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1. Introduction

In RAN1NR Ad-Hoc meeting, uplink grant-free transmission was discussed with the following agreement:
Agreements:
· 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

Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
In this contribution, we further discuss the design of uplink grant-free transmission to support URLLC.
2. On detection for grant-less transmission
For grant-free transmission, gNB has to perform blind detection. If multiple transmission parameters and configurations are supported, the complexity of blind detection which leads to large latency and low reliability will be increased. Therefore, one design target of grant-free transmission is reducing the detection complexity. In this section, we discuss the method to reduce the detection complexity for grant-free transmission.
2.1. Resource allocation
If one transport block is transmitted across all the RBs used for grant-free transmission, gNB will perform multiple channel decodings for different TBSs corresponding to different number of used RBs. In order to reduce the detection complexity, the following methods for resource allocation can be considered:
· Method 1: The total number of RBs used for grant-free transmission is semi-statically configured.
For the small payload data, method 1 will lead to low system efficiency. On the other hand, for the large payload data, method 1 will lead to large latency, since the data will be transmission by multiple slots or mini-slots. Hence, the complexity of method 1 is reduced at the cost of low efficiency or large latency.
· Method 2: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
· In frequency, one resource group can contain one RB, multiple continuous RBs or non-continuous RBs.

· One UE uses at least one resource group to transmit grant-free data.

· A transport block is divided into multiple code blocks, and one code block is transmitted on one resource group. MCS can be different for different resource groups.

· DMRS sequence can be generated based on the length of resource group. Channel estimation is performed within each resource group.
· The total number or counter number of resource groups transmitted in current slot/mini-slot by the same UE should be contained in each resource group, in order to help the gNB determines whether all of the data has been received for one UE.
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Fig.1 Resource groups

· In order to further reduce the number of blind decodes, limitation on the resource allocation of each resource group can be introduced. As shown in Fig. 2, a semi-statically configured resource pool contains 16 RBs in frequency, and one resource group contains four continuous RBs. Without resource overlap, 4 resource group candidates are contained in the resource pool, as shown in Fig. 2-a. Resource overlap can be used to support more resource group candidates, as shown in Fig. 2-b.
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Fig.2 Candidates of the resource group
Method 2 can reduce the detection complexity and provide certain scheduling flexibility. Therefore, we propose a pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
Proposal 1: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
2.2. MCS

If multiple MCSs are supported by one UE for grant-free transmission, gNB will perform multiple channel decodings for different TBSs corresponding to different MCSs. In order to reduce the detection complexity, the following options to determine MCS can be considered:
· Option 1: MCS is semi-statically configured.

· Option 2: MCS is indicated by the UE within the grant-free data.

For option 2, in order to avoid the blind decoding of MCS indication, limited MCS levels can be per-configured by gNB. K bits are used to indicate MCS of grant-free data, where K should be as small as possible. And the number of REs used to transmit MCS indication in each resource group can be semi-statically configured.
Taking into consideration of the efficiency and reliability, both above two options for MCS indication can be further studied.
3. Hopping for repetition transmission

For URLLC, it is supported that the UE can continue repetitions for the TB until certain conditions is met. In case the grant-less transmission of two UEs collide in the same resource, gNB may fail to detect both data. When the two UEs retransmit the data without grant, there is probability that the two UEs would collide again. Similar to the discovery signal design in D2D, a hopping pattern to obtain the resources for retransmission can be introduced to reduce the probability of consistent collision and improve the reliability. A UE-specific hopping pattern can be pre-configured by gNB or obtained via some known UE-specific ID. 
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Fig.3 UE-specific hopping pattern
Proposal 2: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.

4. Conclusions
In this contribution, we discuss the method to reduce the detection complexity for grant-free transmission with the following observations and proposal:
Proposal 1: A pre-configured or fixed resource group at least in frequency is introduced for grant-free transmission, and separated channel coding is used for each resource group.
Proposal 2: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.
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