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Introduction
In the RAN1 AdHoc meeting on NR, the following were agreed [1]:

Agreements:
· [bookmark: _GoBack]For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

In the RAN1 #88 meeting, the following were agreed [2]:
Agreements:
· [bookmark: OLE_LINK1]For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K

This contribution considers the resource configuration for UL grant-free transmission.
Considerations on UL grant-free transmission
Semi-static resource configuration for UL grant-free transmission
Grant-free transmission with semi-static resource configuration can reduce latency for UL data transmissions since the signaling procedure is significantly simplified. 
[bookmark: OLE_LINK3]One issue of grant-free transmission is that the modulation and coding scheme (MCS) cannot be configured by gNB. If common MCS is used for all UEs, the spectrum efficiency is reduced if low MCS is used while the data transmission reliability is lowered if high MCS is used. One potential solution is to configure multiple time/frequency resources for UL grant-free transmission, each of which is associated with one MCS. UE selects appropriate MCS according to DL measurement and associated time/frequency resources to transmit UL data. In this way, UE can choose MCS based on the channel status and increase the resource utilization.
Another issue associated with grant-free transmission is the trade-off between the resource utilization and the reliability of data transmission. If the resource configured for grant-free transmission is assumed to be UE dedicated, which is similar to LTE SPS transmission, reliability is guaranteed but resource configuration may be inefficient since the UE-dedicated resource may not be frequently used considering the burstiness of URLLC services. UE-group common resource configuration can improve the resource utilization but the contention-based nature of UL data transmissions reduces the respective reliability when multiple UEs transmit in the same resources. 
Observation: A network should be able to set a trade-off between resource utilization and reliability/latency of data transmission.

Switching between grant-free and grant-based transmission
Although grant-free transmission based on semi-static resource configuration can reduce latency, the associated overhead can be large and the packet size for a service, such as URLLC service, can be variable. One pre-defined resource configuration is hard to satisfy all potential services or packet sizes. Therefore, switching between grant-free and grant-based transmissions is beneficial to balance resource utilization and delay/reliability requirement of associated services.
To support the switching between grant-free and grant-based transmission, the initial transmission on the pre-configured grant-free resource can include UE identification, for example, explicit UE ID information (e.g. C-RNTI) or implicit UE information such as a DMRS cyclic shift (assuming use of ZC sequences) specific signature. Additionally, to indicate whether the UE has remaining data to transmit and to facilitate grant-based subsequent transmission, the UE can include BSR with the initial data transmission. 
If a gNB successfully decodes a data transmission from a UE and determines that the UE has remaining data to transmit (e.g. from a BSR report), the gNB can switch scheduling for UE to grant-based transmissions. The UL grant for subsequent data transmissions can be with CRC scrambled by the UE C-RNTI (determined either by explicit signaling in the initial transmission or implicitly by the DMRS cyclic shift).
Proposal 1: A UE can be configured to report BSR when configured for grant-free transmission.
Proposal 2: A UE configured for grant-free transmission is also configured to monitor UL grants.


Fig. 1: Switching between grant-free and grant-based transmission
If the decoding of the initial transmission fails but the gNB can determine that there was data transmission for example by identifying a transmitted DMRS RS in the configured resources, the switch between grant-free and grant-based transmission can apply and reliability of re-transmission is improved. Therefore, the DMRS properties, such as the DMRS cyclic shift, should be part of the overall resource configuration.
Proposal 3: A gNB configures UE-specific DMRS properties together with a resource allocation for grant-free transmission.
A gNB can adaptively change the resources allocated for grant-free transmission. For instance, gNB monitors the collision level by using interference levels in these resources. If gNB finds that the collisions are too high for grant-free transmission, it can change the resource allocations for grant-free transmissions to reduce the collision probability or even consider fallback to grant-based transmissions.
For switching grant-free transmission to grant-based transmission based on UL grant, a method to identify the received UL grant is for the retransmission of the previous grant-free transmission should be considered. One example is to assign at least a grant-free resource (e.g. frequency and time resource or DMRS cyclic shift, etc.) to a HARQ process ID. Based on HARQ process ID indicated by UL grant, the UE can identify whether the received UL grant is for the retransmission of previous grant-free UL transmission or new grant-based UL transmission. Another example is to define HARQ process ID per slot/subframe as in LTE. Since HARQ process ID of grant-free UL transmission can be derived, the UE can switch grant-free UL transmission to grant-based retransmission accordingly when UL grant is received.
Proposal 4: HARQ process ID-based switching between grant-free transmission and grant-based transmission should be considered.

Conclusion
In this contribution considered resource configuration aspects for grant-free transmission and proposes the following:
Proposal 1: A UE can be configured to report BSR when configured for grant-free transmission.
Proposal 2: A UE configured for grant-free transmission is also configured to monitor UL grants.
Proposal 3: A gNB configures UE-specific DMRS properties together with a resource allocation for grant-free transmission.
Proposal 4: HARQ process ID-based switching between grant-free transmission and grant-based transmission should be considered.

In addition, the following observation is made.
Observation: A network should be able to set a trade-off between resource utilization and reliability/latency of data transmission.
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