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1	Introduction
The following issues for UE features and capabilities for IIOT need to be resolved:
1. FFS whether LCH based prioritization can be supported without PHY prioritization. It is expected this can be discussed once RAN1 has defined feature/capability related to PHY layer prioritization
2. FFS whether additional capability or related signalling is needed for joint EHC and ROHC operation.
3. FFS: Revisit the discussion on the number of DRBs the UE shall support with Rel-16 PDCP duplication after the related issue for Rel-15 is clarified.
4. FFS: Allow additional RLC entities to be configured for duplication without impacting the maximum number of DRBs. Discuss further the conditions for allowing additional RLC entities to be configured.
5. FFS whether to support allowing CG periodicities of multiple of 2/7 symbols as a separate capability with a cross-slot boundary capability as a pre-requisite.
This paper gathers our views and proposals for bullets 1 to 4 while CG periodicities of multiple of 2/7 symbols is discussed in [1]. Additionally, in sub-section 2.4, we raise a potential issue with capabilities related to PDCP duplication. 
2	Discussion
2.1	LCH priority-based and PHY-based prioritization
This issue was supposed to be discussed after RAN1 provides the description of the PHY based prioritization related capability. The first version is available in [2] where this feature is captured in the following way (some columns are removed to fit into the portrait layout):
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels in physical layer (PHY)
1) Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH
2) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
3) Prioritization between UL channels/signals with different PHY priority levels
4) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
5) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	TBD
	[A UE supporting this feature shall also support the LCP restriction based on DCI priority indication ([lch-ToGrantPriorityRestriction-r16]) and intra-UE prioritization in MAC ([lch-PriorityBasedPrioritization-r16]).] 
The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4x including merging these features should be further discussed.
	Optional with capability signaling


Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}



It seems to be clear already what the PHY based prioritization comprises. It can also be seen that RAN1 is considering that the UE supporting PHY-based prioritization should also support LCH-based prioritization, although this is still to be confirmed. From RAN2 point of view, it was agreed during RAN2#109bis-e meeting that:
	R2 assumes that PHY-based prioritization and LCH-based prioritization are configured independently and one can be configured without the other (assumption may be modified when LS reply from R1 is received)
FFS how to address the scenario where PHY layer of a UE which is not configured to perform PHY-based prioritization, receives from MAC layer two MAC PDUs related to overlapping grants.



It is a common understanding the features may work independently although there are definitely inter-dependencies between them. For example, it is understood that when LCH-based prioritization is applied without PHY-based prioritization, PHY cannot handle two MAC PDUs associated with overlapping grants as per current specifications. On the other hand, in case PHY-based prioritization is applied without LCH-based prioritization on top, the overlapping grants and grants overlapping with scheduling requests will be handled as per Rel-15 behaviour, i.e. dynamic grants will always be prioritized over configured grants and any grant will always be prioritized over SR. Usefulness of PHY-based prioritization is in such a case very limited, i.e. only PUCCH vs. PUCCH conflicts can be handled as other types of overlap will be avoided by MAC layer in a non-optimal Rel-15 way.
Observation 1: Full advantages of the intra-UE prioritization can be exploited in case PHY-based prioritization and LCH-based prioritization are applied together.
Based on these considerations, we believe that intra-UE prioritization enhancements should be in practice treated as a single capability and we propose to agree on the following:
Proposal 1: The UE supporting LCH based prioritization shall also support PHY based prioritization and vice versa.
2.2	Joint EHC and RoHC operation
It was indicated in [3] that joint application of EHC and RoHC may increase UE’s processing load and a separate capability for joint EHC+RoHC operation was proposed. On the other hand, as observed by many companies in the discussion during RAN2#109bis-e, it was agreed EHC and RoHC operate mostly independently, so there is no additional complexity of supporting them together. However, it should be noted that the signaling of maxNumberEHC-Contexts and maxNumberROHC-ContextSessions does not take into consideration potential UE limitation related with processing and memory when both EHC and ROHC are enabled. Hence, even though the UE can handle a certain number of EHC contexts when only EHC is enabled, i.e. maxNumberEHC-Contexts, and can handle a certain number of RoHC contexts when only RoHC is enabled, i.e. maxNumberROHC-ContextSessions, it does not necessarily mean that the UE may handle (maxNumberEHC-Contexts +maxNumberROHC-ContextSessions) when both protocols are enabled simultaneously. Therefore, we think that even though a separate capability as such is not needed for joint EHC+RoHC operation, it might be reasonable to consider specifying signaling of the number of the contexts supported by the UE altogether for EHC and ROHC. Therefore, we have the two following proposals: 
Proposal 2: Do not introduce separate capability for joint EHC+RoHC operation. Clarify in TS 38.306 that the UE indicating support for EHC and for RoHC shall also support joint EHC+RoHC operation. 
Proposal 3: RAN2 to consider introduction of signaling of the number of the contexts supported by the UE altogether for EHC and ROHC.
2.3	Limitations of the number of supported DRBs and RLC bearers
When duplication is configured, each additional RLC entity is currently counted as a full DRB according to TS 38.306:
	[bookmark: _Toc12750916][bookmark: _Toc29382281][bookmark: _Toc37093398][bookmark: _Toc37238674][bookmark: _Toc37238788]8	UE Capability Constraints
The following table lists constraints indicating the UE capabilities that the UE shall support.
	Parameter
	Description
	Value

	#DRBs
	The number of DRBs that a UE shall support.
	16 per UE.
NOTE:	8 per MAC entity with duplication.






In Rel-15, this limits the number of DRBs configured with duplication to 8 as each DRB counts as two normal DRBs. With up to 4 RLC entities per DRB introduced by IIOT in Rel-16, each DRB configured with duplication could then be considered as 4 DRBs, reducing the maximum number of DRBs by up to a factor of 4. Similar situation occurs for DAPS where the UE is temporarily associated with two RLC entities for the duration of a DAPS handover. In our opinion this leads to too much configuration restrictions and makes duplication and DAPS less useful while not being always justified, e.g. even not activated RLC entities reduce the number of DRBs supported by the UE. Therefore, we propose:
When discussing this topic during RAN2#109bis-e meeting, it was indicated that a related issue was raised in the Rel-15 CR in [4]. The CR proposed to clarify the current wording of the UE capability constraint related to the number of supported DRBs. During the meeting, the CR evolved and it was proposed to capture the number of DRBs the UE shall support and the number of RLC bearers the UE shall support separately. The proposal was eventually postponed due to some late concerns, even though there was almost a consensus to adopt it. Even though we agree the issues are related and the exact approach in Rel-16 due to duplication with up to 4 RLC entities may differ depending on whether/how the issue is resolved for Rel-15, we think it is important to agree on the following principle already:
Proposal 4: Allow additional RLC entities to be configured for duplication/DAPS beyond the minimum number of DRBs/RLC bearers the UE shall support.
Proposal 5: Discuss the conditions allowing additional RLC entities to be configured to the UE (for duplication/DAPS) beyond the minimum number of bearers/RLC bearers.
We provide a dedicated paper on this topic in [5], since the proposals refer to both duplication and DAPS. However, the limitation introduced due to PDCP duplication with four legs is more restrictive and how to address it should be discussed under IIOT WI.
2.4	PDCP duplication
In Rel-16, PDCP duplication enhancement with more than two legs per DRB has been introduced. The following UE capability parameters for duplication are available for PDCP in the latest TS 38.306:
	pdcp-DuplicationMCG-OrSCG-DRB
Indicates whether the UE supports CA-based PDCP duplication over MCG or SCG DRB as specified in TS 38.323 [16].
	UE
	No
	No

	pdcp-DuplicationMoreThanTwoRLC-r16
Defines whether the UE supports PDCP duplication with more than two RLC entities as specified in TS 38.323 [16]. The UE supporting this feature supports secondary RLC entity(ies) activation and deactivation based on Single DRB Duplication Activation/Deactivation MAC CE as specified in TS 38.321 [8]. 
	UE
	No
	No

	pdcp-DuplicationSplitDRB
Indicates whether the UE supports PDCP duplication over split DRB as specified in TS 38.323 [16].
	UE
	No
	No

	pdcp-DuplicationSplitSRB
Indicates whether the UE supports PDCP duplication over split SRB1/2 as specified in TS 38.323 [16].
	UE
	No
	No

	pdcp-DuplicationSRB
Indicates whether the UE supports CA-based PDCP duplication over SRB1/2 and/or, if EN-DC is supported, SRB3 as specified in TS 38.323 [16].
	UE
	No
	No


 
The parameters highlighted in green essentially indicate whether the UE can support Rel-15 PDCP duplication (with only up to two legs per radio bearer) in CA and DC. Moreover, the parameter highlighted in yellow indicates the UE capability of supporting Rel-16 PDCP duplication where more than two legs are configured for a radio bearer.
[bookmark: _GoBack]It is noted that, currently these parameters are independent, so it means a Rel-16 UE may support duplication with more than two legs per SRB/DRB (with pdcp-DuplicationMoreThanTwoRLC-r16), but not necessarily Rel-15 PDCP duplication with only two legs per SRB/DRB (e.g. when both pdcp-DuplicationMCG-OrSCG-DRB or pdcp-DuplicationSplitDRB are absent). This implies that whenever duplication is configured for this UE, at least 3 legs should be configured for a radio bearer, which is clearly inefficient especially if in fact the latency/reliability requirement of the associated traffic can already be fulfilled with duplication via only two legs. That is, the network may have to over-provision radio resources for this UE even if it is more than enough, which may result in unnecessary processing as well as interferences. One could argue that by implementation the gNB could always deactivate at least one leg (e.g. using the MAC CE or the RRC configuration of initial state) even though it is configured, but it is indeed awkward especially when the issues of DRB limitation described in Section 2.3 are taken into consideration. Moreover, for SRB, it is not possible to deactivate the configured RLC entities and all would have to be always activated.
In light of this, we think a dependency should be introduced between parameters for Rel-15 and Rel-16 PDCP duplication, such that a Rel-16 UE that supports Rel-16 duplication, should support Rel-15 duplication as well. Hence, this allows more flexible/precise configuration by the gNB in accordance to the traffic requirement.
Proposal 6: The UE supporting Rel-16 PDCP duplication (more than two legs per radio bearer) shall also support Rel-15 PDCP duplication (with only two legs per SRB/DRB).

3	Summary
Based on the discussion in section 2, the following proposals are made:
Proposal 1: The UE supporting LCH based prioritization shall also support PHY based prioritization and vice versa.
Proposal 2: Do not introduce separate capability for joint EHC+RoHC operation. Clarify in TS 38.306 that the UE indicating support for EHC and for RoHC shall also support joint EHC+RoHC operation. 
Proposal 3: RAN2 to consider introduction of signaling of the number of the contexts supported by the UE altogether for EHC and ROHC.
Proposal 4: Allow additional RLC entities to be configured for duplication/DAPS without impacting the maximum number of DRBs.
Proposal 5: Discuss the conditions allowing additional RLC entities to be configured (for duplication/DAPS) without impacting the maximum number of bearers that a UE can support.
Proposal 6: The UE supporting Rel-16 PDCP duplication (more than two legs per radio bearer) shall also support Rel-15 PDCP duplication (with only two legs per SRB/DRB).
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