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1	Introduction
In Rel-15 of NR, an LCP restrictions mechanism was introduced which allows to restrict mapping of a certain logical channel to the uplink assignment depending on whether it meets configured criteria. The following parameters are used:
· allowedServingCells to control subset of serving cells on which the LCH may be sent (used in CA-based PDCP duplication) 
· allowedSCS-List to control the subset of configured numerologies which can be used for an LCH
· configuredGrantType1Allowed to indicate whether an LCH can use Type 1 Configured Grant
· maxPUSCH-Duration to control the maximum length of the PUSCH transmission duration indicated by the grant to which an LCH can be mapped
With an introduction of multiple CG configurations, which are to be used to serve traffic flows with different QoS requirements and periodicities, extensions to current LCP restrictions might be required. 
2	Discussion
During the study on physical layer URLLC enhancements RAN1 agreed to support up to 12 simultaneously active Configured Grants per BWP of a UE. The main use case considered by RAN1 for multiple CGs was to support lower latency for aperiodic UL traffic of the UE, with which the transmission of up to K>1 repetitions could be guaranteed regardless of when the traffic arrives. Additionally, for IIoT use cases, it was also concluded that supporting multiple simultaneously active CG configurations per UE are needed in Rel-16 in order to handle multiple flows with different traffic patterns and QoS requirements (e.g. related to TSC applications) served concurrently by a single UE. 
Observation 1: Multiple simultaneously active CG configurations of a UE may be used to concurrently serve traffic flows with different characteristics including reliability, latency, periodicity, etc.
If the existing LCP restrictions were to be reused, it could very easily happen that a traffic with similar delay requirement would be mapped to the same CG instances based on maxPUSCH and configuredGrantType1Allowed parameters, even if their reliability requirement and periodicity are different. Thus, some additional LCP restrictions enhancements are required to address the different requirements among multiple traffic flows, provided that multiple CG configurations are active.
Proposal 1: LCP restrictions mechanism should be extended to account for the possibility of multiple CGs being active in the UE at the same time.
Various ways to address this problem were proposed, e.g. in [1][2][3][4]: 
1. Adding new parameters for restriction, e.g. maxMCS, repetitions number, periodicity, usage of MCS-C-RNTI
2. Introducing restrictive mapping between LCHs and CG configurations, i.e. only indicated LCHs can use a certain CG.
3. Introducing non-restrictive mapping between LCHs CG configurations, i.e. indicated LCHs have absolute priority to use CG, but the remaining grant space can be used by other LCHs
The main pros and cons of each of the solutions are summarized in a table below:
	Solution
	Pros
	Cons

	1. Adding new parameters for restriction, e.g. maxMCS, repetitions number, periodicity
	· Can work for both CG and dynamic grants

	· Unclear what the suitable parameters for additional restrictions are:
· low MCS can be used for eMBB traffic for a UE in bad radio conditions and hence not strictly coupled with high reliability.
· MCS-C-RNTI usage could be too restrictive as it would disallow some URLLC traffic from using traditional MCS tables
· periodicity of the traffic does not necessarily translate into its priority

	2. Introducing restrictive mapping between LCHs and CG configurations
	· Simple solution 
· Provides full flexibility on how to adjust grants parameters for a certain LCH or group of LCHs
	· Does not work with dynamic grants
· Unused part of grant cannot be used for other LCHs

	3. Assigning priorities for LCH to use a certain CG
	· Provides full flexibility on how to adjust grants parameters for a certain LCH or group of LCHs
· Allows to use the remaining resources of the grant for other LCHs.
	· Does not work with dynamic grants
· A bit more complex than Solution 2



Although Option 1 is advantageous in terms of its applicability to both DG and CG, it is unclear how the additional restrictions would translate into the actual priority or QoS requirement of the traffics. From our point of view, with Option 1 only the factor relating to number of repetitions is more reasonable, as more repetitions can be translated to higher reliability directly, but at the same time it may introduce larger delay for traffics with low latency requirements. Thus, configure each of these parameters individually as in Option 1 maybe too complicated and lack of flexibility. On the other hand, we think Solutions 2 and 3 are more flexible, as by gNB implementation, the LCH can be mapped to appropriate CGs, and the UE does not need to consider detailed grant parameters to conduct LCP except for the CG indices. Solution 3 is slightly more complex from specifications and implementation point of view, as a LCH may have to be configured with two LCP settings, and which setting to apply is depending on the grant being processed. In our opinion, options 2 and 3 allow more appropriate mapping of the traffic to a grant. Since the enhancements which are being discussed at the moment are required due to introduction of multiple active CG configurations, we propose to introduce either solution 2 or solution 3 in Rel-16. 
Proposal 2: Do not extend LCP restrictions with additional parameters such as maxMCS, repetitions number, periodicity or usage of MCS-C-RNTI.
When it comes to a choice between solution 2 and solution 3, we think the main factor to consider is whether simplicity or resource efficiency is more important. One could argued that the configured grant’s TBS will not always be accurately tailored for the amount of data expected from the LCH as the gNB might need to overprovision a bit, e.g. to account for the possibility of MAC CEs being included in the MAC PDU. This could suggest that solution 3 would work better as resource wastage would be minimized. On the other hand, the situations of resource wastage could be ameliorated with solution 2 if mapping multiple LCHs into a single CG is allowed, or conversely allowing the same LCH to be mapped to multiple CGs (e.g. introduce LCH mapping restriction based on a list of allowed CG configurations). Based on this, we think Option 2 with more relaxed mapping should be specified in Rel-16 as a compromise between resource efficiency and complexity. 
Proposal 3: Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
In [3], it was proposed to use CG index for the purpose of LCH to CG mapping. Considering that an index will be anyway required, e.g. for the sake of activation and deactivation of multiple CG configurations, we think this is a reasonable solution.
Proposal 4: Introduce CG configuration index parameter, which can be used for configuration of LCH to CG mapping restrictions.
Additionally, RAN2 should consider the following agreement when designing LCH to CG mapping restrictions:
	R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity.



This agreement means that it should be possible to map a certain TSN flow, and in consequence an LCH,  to multiple CG configurations. Conversely, allowing multiple LCHs to be mapped to a single CG may be relevant for aperiodic traffic flows. Additionally, we do not preclude the cases where the CG resources can be mapped to other LCHs that have not been configured with mapping restrictions. As mentioned above, this would help resolving potential resource inefficiency problem as the spare resource could be better utilized, without any additional complexity. Hence, we think a more flexible mapping between LCH and CG configurations should be supported in Rel-16.
Proposal 5: It should be possible to map a single LCH to multiple CG configurations.
Proposal 6: It should be possible to map multiple LCHs to the same CG configuration.
Another aspect to consider is whether the mapping should be applicable to both Type-1 and Type-2 CG configurations. Even though only CG Type-1 was considered in LCP restrictions introduced in Rel-15, we do not see a reason to impose any limitations with that respect. Thus, we propose that the LCH-to-CG mapping restrictions are supported for both Type-1 and Type-2 CGs, in order to improve resource allocation flexibility.
Proposal 7: LCH to CG mapping restrictions can be supported for both Type-1 and Type-2 CGs.
3	Summary
Based on the discussion in the paper it is proposed to support the following enhancements with respect to LCP restrictions for the sake of support of multiple simultaneous active CG configurations:
Proposal 1: LCP restrictions mechanism should be extended to account for the possibility of multiple CGs being active in the UE at the same time.
Proposal 2: Do not extend LCP restrictions with additional parameters such as maxMCS, repetitions number, periodicity or usage of MCS-C-RNTI.
Proposal 3: Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
Proposal 4: Introduce CG configuration index parameter, which can be used for configuration of LCH to CG mapping restrictions.
Proposal 5: It should be possible to map a single LCH to multiple CG configurations.
Proposal 6: It should be possible to map multiple LCHs to the same CG configuration.
Proposal 7: LCH to CG mapping restrictions can be supported for both Type-1 and Type-2 CGs.
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