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1 Introduction
In RAN2 NR AH#2 meeting [1], the following agreement is made for LCP. Further, an email discussion [2] is triggered to address this FFS.
	Agreements:
1. At least numerology and TTI length are included/taken into account for restriction for LCP.  
FFS if any other parameters need to be considered for LCP
FFS how LCP is modelled
FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC



In this paper, we provide our observations and proposals for LCP modelling.

2 Discussion
The key issues of LCP modelling are as below:
· Whether to apply some abstraction (i.e., transmission profile, TP) to model the association between a LCH and the applicable physical configurations of an UL grant that can fulfill the QoS requirement of the LCH.
· If abstraction is applied,
· What physical parameters should be considered for LCP?
· What physical parameters should be included in the transmission profile?
· Notice that it is possible that not all LCP related parameters are included in the transmission profile
· How a transmission profile index is determined? 
· What information is delivered from PHY to MAC for LCP?

2.1 Physical Configuration Abstraction 

Some companies think that whether to adopt transmission profile depends on the number of physical parameters to be delivered to MAC for LCP operation, i.e. if only TTI and numerology information of the UL grant are required for LCP, then there is no need to introduce an additional new index for LCP. 

However, as indicated by many companies, we support to apply transmission profile index for two reasons: 
· First, it simplifies the signaling between MAC and PHY, i.e. PHY needs not provide a bunch of physical parameters to MAC. 
· Secondly, the abstraction reduces spec maintain effort, i.e. future-proofness. If in the future additional physical parameters are included to be considered for LCP operation, we just change the definition of the transmission profile to include more physical parameters, and there is no change needed for the association between a LCH and applicable transmission profiles.
· Thirdly, the abstraction reduces RRC signaling overhead for LCH configuration. With abstraction, RRC signaling just configure a list of applicable transmission profile index for each LCH. In contrast, without abstraction, the overhead of LCH configuration for LCP is exponentially increased with the number of LCP-related physical parameters.

Observation 1: Abstraction simplifies interaction between MAC and PHY, achieve future-proofness for new LCP-related parameters, and reduce RRC signaling overhead for LCH configuration.
Proposal 1: NR LCP applies transmission profile index.

2.2 What physical parameters should be considered for LCP?

Besides TTI and numerology (agreed in RAN2 NR AH#2 meeting), we think the following parameters could also be taken into account for LCP:
· Carrier frequency (or carrier ID): To support packet duplication, a LCH may be only applicable for UL grant on a certain carrier so as to ensure that duplicate packet could be delivered through different carrier.
· Indicator about whether the UL grant is grant-free or grant-based: The reason is that a grant-free UL transmission may be triggered only by those LCHs with critical latency requirement, e.g., LCH dedicated for URLLC services. 
· K2: K2 is the HARQ delay between UL grant reception in DL and UL data (PUSCH) transmission. We think it may impact QoS and thus should be considered for LCP.

Proposal 2: In addition to numerology and TTI, carrier frequency, grant-free indicator, and K2 are considered as the restriction for LCP.

2.3 What physical parameters should be included in the transmission profile?
There are two alternatives for this issue:
· Alternative 1: Transmission profile includes all physical parameters considered for LCP
· Alternative 2: Transmission profile includes only part of physical parameters considered for LCP

In alternative 1, since all physical parameters considered for LCP is included in the transmission profile, the only parameter PHY should provide to MAC is the transmission profile index. In contrast, in alternative 2, PHY should deliver the transmission profile index along with those not included physical parameters to MAC. We prefer alternative 1 since alternative 2 increase the parameters to be delivered to MAC, and thus reduce the advantage of applying transmission profile index, i.e., reduce LCH configuration overhead, make PHY-MAC interaction simple, and be future-proof to include more physical parameters.

Proposal 3: Transmission profile includes all physical parameters considered for LCP.

2.4 How a transmission profile index is determined?
Physical parameters with impact on the LCH applicability for LCP may be derived from different ways, for example,
· Carrier index: carried index could be explicitly signalled through DCI, e.g., carrier index field
· Numerology: numerology does not change dynamically and thus could be semi-statistically configured. However, notice that numerology may also be implicitly indicated by DCI. For example, according to RAN1 agreement, DCI may indicate the bandwidth part (BWP) for a UE to do data transmission within a bandwidth smaller than the carrier bandwidth. Since each BWP is associated with a certain numerology, the numerology is determined once UE receives the DCI that indicates the BWP of the UL grant.
· TTI: TTI could be implicitly known by UE after UE receives the UL grant based on the starting time of UL grant and the frame structure. TTI may also be indicated directly by DCI [3], which indicate start/stop of the OFDM symbols used for data in the slot/mini-slot.
· K2: K2 is the HARQ delay between UL grant reception in DL and UL data (PUSCH) transmission. According to the agreement in RAN1#86bis, K2 may be indicated by DCI, or by semi-statically configuration via high layer, or by the combination of both.

Observation 2: LCP-related physical parameters are not only explicitly indicated by DCI, but also from semi-static configuration.

TPI may be determined by physical layer or by direct DCI indication. To be specific,
· Alternative 1. Physical layer decides TPI according to physical layer configuration form DCI and from semi-static configuration.
· Alternative 2. DCI directly indicates TPI, and physical layer reports to MAC the TPI along with other LCP-related physical configuration (e.g., semi-static configured by RRC) that are not included in transmission profile.

For alternative 2, we have several observations. 

· First, directing indicating TPI in DCI makes DCI maintenance more complicated. For example, transmission profile should not include the parameter that is already indicated in DCI, e.g., carrier index. Moreover, in the future if a new LCP-related physical parameter is added into DCI, RAN1 needs to decide to put the new parameter in the transmission profile, or in a new dedicated field. 
· Secondly, this impact RAN1’s DCI design and thus RAN2 should ask RAN1’s opinion for additional index in DCI. According to proposal 3 and observation 2, we prefer that a transmission profile include all LCP-related parameters, which include both dynamically and semi-statically configured physical parameters. However, if DCI indicates TPI that includes all LCP-related physical parameters, then it is against DCI’s design principle that DCI carries only dynamically configured physical parameters.

Observation 3: If TPI is determined by physical layer, there is no RAN1 impact on DCI design. 

Observation 4: If TPI is signaled to PHY through DCI indication, the maintenance of transmission profile and DCI content is complicated and not future-proof.

Proposal 4: TPI of a UL grant is determined by physical layer, and no new indicator is introduced in DCI for LCP purpose. 

3. Proposed LCP Modelling

Based on the discussion above, our LCP modelling is illustrated in Figure 1 as below.



Figure 1. Illustration of proposed LCP model
The proposed LCP model works as follows.
· STEP1. Physical layer decides TPI 
Upon receiving an UL grant, physical layer determines TP configuration, i.e., configuration of all LCP-related parameters, according to direct DCI indication and RRC semi-static configuration. With the TP configuration, physical layer then checks the table between TP configuration and TPI to find the corresponding TPI. Notice that the mapping table could be hard-coded and thus no on-the-air signaling is needed.
· STEP 2. TPI is delivered from PHY to MAC
· STEP 3. MAC decides applicable LCHs and perform LCP
MAC decides applicable LCH for the UL grant according to the TPI from PHY, and the RRC-configured mapping between each LCH and its applicable TPI. Each LCH is mapped to one or multiple applicable TPI. A LCH is applicable for the UL grant if the LCH is associated with the TPI reported by PHY. MAC then perform LCP on those applicable LCHs.

Proposal 5: Adopt the flow chart in Figure 1 for LCP modelling.

[bookmark: _GoBack]3 Conclusion 
Based on the observations:
Observation 1: Abstraction simplifies interaction between MAC and PHY, achieve future-proofness for new LCP-related parameters, and reduce RRC signaling overhead for LCH configuration.
Observation 2: LCP-related physical parameters are not only explicitly indicated by DCI, but also from semi-static configuration.
Observation 3: If TPI is determined by physical layer, there is no RAN1 impact on DCI design. 

Observation 4: If TPI is signaled to PHY through DCI indication, the maintenance of transmission profile and DCI content is complicated and not future-proof.

We propose:
Proposal 1: NR LCP applies transmission profile index.
Proposal 2: In addition to numerology and TTI, carrier frequency, grant-free indicator, and K2 are considered as the restriction for LCP.
Proposal 3: Transmission profile includes all physical parameters considered for LCP.
Proposal 4: TPI of a UL grant is determined by physical layer, and no new indicator is introduced in DCI for LCP purpose. 
Proposal 5: Adopt the flow chart in Figure 1 for LCP modelling.
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