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During RAN1#102e meeting, companies discussed the ambiguity issue for some of the Rel-15 UE features and reached the following conclusion [1] together with an LS to RAN2 to clarify this issue [2]. However, there are still several Rel-15 UE features that companies didn’t reach consensus on how to interpret them in case of cross-carrier operation, i.e., ue-SpecificUL-DL-Assignment and bwp-DiffNumerology / bwp-SameNumerology [3].
	Conclusion
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· aperiodicTRS
· beamSwitchTiming
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on both the support of this capability for the band of the scheduled/triggered/indicated cell and the support of this capability for the band of the scheduling/triggering/indicating cell.
· crossCarrierScheduling-SameSCS



During RAN#89e meeting, one discussion paper was submitted to clarify this ambiguity issue for the remaining Rel-15/Rel-16 UE features [4]. Based on the discussion, it was concluded that the discussion on this issue should take place in RAN1 [5].
	RP-201768	Discussion on NR UE Features                                     ZTE, Sanechips 
handled in email discussion [89E][15][UE_features]
	
conclusion: The discussion of this topic should take place within RAN1. No further discussion will take place in RAN#89e.



[bookmark: _GoBack]In this contribution, we discuss and clarify how to interpret the remaining Rel-15 UE features with this ambiguity issue. The detailed discussion and analysis on Rel-16 UE features with this ambiguity issue can be found in our companion paper [6].

Discussion
As also summarized in the moderator’s summary [3], basically, there are three different interpretations as shown below to interpret the UE capabilities with such ambiguity issue. In the following discussion in this paper, we use the Interpretation1, Interpretation2 and Interpretation3 to clarify this ambiguity issue.
	Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.



FG: ue-SpecificUL-DL-Assignment
Q1: What’s the function of ue-SpecificUL-DL-Assignment
The UE capability ue-SpecificUL-DL-Assignment is used to indicate whether the UE supports dynamic determination of UL and DL link direction and slot format based on Layer 1 scheduling DCI and higher layer configured parameter UL-DL-configuration-dedicated. Basically, it contains two parts
1) Determination of UL and DL link direction and slot format based on Layer 1 scheduling DCI. The corresponding spec for this part is in Section 11.1 of TS 38.213 (copied below for your convenience). Please note that this is not related to slot formation determination by SFI. The UE feature for SFI should be dynamicSFI.
	Spec from Section 11.1 of TS38.213
If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1 
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant 



2) Determination of UL and DL link direction and slot format based on higher layer configured parameter UL-DL-configuration-dedicated. Note: There is a typo in 38.306. UL-DL-configuration-dedicated should be instead TDD-UL-DL-ConfigDedicated instead.

	ue-SpecificUL-DL-Assignment
Indicates whether the UE supports dynamic determination of UL and DL link direction and slot format based on Layer 1 scheduling DCI and higher layer configured parameter UL-DL-configuration-dedicated as specified in TS 38.213 [11].
	FS
	No
	N/A
	N/A



Q2: Whether ue-SpecificUL-DL-Assignment can be reported for FDD band
As discussed in “Q1: What’s the function of ue-SpecificUL-DL-Assignment” above, it is obvious that the function of ue-SpecificUL-DL-Assignment targets for TDD band. The question is whether UE can also report this UE capability for FDD band. 
From function perspective, UE should NOT report this capability for FDD band. However, currently, RAN2 spec doesn’t preclude UE to report this capability for FDD band because it is a “per FS” type, i.e., “per band per band combination” and it is not marked with “TDD only”. 

If the answer is NO: ue-SpecificUL-DL-Assignment can NOT be reported for FDD band
Based on our understanding, this UE capability is only applicable to TDD band. If we go with Interpretation 3 for this UE capability, it requires UE to support of this UE capability in both the scheduling cell/band and the scheduled cell/band, which precludes the use case of FDD cross-carrier scheduling TDD for this UE capability. For example, if UE supports BC: band A (FDD) + band B (TDD), and UE supports cross-carrier scheduling for this BC assuming that UE has indicates support of crossCarrierScheduling-SameSCS for both band A and band B.  In this case, UE can support band A cross-carrier schedules band B. However, in this example, UE can NOT indicate support of ue-SpecificUL-DL-Assignment for both band A and band B as band A is FDD. If we go with Interpretation 3 for ue-SpecificUL-DL-Assignment, it basically precludes the use case of ue-SpecificUL-DL-Assignment in this scenario. However, if we go with Interpretation 1 for ue-SpecificUL-DL-Assignment, this kind of scenario can be supported.
Observation 1: If ue-SpecificUL-DL-Assignment can NOT be reported for FDD band, Interpretation3 will preclude the use of this UE capability in case of FDD-TDD cross-carrier operation, i.e., UE is not expected to be scheduled/triggered PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols in TDD band from a FDD band based on the current specification in Section 11.1 of TS 38.213. 

If the answer is YES: ue-SpecificUL-DL-Assignment can be reported for FDD band
If companies prefer to allow UE to report ue-SpecificUL-DL-Assignment for FDD band also. Then RAN1 and/or RAN2 CRs are needed to explicitly clarify the UE behaviors regarding this capability in FDD band as currently the function of this capability targets only for TDD band.
Observation 2: If UE is allowed to report ue-SpecificUL-DL-Assignment for FDD band, RAN1 and/or RAN2 spec changes are needed to specify the corresponding UE behaviors on interpreting ue-SpecificUL-DL-Assignment reported for FDD bands.
Assuming that UE can report ue-SpecificUL-DL-Assignment for FDD band, then the difference between Interpretation1 and Interpretation3 would be the following.
	Band combination: Band A (TDD/FDD) + Band B (TDD)
UE capability reporting: 
(1) UE already indicates support of cross-carrier scheduling between Band A and Band B via reporting crossCarrierScheduling-SameSCS for both Band A and Band B.
(2) UE already indicates support ue-SpecificUL-DL-Assignment for band B. In other words, UE at least supports ue-SpecificUL-DL-Assignment in case of self-scheduling.
Interpretation analysis:
Interpretation1: 
UE supports cross-carrier scheduling from Band A to Band B based on the UE capability crossCarrierScheduling-SameSCS. 
UE supports self-scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B based on UE capability ue-SpecificUL-DL-Assignment. 
At the same time, UE also supports cross-carrier scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B from Band A based on the UE capability crossCarrierScheduling-SameSCS and ue-SpecificUL-DL-Assignment (Interpretation1). 
Interpretation3: 
UE supports cross-carrier scheduling from Band A to Band B based on the UE capability crossCarrierScheduling-SameSCS. 
UE supports self-scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B based on UE capability ue-SpecificUL-DL-Assignment. 
However, UE does NOT support cross-carrier scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B from Band A based on the UE capability crossCarrierScheduling-SameSCS and ue-SpecificUL-DL-Assignment (Interpretation3). 



It seems that Interpretation3 could offer “finer granularity” for ue-SpecificUL-DL-Assignment. However, it is not clear whether such type of UE has any market drive and what would be the implementation concern from UE side. At least from our perspective, we didn’t see any market need for such type of UE and we didn’t see any additional implementation burden for the following type of UE to support cross-carrier scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B from Band A as anyway the UE has already supported (1) and (2) as shown below.
(1) Support cross-carrier scheduling from Band A to Band B;
(2) Support self-scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B;
(3) NOT support cross-carrier scheduling/triggering PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols of Band B from Band A.
Observation 3: The market drive and implementation concern on supporting Interpretation3 instead of Interpretation1 for ue-SpecificUL-DL-Assignment is not clear.
Based on the above analysis, it is more appropriate to adopt Interpretation1 for ue-SpecificUL-DL-Assignment no matter whether UE is allowed to report this capability for FDD band.
bwp-DiffNumerology / bwp-SameNumerology
These two capabilities are used to indicate whether the UE supports BWP adaptation up to 2/4 BWPs with the different/same numerologies, via DCI and timer. The cell with DCI triggering this BWP switch and the target cell can be in different bands. From our perspective, these two UE capabilities are mainly related to the target cell/band, thus the UE provides the capability bwp-DiffNumerology / bwp-SameNumerology for the band number for which the BWP is switched. In other words, support of bwp-DiffNumerology / bwp-SameNumerology is based on the support of this feature for the scheduled/triggered/indicated cell only.
	bwp-DiffNumerology
Indicates whether the UE supports BWP adaptation up to 4 BWPs with the different numerologies, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	N/A
	N/A



	bwp-SameNumerology
Defines type A/B BWP adaptation (up to 2/4 BWPs) with the same numerology, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	N/A
	N/A



For UE capability bwp-DiffNumerology / bwp-SameNumerology, as this UE capability has two parts (1) support of up to 4 BWPs (2) DCI-based or timer-based BWP switch. If we take Interpretation 3 for this UE capability, in order to support cross-carrier BWP switching, it requires UE to support up to 2/4 BWPs in both scheduling cell and scheduled cell. This may not be reasonable. With Interpretation 1, a carrier with 1 BWP can still be used to cross-carrier switch the BWP of a carrier with up to 2/4 BWPs as long as cross-carrier scheduling is supported.
Observation 4: With Interpretation3 for bwp-DiffNumerology / bwp-SameNumerology, in order to support cross-carrier BWP switching, it requires UE to support up to 2/4 BWPs in both scheduling cell/band and scheduled cell/band.
Based on the above analysis, it is more appropriate to adopt Interpretation1 for bwp-DiffNumerology / bwp-SameNumerology.
Summary
Based on the above analysis, it is more appropriate to adopt Interpretation1 for both ue-SpecificUL-DL-Assignment and bwp-DiffNumerology / bwp-SameNumerology. 
Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, the support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology

Conclusion
In this contribution, we present discussion and analysis on Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation. The following observations and proposal are made.
Observation 1: If ue-SpecificUL-DL-Assignment can NOT be reported for FDD band, Interpretation3 will preclude the use of this UE capability in case of FDD-TDD cross-carrier operation, i.e., UE is not expected to be scheduled/triggered PDSCH, CSI-RS, PUSCH, PUCCH, PRACH or SRS in the flexible symbols in TDD band from a FDD band based on the current specification in Section 11.1 of TS 38.213. 
Observation 2: If UE is allowed to report ue-SpecificUL-DL-Assignment for FDD band, RAN1 and/or RAN2 spec changes are needed to specify the corresponding UE behaviors on interpreting ue-SpecificUL-DL-Assignment reported for FDD bands.
Observation 3: The market drive and implementation concern on supporting Interpretation3 instead of Interpretation1 for ue-SpecificUL-DL-Assignment is not clear.
Observation 4: With Interpretation3 for bwp-DiffNumerology / bwp-SameNumerology, in order to support cross-carrier BWP switching, it requires UE to support up to 2/4 BWPs in both scheduling cell/band and scheduled cell/band.

Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, the support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology

Reference
RAN1#102e chairman note.
R1-2007334, LS on Interpretation of UE Features in Case of Cross-Carrier Operation, RAN1#102e.
R1-2007333, Email Discussion Summary of [102-e-NR-7.1CRs-07], Moderator (ZTE), RAN1#102e.
RP-201768, Discussion on NR UE Features, ZTE, Sanechips, RAN#89e.
RAN#89e meeting report.
R1-2007739, Discussion on NR Rel-16 UE Features, ZTE, RAN1#103e.
5/5
