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1. Introduction

In the last meeting, there is discussion on NR HST UE demodulation for CA scenario and a WF was approved [1]. This contribution provides further discussion on the open issues.
2. Discussion 
2.1 DPS

In RAN #91-e meeting, revised WID on enhanced NR support for high speed train scenario for frequency range 1 (FR1) was approved [2]. Based on the revised WID, both HST-SFN joint transmission scheme and DPS transmission scheme need to be considered to specify UE demodulation requirements for CA scenario. And requirements/tests applicability rules should be discussed in order to minimize the testing burden.
We understanding companies’ consideration to reduce the number of test cases, but we are wondering whether applicability rules could be specified between HST-SFN joint transmission scheme and DPS transmission scheme, since they are different transmission scheme. 
Firstly, there is no applicability rule between HST-SFN joint transmission scheme and DPS transmission scheme for single carrier case in Rel-16. Based on discussion in Rel-16 NR HST WI, different UE have different implementation on the frequency tracking of these two transmission schemes. Some companies believe that frequency error tracking in DPS can be verified in HST-SFN with the assumption that UE can only track the strongest path in HST-SFN, while some companies think that combined signal from 4 paths are received at UE, the synthesized frequency in HST-SFN is different from DPS. The final conclusion in Rel-16 NR HST WI is to define RAN4 requirements with the assumption of frequency tracking up to UE implementation [3]. Since different companies have different UE implementation, the DPS performance cannot be guaranteed if the UE passes the HST-SFN test case. 
Secondly, according to the discussion in last meeting [1], it is RAN4 common understanding DPS scheme can achieve better performance compared to joint transmission schemes and no advanced receiver required for HST deployment. Considering that DPS scheme provides better performance, while HST-SFN joint transmission scheme requires advanced receiver. It is doubtful to say that passing one test implies also passing the other test. Based on above consideration, it is wondering whether we can specify the applicability rule between HST-SFN joint transmission scheme and DPS transmission scheme for CA scenario.
Observation 1: HST-SFN joint transmission scheme and DPS transmission scheme are different transmission schemes, it is doubtful to say that passing one test implies also passing the other test.
· Based on discussion in Rel-16 NR HST WI, different UE have different implementation on the frequency tracking of these two transmission schemes

· DPS scheme provides better performance, while HST-SFN joint transmission scheme requires advanced receiver. 

Proposal 1: considering that HST-SFN joint transmission scheme and DPS transmission scheme are different transmission schemes, not sure whether we can specify the applicability rule between HST-SFN joint transmission scheme and DPS transmission scheme for CA scenario.
2.2 SCS configuration
For SCS configuration, there are two open issues: SCS configuration for CA scenario to be considered, applicability rule for SCS configuration (FFS whether reuse CA CQI applicability rule on CA duplex modes for testing: 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). We will discuss these two issues together.

Based on the agreements in Rel-16 WI on NR performance requirement enhancement [4], for FR1 NR CA, PDSCH requirements are specified for 5 cases includes FDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + TDD 15 kHz CA, TDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + FDD 15 kHz CA, TDD 30 kHz + TDD 30 kHz CA. And applicability rules between CA scenario with TDD 15 kHz SCS and CA scenario with TDD 30 kHz SCS are introduced. In case UE supports different SCS on different carriers for FDD-TDD CA, FDD 15 kHz + TDD 30 kHz will be testes, otherwise FDD 15 kHz + TDD 15 kHz. TDD 30 kHz + TDD 30 kHz will be tested in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz. There is 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 on PDSCH CA normal demodulation requirements. 
Observation 2: according to the agreements in Rel-16 WI on NR performance requirement enhancement, for PDSCH CA normal demodulation requirements, there is 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.
· In Rel-16, 5 SCCS configurations are covered: FDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + TDD 15 kHz CA, TDD 15 kHz + TDD 30 kHz CA, FDD 15 kHz + FDD 15 kHz CA, TDD 30 kHz + TDD 30 kHz CA
· In Rel-16, for PDSCH CA normal demodulation requirements, applicability rules between CA scenario with TDD 15 kHz SCS and CA scenario with TDD 30 kHz SCS are introduced:

· In case UE supports different SCS on different carriers for FDD-TDD CA, FDD 15 kHz + TDD 30 kHz will be testes, otherwise FDD 15 kHz + TDD 15 kHz.

· TDD 30 kHz + TDD 30 kHz will be tested in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz
In the last meeting, it was agreed that at least FDD 15 kHz + FDD 15 kHz CA, TDD 30 kHz + TDD 30 kHz CA and FDD 15 kHz + TDD 30 kHz CA are covered, FFS for FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA. In Rel-16, all these 5 configurations are covered, we prefer to follow the agreements in Rel-16. 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. Alternatively, if companies have strong concern on the cases with TDD 15KHz, we can compromise to preclude FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA, but in this case, we are not OK to reuse CA CQI applicability rule to PDSCH CA normal demodulation requirements, since in Rel-16 we do not have such applicability rule for PDSCH CA normal demodulation requirements and we do not see the necessity to have it in high speed train scenario.
Proposal 2: for SCS configuration for CA scenario to be considered and applicability rule for SCS configuration, we provide two options to move forward:

· Option 1: FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA are covered, 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 2: FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA are precluded, 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. it is not preferred to reuse CA CQI applicability rule to PDSCH CA normal demodulation requirements)
2.3 Release independent

High speed scenario is an important deployed scenario. And the improvement of UE experience is necessary. Rel-16 NR HST focusing on single carrier scenario is release independent from Rel-15. Considering carrier aggregation is necessary to improve the throughput, it is proposed to introduce Rel-17 FR1 HST RRM enhancement from Rel-15. Another consideration is that HST SFN single carrier requirements are release independent from Rel-15 as well as normal PDSCH CA requirements, it is feasible to support that HST PDSCH CA requirements are release independent from Rel-15.
Proposal 3: it is proposed that Rel-17 FR1 HST PDSCH CA requirements are release independent from Rel-15.
3. Conclusion
This contribution provides discussion on UE demodulation for NR HST CA scenario. And the observations and proposals are:
DPS
Observation 1: HST-SFN joint transmission scheme and DPS transmission scheme are different transmission schemes, it is doubtful to say that passing one test implies also passing the other test.

· Based on discussion in Rel-16 NR HST WI, different UE have different implementation on the frequency tracking of these two transmission schemes

· DPS scheme provides better performance, while HST-SFN joint transmission scheme requires advanced receiver. 

Proposal 1: considering that HST-SFN joint transmission scheme and DPS transmission scheme are different transmission schemes, not sure whether we can specify the applicability rule between HST-SFN joint transmission scheme and DPS transmission scheme for CA scenario.
SCS configuration

Proposal 2: for SCS configuration for CA scenario to be considered and applicability rule for SCS configuration, we provide two options to move forward:

· Option 1: FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA are covered, 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 2: FDD 15 kHz + TDD 15 kHz CA and TDD 15 kHz + TDD 30 kHz CA are precluded, 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. it is not preferred to reuse CA CQI applicability rule to PDSCH CA normal demodulation requirements)
Release independent
Proposal 3: it is proposed that Rel-17 FR1 HST PDSCH CA requirements are release independent from Rel-15.
4. Reference
[1] R4-2103876, WF on UE demodulation for FR1 HST, CMCC
[2] RP-210833, Revised WID on enhanced NR support for high speed train scenario for frequency range 1 (FR1), CMCC
[3] R4-2008820, WF on UE demodulation for NR HST, CMCC

[4] R4-2005546, Way forward on PDSCH CA normal demodulation requirements, Intel Corporation
