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1. Introduction
In last RAN2 meeting, parameters considered for LCP restriction were discussed and the following agreements were achieved [1]. 
Agreements 

1. LCH restriction is based on available parameters coming from PHY and/or RRC.

2. The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    

3. Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).

4. If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation

5. The LCP restriction does not apply to MAC CE at least for non-duplication case
In this contribution, we will discuss whether a grant-free indication should be introduced for LCP and how to generate a MAC PDU for the grant-free resource.

2. Discussion
Grant-free resource is a kind of periodically allocated resource without an explicit DCI command each time of scheduling. Grant-free transmission is used to reduce the scheduling latency of URLLC service by transmitting data of URLLC directly without transmitting SR. However, exclusive grant-free resource reduces the spectrum efficiency. Therefore, it was already agreed that the grant-free resource is shared among multiple UEs. 
Multiple UEs contend on the same piece of grant-free resource simultaneously if all these UEs have data available for transmission. The more UEs try to contend on this resource, the higher probability of collision will occur. This would of course decrease the reliability of the transmission and in such case, the detection and decoding failure is likely to be increased.
Observation 1: Collision occurs if multiple UEs transmit simultaneously on contention based grant-free resource, leading to increased detection and decoding failure.

URLLC service requests not only low latency but also high reliability. The increased detection and decoding failure has impact on the performance of the URLLC service, which is unacceptable in NR. Furthermore, the potential latency will also increase since retransmission might be needed if collision happens.
Observation 2: Detection and Decoding failure has great impact on the performance of service with strict latency requirements, e.g. URLLC.
UE configured with grant-free resource may not only have delay sensitive service but also other wideband service. If the wideband data can also be transmitted on the grant-free resource, the collision rate will be further increased compared with the case that only the delay sensitive data is allowed to use the grant-free resource. The wideband service, e.g. eMBB service, can rely on the legacy SR-BSR procedure to request a grant from the network. eMBB service usually has a large volume of data to be transmitted, a BSR which indicates the buffer information of the UE is useful for the resource allocation. Meanwhile, eMBB is not sensitive to the scheduling delay and therefore the UE could reuse the SR-BSR procedure to ask for a grant. By restricting the usage of grant-free resource under certain circumstances, i.e. only data with strict latency requirements is allowed to transmit on grant-free resource, the requirements of the URLLC can be met.
Proposal 1: Contention-based GF resource is limited to the transmission of data with strict latency requirements.
In LTE, SPS feature is designed to reduce the control channel overhead for service with small data volume and occurs periodically, e.g. voice. What is different with contention based GF resource is that the SPS resource in LTE is allocated exclusively to a UE. However, even the SPS is proposed for the voice service, any other LCHs that have data available for transmission can also use the SPS resource as long as the multiplexing rule is satisfied. 

In LTE, the network doesn’t need to indicate the type of the resource to the UE, as the SPS resource will be treated as same as the dynamically scheduled resource, in LCP procedure.  However, as we analysed above, the contention-based grant-free resource is limited to the transmission of data with strict latency requirements. Such data would be transmitted on certain LCHs. Therefore, the grant-free resource should be limited to the transmission of data of certain LCHs. Therefore, the UE should be aware of the type of the resource in order to avoid transmission of wideband data on this resource. The network could indicate the type of the grant-free resource, i.e. contention-based or contention-free, to the UE upon configuration or reconfiguration of the grant-free resource, via RRC message. The MAC will store the configuration of the grant-free resource, including the indication of the type of the resource, for the following LCP procedures.
Proposal 2: RRC shall indicate the type of the configured GF resource to the UE via RRC message, e.g. contention-based or contention-free.

In NR, the UE can be aware of the type of the data in a LCH based on the QCI indicator of the service which setups the LCH. In current SA2, QCI indicator for URLLC service is not designed yet. However, the UE can still get a rough determination of service type from the information from the NAS layer. As a consequence, the UE can be aware of whether a specific LCH can use the grant-free resource automatically and no additional explicit signalling is needed.
Observation 3: Based on QCI indicator or information from NAS layer, MAC is aware of which LCH is serving URLLC service.

As agreed in NR, if a new transmission is performed, the MAC should perform the LCP procedure based on the characteristics of the grant. If a MAC PDU including data with strict latency requirements is generated for the grant-free resource and there are remaining bits after the URLLC data is served, e.g. at least meeting the PBR of the URLLC logical channel, how to treat the remaining bits is a problem. In such case, non-URLLC data can be included, since the generated MAC PDU anyway will contend for the configured resources and the included non-URLLC data will not increase the collision rate. Therefore, a restriction should be defined to control the transmission of non-URLLC data on the grant-free resource, based on whether the generated MAC PDU contains URLLC data or not.
Proposal 3: Non-URLLC data can be transmitted on the grant-free resource, as long as the generated MAC PDU contains URLLC data.
3. Conclusion
In this contribution, we discuss whether a grant-free indication should be introduced and used for LCP and how to generate a MAC PDU for the grant-free resource, and we have the following observations:

Observation 1: Collision occurs if multiple UEs transmit simultaneously on contention based grant-free resource, lead to increase detection and decoding failure.

Observation 2: Detection and Decoding failure has great impact on the performance of service with strict latency requirements, e.g. URLLC.

Observation 3: Based on QCI indicator or information from NAS layer, MAC is aware of which LCH is serving URLLC service.

Based on the analysis and the above observations, we have the following proposals:
Proposal 1: Contention-based GF resource is limited to the transmission of data with strict latency requirements.
Proposal 2: RRC shall indicate the type of the configured GF resource to the UE via RRC message, e.g. contention-based or contention-free.

Proposal 3: Non-URLLC data can be transmitted on the grant-free resource, as long as the generated MAC PDU contains URLLC data.
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