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Introduction
In RAN4 #98-bis-e there was extensive discussion on HST FR1 CA performance requirements introduction[1]. The following agreements were reached: 
	· Transmission schemes
· For HST-DPS, considering DPS with both one and two active TCI(s). Reuse the applicability rule between the two DPS schemes from single carrier
· Special slot configuration
· PDSCH is not scheduled on ‘S’ slots under HST-SFN propagation condition for HST CA requirements
· Network-assisted signalling
· Existing HST network assisted signalling can cover CA scenario


Same time there are some remaining open issues related to CA duplex modes for requirements introduction and applicability rules for test efforts reduction.  In this paper we provide our view on these issues and in our companion paper simulation results for HST CA requirements definition[2].
Discussion
CA SCS configuration and applicability rules for SCS configuration
In the previous RAN4 meeting the following options on CA duplex modes and applicability rules between them were discussed:
	· [bookmark: _Hlk70518788]Option 1:  Do not introduce requirements in HST for FDD 15KHz + TDD 15KHz CA and TDD 15 kHz + TDD 30 kHz CA. If UE supports both FDD 15 kHz + TDD 30 kHz and FDD 15 kHz + FDD 15 kHz CA duplex modes, apply requirements only to the first one (i.e. use the same applicability rule on CA duplex mode for HST CA as CA CQI requirements).
· Option 2: Introduce requirements in HST for FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA, and the applicability rule between CA scenario with TDD 15 kHz SCS and CA scenario with TDD 30 kHz SCS specified in Rel-16 can be reused
· Option 3: Do not introduce requirements in HST for FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA, and no applicability rule for FDD 15 kHz + FDD 15 kHz CA, TDD 30 kHz + TDD 30 kHz CA and FDD 15 kHz + TDD 30 kHz CA (i.e. not to reuse CA CQI applicability rule to PDSCH CA normal demodulation requirements)


As we see these options propose different number of CA duplex modes for requirements definition and different number of required tests if UE supports all of them. In Table 1 we provide summary of each discussed option.




Table 1. CA Duplex modes for testing
	
	Number of CA Duplex modes
	Number of required tests if UE supports all duplex modes

	Option 1
	3
	2
(FDD 15 + TDD 30; TDD 30 + TDD 30)
No TDD 15

	Option 2
	5
	4
(FDD 15 + FDD 15; FDD 15 + TDD 15; FDD 15 + TDD 30; TDD 30 + TDD 30)

	Option 3
	3
	3
(FDD 15 + FDD 15; FDD 15 + TDD 30; TDD 30 + TDD 30)
No TDD 15

	Option 4*
	5
	2
(FDD 15 + TDD 30; TDD 30 + TDD 30)
TDD 15 is tested if FDD 15+TDD 30 is not supported


As we see option 2 has the widest test coverage from defined number of requirements perspective. However, it also has the highest test loading with 4 CA duplex modes required for testing. These combinations are already covered by Normal CA requirements. From receive processing perspective there is no specific HST processing for different duplex/SCS configurations hence such wide test scope is unacceptable from test efforts point of view. RAN4 needs to define minimum set of requirements with reasonable test load and option 2 dies not satisfy this principle.
Observation #1: Option 2 has unreasonable test load that does not allow to test something specific considering Normal CA requirements and same HST receive processing among different duplex/SCS configurations.
To have sufficient requirements coverage and same time reasonable test load we proposed new Option 4. In general it is option 2 but with additional applicability rule between FDD 15 + FDD 15 and FDD 15 + TDD 30 (Same as in CA CQI requirements).Comparing to Option 1 and 3 this approach allows to test scenarios with TDD 15 that is not possible in Option 1 and 3. Comparing to Option 2 it has smaller test effort but same coverage from defined CA configurations.
Observation #2: New Option 4 allows to test TDD 15 kHz configuration comparing to Option 1 and 3. Comparing to Option 2 it has smaller test effort but same coverage from defined CA configurations.
Comparing Option 1 and Option 3 we see that both options suggest defining 3 CA duplex modes for testing. Same time test efforts with Option 1 is smaller than with Option 3 that proposes testing of FDD 15 + FDD 15 in a mandatory way if UE supports it. However, in our view it is not necessary and FDD 15 + TDD 30 can cover this configuration as well from HST CA demodulation verification perspective.
Proposal #1: 	Consider Option 1 or new Option 4 that propose combinations of CA duplex modes for requirements definition and applicability rules between them. 

Applicability rule for HST-SFN joint transmission scheme and DPS transmission scheme and UE capability signalling
It was not yet agreed whether RAN4 needs to define any applicability rules between HST-SFN and DPS Tx schemes:
	· [bookmark: _Hlk68126919]Option 1: If UE supports demodulationEnhancement-r16, only HST-SFN JT requirements shall apply, otherwise HST-DPS requirements shall apply for CA.
· Option 2: Define applicability rule that UE has passed DPS CA requirements can skip SFN CA requirements
· Option 3: Define two UE capabilities for HST-DPS CA and HST-SFN CA, UE perform the test only when UE supports it. if UE supports both
· Option 3a: Test both schemes
· Option 3b: Test one scheme
· If UE has passed HST-DPS CA tests, HST-SFN CA tests can be skipped
· If UE has passed HST-SFN CA tests, HST-DPS CA tests can be skipped


If UE supports both Tx schemes, then both schemes will be tested with singe carrier test cases. In this case it is not needed to test both schemes with CA considering that receive processing is generic regardless of duplex mode and SCS configuration for both DPS and HST-SFN scheme. Therefor Option 3a is not a good way.
As for Option 3b, we do not think that left up to TE decision which scheme is to consider for test is a reasonable approach. Such principle is used when there is no difference between two test cases from receive processing and performance perspective. However, HST-SFN and DPS require different UE implementations and lead to different demodulation performance. As results, neither option 3a nor option 3b has a reasonable justification to be considered. Moreover, introduction of UE capability for DPS CA looks strange since supporting of DPS single carrier is a mandatory feature.
Observation #3: Neither option 3a nor option 3b has a reasonable justification to be considered.
[bookmark: _Hlk70611586]Proposal #2: 	Do not define UE capabilities for HST-DPS and HST-SFN CA. 
Since both schemes are tested with singe carrier scenario, option 1 and option 2 look equally and based on discussion in RAN4 #99-bis-e companies have different view on them. In our understanding, RAN4 considers more extreme conditions for testing if two scenarios are on table. HST-SFN requires advanced UE processing comparing to DPS Tx scheme. Companies can assume different implementations for DPS Tx scheme reception, but it is still a minimum functionality that UE is required to support. In this case we suggest considering option 1 and skip HST CA DPS test cases if UE supports demodulationEnhancement-r16. Otherwise only HST CA DPS requirements should be applied.
Proposal #3: 	Consider Option 1: If UE supports demodulationEnhancement-r16, only HST-SFN JT requirements shall apply, otherwise HST-DPS requirements shall apply for CA. 
Also, we can define applicability rule between single carrier and CA test cases to reduce test efforts. 
Proposal #4: 	UE skip single carrier test case if it explicitly passes corresponding CA test case. 

DPS channel model
It was proposed to update HST-DPS channel model:
	· FFS whether to update the HST-DPS channel model 
· FFS on adding path loss and propagation delay for transmitted signal from each RRH.
· FFS on clarification of propagation conditions for SSB, TRS(second TCI state) transmitted from the second nearest RRH
· Option 1: Add clarification on another Doppler frequency for this link comparing to the signal from the nearest RRH.
· Option 2: Add clarification on another Doppler frequency, propagation delay and Rx power comparing to the signal from the nearest RRH


According to current HST-DPS channel model definition propagation conditions for SSB and TRS associated with TCI state transmitted from the second nearest RRH are not specified. Reception of these signals is not guaranteed and hence UE may fail the test. In this case some clarifications are needed. 
During the test it is important to receive new SSB and new TRS only in the area in the middle between two RRHs to ensure smooth TCI state switching especially for scenario with two active TCI states when UE can make some pre-tracking of new TCI state. In the middle area between two RRHs the propagation delay and propagation loss of signals from two nearest RRHs are comparable.
Observation #4: In the middle area between two RRHs the propagation delay and propagation loss of signals from two nearest RRHs are comparable and difference is quite negligible.
In this case we do not think it is needed to add additional negligible time and power difference of these signals. Only Doppler frequency should be different on these signals. In our CR [3] we propose possible approach of such clarification.
Proposal #5: 	Add clarification on Doppler frequency for the link from the second nearest RRH for HST-DPS channel model.

Another proposal is to add path loss and propagation delay for transmitted signals from each RRH. In this case PDSCH Rx power will be less than 0 dB and different for each track point. Therefore, it will be not clear how to define SNR for this test case. Also, since total Rx power of HST-SFN and HST-DPS scenarios will be different it will be not possible to compare performance of them. In general, propagation delay and path loss are not considered in link level and we suggest using the same principle. 
Proposal #6: 	Do not add path loss and propagation delay for transmitted signals from each RRH for HST DPS channel model. 

Release independent requirements
HST SFN single carrier requirements are release independent from Rel-15 as well as normal PDSCH CA requirements (for Rel-15 CA configurations). In this case, HST CA demodulation requirements can be also release independent from Rel-15. However, there is no value to define HST CA demod requirements in release independent manner if corresponding RRM requirements will be not release independent. According to RRM discussion it is still open whether HST CA Rel-17 requirements can be release independent. In this case we suggest agreeing that demodulation requirements can be release independent from Rel-15 but final decision on it should be taken after RRM room conclusion. 
Proposal #7: 	Define HST CA demodulation requirements in release independent manner only if corresponding RRM requirements will be release independent. Align exact release number with RRM requirements if such approach will be agreed.
Conclusion
In this contribution we provide our views on NR HST CA requirements introduction. In summary, we make the following proposals:
Proposal #1: 	Consider Option 1 or New Option 4 that propose combinations of CA duplex modes for requirements definition and applicability rules between them.
Proposal #2: 	Reuse applicability rule from DPS single carrier to CA and define new one as: UE can skip single carrier test case if it has passed corresponding CA test case. 
Proposal #2: 	Do not define UE capabilities for HST-DPS and HST-SFN CA. 
Proposal #3: 	Consider Option 1: If UE supports demodulationEnhancement-r16, only HST-SFN JT requirements shall apply, otherwise HST-DPS requirements shall apply for CA.
Proposal #4: 	UE skip single carrier test case if it explicitly passes corresponding CA test case. 
Proposal #5: 	Add clarification on Doppler frequency for the link from the second nearest RRH for HST-DPS channel model.
Proposal #6: 	Do not add path loss and propagation delay for transmitted signals from each RRH for HST DPS channel model.
Proposal #7: 	Define HST CA demodulation requirements in release independent manner only if corresponding RRM requirements will be release independent. Align exact release number with RRM requirements if such approach will be agreed.
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