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Introduction
RAN2 asks guidance from RAN4 and RAN1 on E-UTRA – NR UL sharing applicability especially for FDD bands in the LS [1]. The following questions are asked from RAN4:
	ACTION: 	RAN2 respectfully asks RAN4 to provide answers to the following questions:
1. Is the shared E-UTRA-NR FDD carrier supported in RAN4, i.e. the case where both FDD DL carrier and FDD UL carrier are shared from UE perspective by E-UTRA and NR?
1. Does the UL sharing from UE perspective need to be supported together with any DL sharing capabilities that are required the shared E-UTRA-NR FDD carrier case?
1. If the answer of previous question is “Yes”, RAN2 might discuss how the corresponding capability is handled to avoid any NBC changes and any information related to that decision would be useful to RAN2.
1. How should RAN2 refer to RAN4 specification to indicate conditions when UE is required to support ul-SwitchingTimeEUTRA-NR? Specifically, does the ul-SwitchingTimeEUTRA-NR apply to both TDM based E-UTRA-NR in UL sharing from UE perspective and intra-band contiguous scenario in adjacent channels when single UL transmission is allowed between E-UTRA and NR UL?
1. Is it mandatory for UE to report switching time type for an intra-band contiguous EN-DC band combination via the capability ul-SwitchingTimeEUTRA-NR if UE requires single UL transmission for that band combination?



In this contribution we discuss the RAN2 questions and provide answes from the RAN4 perspective. 
Discussion
The latest RAN4 UE feature list for REL-15 NR in [2] contains the following UL carrier sharing related features. In the table we have highlighted the parts that are related to the applicability of UL sharing related features.

	#
	Feature group
	Components
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	Need of FR1/FR2 differentiation
	Remarks
	Recommendation for TSG-RAN
	TSG-RAN decision

	1-10
	Support of EN-DC with LTE-NR coexistence in UL sharing from UE perspective
	1) LTE and NR UL Transmission in the shared carrier via TDM only

2) LTE and NR UL Transmission in the shared carrier via FDM only

3) LTE and NR UL transmission in the shared carrier via FDM or TDM
	UE does not support of EN-DC with LTE-NR coexistence in UL sharing from UE perspective
	Type 3 (per band combination)
	Applicable only to FR1
	
	Optional
	Optional

	1-11
	Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective
	Support of switching type between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective. 
Type 1: <0.5us
Type 2: <20us
	UE does not support UL subcarrier alignment between LTE and NR for EN-DC with LTE-NR coexistence in UL
	Type 3 (per band combination)
	Applicable only to FR1
	This feature is the switching time between LTE UL and NR UL in the same carrier

Per band combination signalling (Type 3)

UE Capability signalling elements. 
1: <0.5us switching type.
2: <20us switching type. 

	

	Mandatory to report switching time type 1 or type 2 if UE reports its capability in 1-10 as 1) LTE and NR UL Transmission in the shared carrier via TDM only, or 3) LTE and NR UL transmission in the shared carrier via FDM or TDM

	1-12
	7.5kHz UL raster shift
	1) 7.5kHz UL raster shift
	UE does not support 7.5kHz UL raster shift
	N/A
	No need
	
	Mandatory in the SUL bands with uplink sharing either from UE perspective or from network perspective

7.5KHz raster shift as mandatory without capability signalling. 7.5kHz UL raster shift is mandatory in Bands n1, n2, n3, n5, n7, n8, n20, n28, n66. RAN4 can revisit the above bands in the future release. 7.5KHz raster shift is not mandatory for other LTE refarming band except the bands which were agreed to support 7.5kHz UL raster shift as mandatory


	Mandatory in the SUL bands with uplink sharing either from UE perspective or from network perspective

7.5KHz raster shift as mandatory without capability signalling. 7.5kHz UL raster shift is mandatory in the uplink of all FDD bands defined in Table 5.2-1 of TS38.101-1. RAN4 can revisit the above bands in the future release. 7.5KHz raster shift is not mandatory for other LTE refarming band except the bands which were agreed to support 7.5kHz UL raster shift as mandatory





The RAN4 UE feature list clearly shows that RAN4 has decided that UL sharing including UL sharing from the UE perspective is not only defined for SUL bands but also for FDD bands. 
For DL sharing RAN2 indicated UE capabilities, which could be related for DL. However, RAN2 did not include the additionalDMRS-DL-Alt UE capability that was introduced for downlink sharing purposes in addition to the rateMatchingLTE-CRS to allow using the second DMRS symbol on a shared carrier. Even if this is not in the center of RAN2 questions, it would be good to include in the discussion.
	additionalDMRS-DL-Alt
Indicates whether the UE supports the alternative additional DMRS position for co-existence with LTE CRS.
	FS
	No
	No
	No




The following UE capabilities and UE features were introduced by RAN1 for enabling DL carrier sharing:
rateMatchingLTE-CRS: This was introduced for RE-level co-existence with LTE CRS for the NR PDSCH to be able to rate match around the LTE CRS REs on a shared downlink carrier.
rateMatchingResrcSetSemi-Static: This was introduced for the NR PDSCH to be able to rate-match around other users’ CORESET, for future compatibility purposes, as well as for symbol-level co-existence with LTE CRS for the NR PDSCH to be able to rate match around the LTE CRS symbols on a shared downlink carrier.
[bookmark: _Hlk4620832]rateMatchingResrcSetDynamic: This was introduced for future compatibility purposes, and it could be used for more efficient symbol-level co-existence with LTE CRS than the semi-static capability in the case that not all LTE sub-frames carry CRS. Note that there is a separate capability for UE to rate match dynamically around other users’ CORESET not relevant to DL sharing.
additionalDMRS-DL-Alt: This was introduced for LTE and NR downlink sharing purposes for NR to coexist with LTE CRS, and it is applicable to the NR carrier, regardless of whether the UE is also receiving the LTE carrier. Without this capability it is not possible to use additional PDSCH-DMRS on an NR carrier coexisting with LTE CRS.
Based on the discussions above we propose the following answers to the first two RAN2 questions:
1. Is the shared E-UTRA-NR FDD carrier supported in RAN4, i.e. the case where both FDD DL carrier and FDD UL carrier are shared from UE perspective by E-UTRA and NR?
Draft answer to RAN2: Yes, RAN4 has defined UL carrier sharing including UL sharing from the UE perspective both for SUL and FDD bands. DL carrier sharing is introduced by RAN1 related UE features and capabilities and thus, transparent in the RAN4 specifications. 
2. Does the UL sharing from UE perspective need to be supported together with any DL sharing capabilities that are required the shared E-UTRA-NR FDD carrier case?
[bookmark: _Hlk5041053]Draft answer to RAN2: Draft answer to RAN2: Yes, for enabling EN-DC operations for the shared DL and UL E-UTRA - NR carriers with E-UTRA and NR FDD bands the UE needs to support both UL sharing from the UE perspective and DL sharing. This can be achieved by UE indicating ul-SharingEUTRA-NR for UL sharing and e.g. rateMatchingLTE-CRS for DL sharing. 

In the LS [1] RAN2 asks RAN4 specification references for the E-UTRA and NR switching time mask requirements  and need for UE to report switching type for intra-band contiguous EN-DC band combination. In the latest specification version of TS38.101-3 RAN4 has now divided UE EN-DC Output power dynamics requirements for UL sharing from UE perspective, intra-band EN-DC without dual PA capability and intra-band EN-DC with dual PA capability to separate sub-sections as follows; 
6.3B.1	Output power dynamics for EN-DC with UL sharing from UE perspective
6.3B.2	Output power dynamics for intra-band EN-DC without dual PA capability
6.3B.3	Output power dynamics for intra-band EN-DC with dual PA capability
After the latest specification updates RAN4 does not any longer refer to Type 1 and Type2 switching times in the intra-band EN-DC requirements but rather differentiate two sets of intra-band EN-DC switching time requirements based on the dual PA capability. Thus, based on the latest changes in TS38.101-3 the UE is no longer required to use ul-SwitchingTimeEUTRA-NR capability for differentiating between two sets of switching time requirements for intra-band EN-DC. However, it is worth noting and informing RAN2 that in the December 2018 version of TS38.101-3 switching time capabilities; Type 1 and Type 2 were also also used for differentiating intra-band EN-DC switching times. 
4. How should RAN2 refer to RAN4 specification to indicate conditions when UE is required to support ul-SwitchingTimeEUTRA-NR? Specifically, does the ul-SwitchingTimeEUTRA-NR apply to both TDM based E-UTRA-NR in UL sharing from UE perspective and intra-band contiguous scenario in adjacent channels when single UL transmission is allowed between E-UTRA and NR UL?
Draft answer to RAN2: E-UTRA and NR switching time mask requirements are defined in the sub-sections of  Section 6.3 ‘Output power dynamics’ of TS38.101-3. The following three different types of E-UTRA and NR switching time mask requirements are defined in the March 2019 version of TS38.101-3; 
6.3B.1	Output power dynamics for EN-DC with UL sharing from UE perspective
6.3B.2	Output power dynamics for intra-band EN-DC without dual PA capability
6.3B.3	Output power dynamics for intra-band EN-DC with dual PA capability

5. Is it mandatory for UE to report switching time type for an intra-band contiguous EN-DC band combination via the capability ul-SwitchingTimeEUTRA-NR if UE requires single UL transmission for that band combination?
Draft answer to RAN2: In the current version of TS38.101-3 only E-UTRA and NR switching time mask requirements for TDM based UL sharing from the UE perspective are using switching time capabilities; Type 1 and Type 2 for differentiating different UE E-UTRA and NR switching time performances. Different intra-band EN-DC E-UTRA and NR switching time mask requirements are differentiated using dual PA capability. RAN4 would, however, like to note from the backwards compatibility perspective that in the December 2018 version of TS38.101-3 UE E-UTRA – NR switching time capability Types 1 and 2 were also used for differentiating different intra-band EN-DC E-UTRA and NR switching time mask requirements.

[bookmark: _GoBack]Conclusions
In this contribution we have discussed the RAN2 questions to RAN4 in [1]. Based on the discussion we propose that RAN4 will provide the following answers to RAN2:
1. Is the shared E-UTRA-NR FDD carrier supported in RAN4, i.e. the case where both FDD DL carrier and FDD UL carrier are shared from UE perspective by E-UTRA and NR?
Draft answer to RAN2: Yes, RAN4 has defined UL carrier sharing including UL sharing from the UE perspective both for SUL and FDD bands. DL carrier sharing is introduced by RAN1 related UE features and capabilities and thus, transparent in the RAN4 specifications. 
2. Does the UL sharing from UE perspective need to be supported together with any DL sharing capabilities that are required the shared E-UTRA-NR FDD carrier case?
Draft answer to RAN2: Yes, for enabling EN-DC operations with shared DL and UL E-UTRA - NR carriers for the E-UTRA and NR FDD bands UE capabilities for both DL sharing and UL sharing from the UE perspective need to be supported by the UE. This can be achieved e.g. using rateMatchingLTE-CRS for DL sharing and ul-SharingEUTRA-NR for UL sharing.
4. How should RAN2 refer to RAN4 specification to indicate conditions when UE is required to support ul-SwitchingTimeEUTRA-NR? Specifically, does the ul-SwitchingTimeEUTRA-NR apply to both TDM based E-UTRA-NR in UL sharing from UE perspective and intra-band contiguous scenario in adjacent channels when single UL transmission is allowed between E-UTRA and NR UL?
Draft answer to RAN2: E-UTRA and NR switching time mask requirements are defined in the sub-sections of  Section 6.3 ‘Output power dynamics’ of TS38.101-3. The following three different types of E-UTRA and NR switching time mask requirements are defined in the March 2019 version of TS38.101-3; 
6.3B.1	Output power dynamics for EN-DC with UL sharing from UE perspective
6.3B.2	Output power dynamics for intra-band EN-DC without dual PA capability
6.3B.3	Output power dynamics for intra-band EN-DC with dual PA capability
5. Is it mandatory for UE to report switching time type for an intra-band contiguous EN-DC band combination via the capability ul-SwitchingTimeEUTRA-NR if UE requires single UL transmission for that band combination?
Draft answer to RAN2: In the current version of TS38.101-3 only E-UTRA and NR switching time mask requirements for TDM based UL sharing from the UE perspective are using switching time capabilities; Type 1 and Type 2 for differentiating different UE E-UTRA and NR switching time performances. Different intra-band EN-DC E-UTRA and NR switching time mask requirements are differentiated using dual PA capability. RAN4 would, however, like to note from the backwards compatibility perspective that in the December 2018 version of TS38.101-3 UE E-UTRA – NR switching time capability Types 1 and 2 were also used for differentiating different intra-band EN-DC E-UTRA and NR switching time mask requirements.
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