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[bookmark: _GoBack]During RAN1#98bis meeting, SUO for both single TX UE and dual TX UE has made a significant progress [1]. In this contribution, we present our analysis on the following remaining issues.
1. Collision issue for single TX UE with LTE TDD PCell;
2. Switching time for UE with single PA;
3. RRC parameters
Discussion
Collision issue for single TX UE with LTE TDD PCell
During RAN1#98bis meeting, the following agreements have been made [1]. 
	Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE



For EN-DC with LTE FDD PCell, for single TX UE capable of dynamic power sharing, all uplink subframes can be scheduled for LTE. In case of collision, NR transmission is dropped when LTE and NR uplink transmission collide. For EN-DC with LTE FDD PCell, for dual TX UE capable of dynamic power sharing, all uplink subframes can be scheduled for LTE. There is no uplink transmission collision issue for dual TX UE.
For UEs incapable of dynamic power sharing, the UE behavior is the same as that defined in Rel 15, i.e., UE is only allowed to transmit uplink transmission in uplink subframes designated by DL-reference configuration.
The remaining issue is how to handle the uplink transmission collision for single TX UE for EN-DC with LTE TDD PCell. For consistence, the same rule of LTE FDD PCell can be reused for LTE TDD PCell. However, we still have concern that NR performance may be impacted if NR uplink transmission is always dropped in case of uplink collision.
Proposal 1: Further discuss collision issue for single TX UE with LTE TDD PCell.
Switching time of LTE UL and NR UL
During RAN1#96bis, company raised an issue that the switching time between LTE UL and NR UL is not negligible for SUO UE with single PA [2]. According to TS 38.101-3, the uplink switching time for a UE incapable of dual PA is 120 us, which is of about 2 symbols length in 15 KHz numerology. One potential solution has been proposed, i.e., for type 1 UE incapable of dual PA, LTE PUSCH is only allowed in the UL subframes designated as UL in DL-reference configuration [2]. If LTE PUSCH is restricted within UL subframes designated as UL in DL-reference configuration, it is beneficial for network to avoid the impact of uplink switching time by scheduling in NR side.
Proposal 2: For type 1 UE incapable of dual PA, LTE PUSCH is only allowed in the UL subframes designated as UL in the DL-reference configuration.
RRC parameters
Based on the existing agreements, there are at least three different UE behaviours.
	Type
	UE behaviour
	RRC parameter

	Type A UE behaviour

Rel-15 single TX UE with LTE FDD PCell
	1. LTE uplink is restricted within the uplink subframes designated by DL-reference configuration;
2. HARQ offset is a mandatory IE within tdm-PatternConfig-r15
	tdm-PatternConfig-r15

	Type B UE behaviour

Rel-16 dual TX UE with LTE FDD PCell
	1. LTE uplink is NOT restricted within the uplink subframes designated by DL-reference configuration;
2. HARQ offset should be a mandatory IE within tdm-PatternConfig-r16
	 tdm-PatternConfig-r16

	Type C UE behaviour

Rel-16 single TX UE with LTE TDD PCell
	1. LTE uplink (at least for PUSCH) is NOT restricted within the uplink subframes designated by DL-reference configuration;
2. HARQ offset is an optional UE feature for type 1 UE, in this case, HARQ-offset should be an optional IE within tdm-PatternConfig-r15/16 or HARQ-offset shall be set as 0 for UEs not supporting HARQ-offset.
	FFS



For type A UE behaviour, Rel-15 has finalized the RRC signalling, i.e., tdm-PatternConfig-r15. For type B UE behaviour, an explicit agreement has been made to introduce tdm-PatternConfig-r16. Then for type C UE behaviour, it is not clear whether tdm-PatternConfig-r15 or tdm-PatternConfig-r16 should be applied. Another way is to introduce a separate RRC parameter just for type C UE behaviour.
If we compare type A and type C UE behaviour, the UE behaviours regarding uplink transmission and HARQ-offset are both different. While comparing type B and type C UE behaviour, at least the UE behaviours regarding the uplink transmission are the same, i.e., all uplink subframes can be scheduled for LTE for type 1 UEs. From this perspective, it may be better to apply tdm-PatterConfig-r16 for type C UE. If type B and type C UE behaviours share the same RRC IE, i.e., tdm-PatternConfig-r16, then HARQ-offset should be set as an optional child IE of tdm-PatternConfig-r16 or HARQ-offset shall be set as 0 for UEs not supporting HARQ-offset.
Proposal 3: Further discuss RRC parameter for Rel-16 single TX UE with LTE TDD PCell.
Conclusion
To sum up, the following proposals are presented in this contribution.
Proposal 1: Further discuss collision issue for single TX UE with LTE TDD PCell.
Proposal 2: For type 1 UE incapable of dual PA, LTE PUSCH is only allowed in the UL subframes designated as UL in the DL-reference configuration.
Proposal 3: Further discuss RRC parameter for Rel-16 single TX UE with LTE TDD PCell.
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