need to pass requirement with lower speed. 
Table 1. First possible set of requirements for definition
	Deployment
	DPS Tx scheme
	Speed
	Comment
	Test #

	Uni-directional
	Scenario A
	1a
	350 km/h
	Mandatory
	1

	
	Scenario B
	1b
	350 km/h
	Up to UE capability on number of active TCI states
	2

	Bi-directional
	Scenario B
	1a
	350 km/h
	Mandatory
	3



Table 2. Second possible set of requirements for definition
	Deployment
	DPS Tx scheme
	Speed
	Comment
	Test #

	Uni-directional
	Scenario A
	1a
	350 km/h
	Mandatory
	1

	
	Scenario B
	1b
	350 km/h
	Up to UE capability on number of active TCI states
	2

	Bi-directional
	Scenario B
	1a
	250 km/h
	Mandatory
	3

	
	Scenario B
	1a
	350 km/h
	If is introduced, will be up to UE capability
	4
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