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Introduction
In Rel-16 NR WI on support of high speed train conditions, the enhanced RRM and demodulation requirements were specified to guarantee reliable performance with up 500km/h UE speed and up to 3.6 GHz carrier frequency. Requirements were defined for different scenarios covering both DL and UL. Same time further enhancements can be made to improve system performance. First of all, during Rel-16 only single carrier requirements were defined. To increase max achievable throughput carrier aggregation (CA) can be adopted. Therefore, corresponding performance requirements should be defined. Besides that, due to lack of time in Rel-16, multi-DCI based multi-TRP Tx scheme was discussed only for low mobility conditions. However, potentially it can bring benefits also for high mobility in multi-RRH deployment. To address these aspects. it was agreed to discuss them in Rel-17 FR1 enhance HST WI. The following objectives on demodulation performance part are captured in WID[1]:
	· CA scenario
· Specify the UE demodulation requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST for HST-SFN conditions.
· Enhanced transmission schemes for NR HST demodulation
· Study and specify if needed the UE demodulation requirements and for transmission scheme 2 (PDSCHs are transmitted from two or more adjacent TRPs scheduled by multi-DCI)


In this paper we provide our view on PDSCH CA requirements introduction for HST scenarios. In our companion paper we share initial analysis on multi-DCI based Tx scheme applicability for multi-RRH deployment[2].
Discussion
Rel-16 Normal CA methodology
Normal NR PDSCH CA requirements are defined in Rel-16. In general, there are only few remaining open issues to complete requirements introduction, so we can consider it as a stable framework.
Norma CA requirements are defined for intra-band and inter band CA and for all channel bandwidths supported in Rel-15. All typical CA duplex modes for FR1 were considered as:
1. FDD 15 kHz + FDD 15 kHz 
2. TDD 30 kHz + TDD 30 kHz
3. FDD 15 kHz + TDD 30 kHz
4. FDD 15 kHz + TDD 15 kHz
5. TDD 15 kHz + TDD 30 kHz
There are several applicability rules were defined to reduce the test efforts and address different UE capabilities. Per each duplex mode combination only one test case can be performed depending on UE capability/supported scenarios:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz
For intra-band CA capability only one test case is applied for contiguous CA and one test case for non-contiguous CA for configuration with the maximum number of aggregated CCs with Rank 2 support and with the largest aggregated channel bandwidth. For inter-band CA one or two configurations will be tested depending on UE capability on supported channel bandwidths and number of aggregated CCs. It is completely another story comparing to LTE CA testing framework, where test should be performed for each supported CA configuration in terms of number of aggregated CCs.
The following framework allows to select one or two CA configuration for test:
· Step 1: Select CA configuration(s) with the maximum number of CCs for which the supported maximum number of MIMO layers is not lower than 2.
· Step 2: Select any one of CA configurations, which contain CA bandwidth combination with the largest aggregated channel bandwidth and supported max data rate is not lower than the date rate corresponding to using of 2 layers and MCS 13, among all the selected CA configurations from Step 1
· Step 3 (only for inter-band): If selected CA configuration in Step 2 corresponds to inter-band scenario with the largest number of bands then stop selection procedure and use only this CA configuration for testing. Otherwise, go to Step 4 to select the second CA configuration for testing.
· Step 4 (only for inter-band): Select CA configuration(s) corresponds to inter-band scenario with the largest number of bands and repeat Steps 1 and 2.
Rel-17 HST CA testing
CA testing methodology
Normal PDSCH CA testing methodology covers all typical CA configurations and can be applied for UEs with different capabilities. Agreed framework for CA configuration selection reasonably limits the test efforts without loss of test coverage. For HST CA it is straightforward to use the same methodology. Moreover, considering that between HST and normal test cases there is only demodulation processing difference we can try to reduce the HST CA test efforts since UE anyway has to pass normal CA requirements. 
Proposal #1: 	For HST PDSCH CA tests use same framework for CA configuration selection as defined for normal PDSCH CA tests. 
CQI CA test cases are defined for reduced number of CA duplex modes. Similar approach can be used for HST CA requirements.
Proposal #2: 	Define HST PDSCH CA requirements only for the following CA duplex modes:
· FDD 15 kHz + FDD 15 kHz 
· TDD 30 kHz + TDD 30 kHz
· FDD 15 kHz + TDD 30 kHz

Besides reduced number of CA duplex modes for CA CQI requirements it was also agreed to define applicability rule among them to test only one mode with FDD 15 kHz SCS: 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. For HST CA we also suggest using this applicability rule.
Proposal #3: 	For HST PDSCH CA tests 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. 

From channel bandwidth perspective we suggest keeping all Rel-15 bandwidth and define requirements for each of them. Otherwise we may face a maintenance problem in future if some prioritization for the most typical bandwidths will be made. 
Proposal #4: 	Define HST PDSCH CA requirements for all supported in Rel-15 channel bandwidths.

HST SFN single carrier requirements are release independent from Rel-15 as well as normal PDSCH CA requirements. In this case HST CA requirements can be also release independent from Rel-15.
Proposal #5: 	Make HST PDSCH CA requirements release independent from Rel-15. 

Simulation assumptions
HST single carrier requirements cover different Tx schemes and propagation conditions. For HST-SFN deployment there are requirements for JT and DPS Tx schemes. Also, there are requirements for HST Single Tap and multi-path fading channel model. Same time in WID it is captured that HST CA requirements should be defined only for HST-SFN deployment. HST Single tap channel model is not realistic model and is mainly used to functional verification of proper frequency tracking in high mobility conditions. As for multi-path propagation conditions with high UE mobility we can assume that normal CA requirements + single carrier HST requirement can cover CA operation in HST fading conditions.
Supporting of HST-SFN JT is an optional UE feature comparing to HST-SFN DPS with one active TCI state. In this case to have sufficient test coverage we need to define CA requirements for both scenarios. As for DPS requirements with different number of active TCI states, from CA testing perspective it is enough to define requirements only for scenario with one active TCI state.
To reduce test efforts some applicability rule can be considered if UE supports both JT and DPS. Another possible alternative is to skip corresponding single carrier test cases if UE have passed CA requirements. 
Proposal #6: 	Define HST CA requirements only for HST-SFN JT and HST-SFN DPS with one active TCI state. Further discuss applicability rule to reduce the test efforts. 

[bookmark: _GoBack]MCS 13 with Rank 2 was selected for Normal CA requirements as one of the typical scenarios. Same MCS and Rank is used for HST-SFN JT requirements. In this case we suggest considering same MCS and Rank configuration for HST-SFN JT CA requirements as in single carrier requirements. For DPS Tx scheme MCS 17 with Rank 2 is used for singe carrier requirements and can be also reused for CA requirements.
As for other simulation assumptions like PDSCH, DMRS, CSI-RS configuration, TDD pattern and channel model parameters it is straightforward to reuse single carrier configuration. 
Proposal #7: 	Use same PDSCH, PDSCH DMRS, MCS, Rank, CSI-RS configurations, TDD pattern and channel model parameters for HST CA requirements as in corresponding single carrier requirements.

Same TDD pattern for 30 kHz SCS is used in normal CA requirements as in HST single carrier requirements. Therefore, HARQ process number and k1 values can be reused for HST CA requirements from normal CA requirements.
Proposal #8: 	Reuse HARQ process number and k1 values for HST CA requirements as in normal CA requirements.

In normal CA requirements there is an applicability rule to select CC for Pcell configuration during the test. It is defined for different CA duplex modes and SCS configurations. For FDD-TDD CA case we can also reuse corresponding applicability rule.
Proposal #9: 	Use same applicability rule for Pcell configuration for HST CA requirements as in normal CA requirements.
Conclusion
In this contribution we provide our views on NR HST CA requirements introduction. In summary, we make the following proposals:
Proposal #1: 	For HST PDSCH CA tests use same framework for CA configuration selection as defined for normal PDSCH CA tests. 
Proposal #2: 	Define HST PDSCH CA requirements only for the following CA duplex modes:
· FDD 15 kHz + FDD 15 kHz 
· TDD 30 kHz + TDD 30 kHz
· FDD 15 kHz + TDD 30 kHz
Proposal #3: 	For HST PDSCH CA tests 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. 
Proposal #4: 	Define HST PDSCH CA requirements for all supported in Rel-15 channel bandwidths.
Proposal #5: 	Make HST PDSCH CA requirements release independent from Rel-15. 
Proposal #6: 	Define HST CA requirements only for HST-SFN JT and HST-SFN DPS with one active TCI state. Further discuss applicability rule to reduce the test efforts. 
Proposal #7: 	Use same PDSCH, PDSCH DMRS, MCS, Rank, CSI-RS configurations, TDD pattern and channel model parameters for HST CA requirements as in corresponding single carrier requirements.
Proposal #8: 	Reuse HARQ process number and k1 values for HST CA requirements as in normal CA requirements.
Proposal #9: 	Use same applicability rule for Pcell configuration for HST CA requirements as in normal CA requirements.
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