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Introduction
RAN2#105 on February 2019 sent an LS to RAN1 and RAN4 on the applicability of uplink sharing in different scenarios [1]. RAN2 recognizes following UE capabilities in the LS as potentially related to the different sharing scenarios.
Rate matching capabilities currently in RAN2 specifications (i.e. potential features for DL sharing):
	rateMatchingLTE-CRS
Indicates whether the UE supports receiving PDSCH with resource mapping that excludes the REs determined by the higher layer configuration LTE-carrier configuring common RS, as specified in TS 38.214 [12].
	Band
	Yes
	No
	No

	rateMatchingResrcSetDynamic
Indicates whether the UE supports receiving PDSCH with resource mapping that excludes the REs corresponding to resource sets configured with RB-symbol level granularity based on dynamic indication in the scheduling DCI as specified in TS 38.214 [12].
	UE
	No
	No
	No

	rateMatchingResrcSetSemi-Static
Indicates whether the UE supports receiving PDSCH with resource mapping that excludes the REs corresponding to resource sets configured with RB-symbol level granularity following the semi-static configuration as specified in TS 38.214 [12].
	UE
	Yes
	No
	No



UL sharing from UE perspective capability:
	ul-SharingEUTRA-NR
Indicates whether the UE supports EN-DC with EUTRA-NR coexistence in UL sharing via TDM only, FDM only, or both TDM and FDM from UE perspective.
	BC
	No
	No
	No



UL switching time capability:
	ul-SwitchingTimeEUTRA-NR
Indicates support of switching type between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective. Type1 indicates UE supports switching within less than 0 us and type2 indicates UE supports switching within less than 20us. It is mandatory to report switching time type 1 or type 2 if UE supports LTE and NR UL Transmission in the shared carrier via TDM only or LTE and NR UL transmission in the shared carrier via FDM or TDM.
	BC
	[Yes]
	No
	No



Discussion
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 for using the second DMRS symbol on a shared carrier, and even if not in the center of RAN2 questions, 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 can be said about the background of the sharing capabilities:
1. 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.
2. 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.
3. [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.
4. 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.
5. [bookmark: _Hlk4789498]ul-SharingEUTRA-NR: This was introduced for an EN-DC UE to indicate that it can be configured with an LTE uplink and NR uplink on the same carrier. This does not have any specific RAN1 functionality, but is related to how the UE can be operated. 
6. ul-SwitchingTimeEUTRA-NR: This was introduced for ul-SharingEUTRA-NR = ‘TDM only’ capable UE to be able to indicate how long a gap it requires when switching the shared uplink between RATs. 

It is out of RAN1’s scope if DL sharing or UL sharing from UE perspective is supported, but there is no functional restriction in RAN1 to one or the other.



Different sharing scenarios are outlined in the following table:
	Band combination
	Sharing scenario
	Needed UE capabilities 
(as listed above)

	LTE
	NR
	Downlink
	Uplink
	

	FDD SCell, no UL
	FDD
	NW perspective only
	No sharing
	Required at least one of 1,2,3. Optionally 4.

	FDD
	FDD SCell, no UL
	NW perspective only
	No sharing
	

	FDD 
	FDD
	NW perspective only
	NW perspective only
	

	TDD SCell, no UL
	TDD
	NW perspective only
	No sharing
	

	TDD
	TDD SCell, no UL
	NW perspective only
	No sharing
	

	TDD 
	TDD
	NW perspective only
	NW perspective only
	

	FDD 
	FDD
	NW&UE perspective
	NW&UE perspective
	Required at least one of 1,2,3. Optionally 4. 
Required 5,6.

	FDD SCell, no UL
	FDD
	NW&UE perspective
	No sharing
	Required at least one of 1,2,3. Optionally 4.
How to indicate UE can share DL but not UL?

	FDD
	FDD SCell, no UL
	NW&UE perspective
	No sharing
	

	TDD SCell, no UL
	TDD
	NW&UE perspective 
	No sharing
	

	TDD
	TDD SCell, no UL
	NW&UE perspective
	No sharing
	

	TDD 
	TDD
	NW&UE perspective 
	NW&UE perspective
	Required at least one of 1,2,3. Optionally 4.
Required 5,6.

	FDD
	SUL
	No sharing
	NW perspective only
	None

	FDD
	SUL
	No sharing
	NW&UE perspective
	Required 5,6.



For an intra-band EN-DC band combination (both FDD and TDD), there is no such thing as UL sharing from the UE perspective without also sharing the DL from the UE perspective. Thus it is evident that when the UE indicates support for ul-SharingEUTRA-NR for an intra-band EN-DC band combination, it needs to be able to share both uplink and downlink from the UE perspective. It would perhaps be a good idea to respond this to RAN2.
However, if the UE would be able to support DL sharing from the UE perspective, but not UL sharing from the UE perspective, it would not be able to indicate this. Such a setup would take place when either the NR or LTE DL is an SCell and does not have a corresponding UL SCell, and both RATs have a dedicated UL carrier.
Draft responses to the RAN2 LS
RAN2 respectfully asked RAN1 the following 4 questions, and draft answers are provided for each question:

1.	Is the shared E-UTRA-NR FDD carrier supported in RAN1, 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] RAN1 supports spectrum sharing between E-UTRA and NR FDD carriers. RAN1 functionality is agnostic to whether the carrier is shared from the UE perspective or different UEs are transmitting/receiving on the two RATs.
2.	Does the UL sharing from UE perspective (as indicated by the UL sharing capability) need to be supported together with any DL sharing capabilities that are required the shared E-UTRA-NR FDD carrier case? 
[Draft answer] Depends on the configuration
· Yes: If the DL shared carrier has a corresponding uplink on both RATs, then also that uplink must be shared.
· No: For configurations where the DL shared carrier is configured with either an LTE or NR SCell (or both) without a corresponding uplink SCell, DL sharing from the UE perspective does not require any UL sharing from the UE perspective. Only if both RATs are configured with corresponding uplinks is UL sharing form the UE perspective required.
3.	If the answer to 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.
[Draft answer] RAN1 would like to note that 
· The UE that would be capable of DL sharing from the UE perspective, but NOT capable of UL sharing from the UE perspective may be lacking a capability. 
· It may be useful to clarify that an UE indicating ul-SharingEUTRA-NR for an intra-band EN-DC band combination, the capability implies that DL sharing from the UE perspective on that band combination must be supported as well. 
RAN1 encourages RAN2 to find a non-backwards compatible way to proceed.
4.	Which of the rate matching mechanisms defined in RAN1 specifications were designed to be used to accomplish the DL sharing between E-UTRA FDD and NR FDD carriers? 
[Draft answer] The CRS rate matching (rateMatchingLTE-CRS) was created solely for the purpose of E-UTRA – NR DL sharing. Bitmap based rate matching (rateMatchingResrcSetDynamic and rateMatchingResrcSetSemi-Static) were also motivated by E-UTRA – NR DL sharing, but is also used for forward compatibility as well as NR CORESET rate matching purposes. 
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