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Background
During RAN4#100-e meeting, way forward [1] on NR FR1 HST demodulation requirements was approved. In this contribution, we share our views about the demodulation requirements for NR UE HST FR1 CA scenarios.
Discussion
Applicability rule between SFN and DPS
	· Option 1: 
· When UE declares the capability demodulationEnhancement-r16, UE need to pass HST-SFN JT for CA. UE can skip HST-DPS for CA
· When UE does not declare the capability demodulationEnhancement-r16, UE need to pass HST-DPS for CA. UE can skip HST-SFN for CA.
· Option 2: Distribute the HST CA test cases into different SCS combinations. it can be ensured that performance under both HST-SFN CA and HST-DPS CA are verified by this compromise way
	UE capability
	Cases to be tested

	demodulationEnhancement-r16
	more than 1 SCS configurations
	more than 1 CC can track 2 active TCI states
	FDD 15 + TDD 30
	and/or
	TDD 30 + TDD 30

	x
	x
	x
	DPS 1a
	or
	DPS 1a

	x
	x
	√
	DPS 1b
	or
	DPS 1b

	x
	√
	x
	DPS 1a
	and
	DPS 1a

	x
	√
	√
	DPS 1b
	and
	DPS 1b

	√
	x
	x
	SFN and DPS 1a
	or
	SFN and DPS 1a

	√
	x
	√
	SFN and DPS 1b
	or
	SFN and DPS 1b

	√
	√
	x
	SFN
	and
	DPS 1a

	√
	√
	√
	SFN
	and
	DPS 1b






It is RAN4’s common understanding that “better performance and no advanced received required for DPS comparing to SFN”. So the question can be raised that why UE uses more complex processing to achieve worse performance. To achieve better performance under HST-SFN, based on RAN1 Rel-17 eMIMO agreements, DL Doppler pre-compensation or distributed TRS can be applied. Considering the RAN1 enhancement for HST-SFN and RAN4 HST-SFN CA are both Rel-17 features, the application scenario for normal HST-SFN is very limited.
Considering the RAN1 enhancement for HST-SFN and RAN4 HST-SFN CA are both Rel-17 features, the application scenario for normal HST-SFN is very limited.
[bookmark: _GoBack]Also, we don’t agree some companies’ argument that “it is very unlikely that UE supporting HST-SFN will fail HST-DPS test since HST-SFN demod algorithm is much more advanced”. In our view, very different algorithms for the two transmission schemes may be used.
For Option 1, our concern is that DPS CA performance cannot be guaranteed. We prefer to define applicability rule that UE has passed DPS CA requirements can skip SFN CA requirements. We think that it is also feasible that UE can select one scheme for CA scenarios to test.
To move forward, we can compromise to distribute the HST CA test cases into different SCS combinations to ensure that performance under both HST-SFN CA and HST-DPS CA are verified, that means SFN CA should be tested for FDD 15kHz + TDD 30kHz case and DPS CA should be tested for TDD 30kHz + TDD 30kHz case if UE has the corresponding capability. We also clarify that in Option 2 the UE capability should be the new one (e.g. demodulationEnhancement-r17) rather the one defined in Rel-16 (demodulationEnhancement-r16). The discussion about the UE capability for HST-SFN CA are in the following clause 2.2.
Distribute the HST CA test cases into different SCS combinations to ensure that performance under both HST-SFN CA and HST-DPS CA are verified, that means SFN CA should be tested for FDD 15kHz + TDD 30kHz case and DPS CA should be tested for TDD 30kHz + TDD 30kHz case if UE has the corresponding capability.
	UE capability
	Cases to be tested

	demodulationEnhancementCA-r17
	more than 1 SCS configurations
	more than 1 CC can track 2 active TCI states
	FDD 15 + TDD 30
	and/or
	TDD 30 + TDD 30

	x
	x
	x
	DPS 1a
	or
	DPS 1a

	x
	x
	√
	DPS 1b
	or
	DPS 1b

	x
	√
	x
	DPS 1a
	and
	DPS 1a

	x
	√
	√
	DPS 1b
	and
	DPS 1b

	√
	x
	x
	SFN and DPS 1a
	or
	SFN and DPS 1a

	√
	x
	√
	SFN and DPS 1b
	or
	SFN and DPS 1b

	√
	√
	x
	SFN
	and
	DPS 1a

	√
	√
	√
	SFN
	and
	DPS 1b



UE capability for HST-SFN CA
	· Option 1: 
· Define UE capability for HST-SFN CA, such as demodulationEnhancementCA-r17 (This capability can be release independent from Rel-15), that is different from the capability of demodulationEnhancement-r16 for HST-SFN single carrier
· The granularity is per band to allow UE to report the supporting HST-SFN CA in some bands
Other option is not precluded



In our view, due to the very complex baseband processing for HST-SFN, a specific UE capability demodulationEnhancement-r16 is introduced to distinguish different UE processing capability. Processing larger channel bandwidth also require high UE processing capability from the power consumption, processing resource and buffer point of view. If these two features are combined together, it is very high challenge for some UE to handle. It is unreasonable to do the simple addition operation with implementation of more and more features introduced in the future and assume a Rel-15/16 UE must support all Rel-17 features. So we propose to define UE capability for HST-SFN CA, such as demodulationEnhancementCA-r17 (This capability can be release independent from Rel-15), that is different from the capability of demodulationEnhancement-r16 for HST-SFN single carrier. For the reporting granularity, we prefer to report per band to allow UE to report the supporting HST-SFN CA in some bands.
Define UE capability for HST-SFN CA, such as demodulationEnhancementCA-r17 (This capability can be release independent from Rel-15), that is different from the capability of demodulationEnhancement-r16 for HST-SFN single carrier. The granularity is per band to allow UE to report the supporting HST-SFN CA in some bands
Applicability rule between single carrier and CA
	· Option 1：
· UE skip single carrier test case if it explicitly passes corresponding CA test case
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16. 
· FFS: UE need to pass Rel-16 HST-DPS single carrier test according to the capability of active TCI state handling
· UE need to pass Rel-16 FDD HST single tap test.
· UE can skip Rel-16 TDD and Rel-15 HST single tap test.

· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16.
· FFS: UE don’t need to pass Rel-16 HST-SFN JT single carrier test if UE does not have the capability demodulationEnhancement-r16
· FFS: UE need to pass Rel-16 HST-SFN JT single carrier test if UE have the capability demodulationEnhancement-r16
· UE need to pass Rel-16 FDD HST single tap test.
· UE can skip Rel-16 TDD and Rel-15 HST single tap tests.
· Other options are not precluded
Option 1 is baseline assumption.



The remaining issue is that whether UE pass one of CA requirements for DPS and SFN should pass another for single carrier. In our view, for the certain SCS configuration, at least one case for CA and one case for single carrier should be tested, at the same time at least one case for HST-DPS and one case for HST-SFN should be tested, if the UE has the corresponding capability. Considering the discussion in the issue of applicability rule between SFN and DPS, we propose to adopt Option 1 for certain SCS combination.
For certain SCS combination, Option 1 should be adopted.
Release independent
	· Option 1: Rel-17 FR1 HST PDSCH CA requirements are release independent from Rel-15.
· Option 2: Do not define release independent from Rel-15 for HST PDSCH CA requirements
· Option 3: 
· HST-DPS CA requirements are release independent from Rel-15
· HST-SFN CA requirements are applicable from Rel-17
· Option 4: Rel-17 FR1 HST PDSCH CA requirements can be release independent from Rel-15, if Rel-17 RRM requirements for HST are defined release independent from Rel-15.



In Rel-16 LTE HST enhancement WI, highSpeedEnhMeasFlagSCell is introduced for RRM SCell measurement enhancement. Currently in Rel-17 NR HST WI, whether RRM measurement enhancement for SCell to be specified is still under discussion, maybe stricter RRM measurement requirements will be specified that is a higher challenge to UE implementation. It may be strange for a Rel-15 UE to support demodulation part but not support RRM part for HST CA.
From the demodulation part we also need to further discuss whether additional capability signalling is required for demodulation for HST-SFN JT CA. In addition, considering the complicated processing for HST CA, it can’t be ensured that some Rel-15 UE supporting HST and CA features can work in Rel-17 HST CA. We can’t limit those UEs to report not supporting HST features then lead to the performance degradation in HST scenario. Therefore, we prefer to not define release independent from Rel-15 for HST PDSCH CA requirements. 
To move forward, we also propose the compromised solution that define release independence from Rel-15 for HST-DPS CA requirement and define release independence from Rel-17 for HST-SFN CA requirements
Define release independence from Rel-15 for HST-DPS CA requirements and define release independence from Rel-17 for HST-SFN CA requirements
Simulation large span
	· Since huge performance gap for HST-SFN is still observed, companies are encouraged to check the summary on simulation results (R4-2113455) and come back in the next meeting if necessary
· RAN4 discuss how to derive the final PDSCH demodulation requirements for the test cases where the result span of the ideal results among companies’ is larger than [2.5] dB:
· Option 1: RAN4 does not consider the farthest result(s) from the ideal AVERAGE value, until the span becomes [2.5] dB or less. The final requirements are derived from AVERAGE impairment results with the corresponding ideal results whose span is within [2.5] dB
· Option 2: RAN4 does not consider the smallest result(s) from the ideal AVERAGE value, until the span becomes [2.5] dB or less. The final requirements are derived from AVERAGE impairment results with the corresponding ideal results whose span is within [2.5] dB
· Option 3: The results farthest from the AVERAGE value is taken out for the AVERAGE and SPAN re-calculation until the ideal span is <= [2.5] dB but still with at least 3 companies’ results available
· Other options are not precluded.
· Note: The threshold, [2.5] dB, can be discussed in RAN4#101-e.



For the large span issue, we prefer to remove the farthest result(s) from the ideal AVERAGE value, until the span becomes 2.5 dB or less, like other WIs did.
RAN4 does not consider the farthest result(s) from the ideal AVERAGE value, until the span becomes 2.5 dB or less. The final requirements are derived from AVERAGE impairment results with the corresponding ideal results whose span is within 2.5 dB
Proposals
In this contribution, we discuss on demodulation performance for NR UE HST FR1 CA scenarios. Our observations and proposals are:
1. Considering the RAN1 enhancement for HST-SFN and RAN4 HST-SFN CA are both Rel-17 features, the application scenario for normal HST-SFN is very limited.
1. Distribute the HST CA test cases into different SCS combinations to ensure that performance under both HST-SFN CA and HST-DPS CA are verified, that means SFN CA should be tested for FDD 15kHz + TDD 30kHz case and DPS CA should be tested for TDD 30kHz + TDD 30kHz case if UE has the corresponding capability.
	UE capability
	Cases to be tested

	demodulationEnhancementCA-r17
	more than 1 SCS configurations
	more than 1 CC can track 2 active TCI states
	FDD 15 + TDD 30
	and/or
	TDD 30 + TDD 30

	x
	x
	x
	DPS 1a
	or
	DPS 1a

	x
	x
	√
	DPS 1b
	or
	DPS 1b

	x
	√
	x
	DPS 1a
	and
	DPS 1a

	x
	√
	√
	DPS 1b
	and
	DPS 1b

	√
	x
	x
	SFN and DPS 1a
	or
	SFN and DPS 1a

	√
	x
	√
	SFN and DPS 1b
	or
	SFN and DPS 1b

	√
	√
	x
	SFN
	and
	DPS 1a

	√
	√
	√
	SFN
	and
	DPS 1b



Define UE capability for HST-SFN CA, such as demodulationEnhancementCA-r17 (This capability can be release independent from Rel-15), that is different from the capability of demodulationEnhancement-r16 for HST-SFN single carrier. The granularity is per band to allow UE to report the supporting HST-SFN CA in some bands
For certain SCS combination, Option 1 should be adopted.
Define release independence from Rel-15 for HST-DPS CA requirements and define release independence from Rel-17 for HST-SFN CA requirements
RAN4 does not consider the farthest result(s) from the ideal AVERAGE value, until the span becomes 2.5 dB or less. The final requirements are derived from AVERAGE impairment results with the corresponding ideal results whose span is within 2.5 dB
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