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Introduction
In RAN1 NR Ad-Hoc#2 Meeting [1], the following agreements were reached for UL data transmission without grant:
Agreements:
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signalling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation
· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 
· FFS the reliability issues for L1 signalling.
· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following
· Periodicity and offset of a resource with respect to SFN=0 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· Note: 
· one TB is mapped to a resource at least consisting of time/frequency-domain resource
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· An MCS/TBS value
· Number of repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured
· For Type 2 UL transmission without UL grant
· The RRC (re-) configuration for resource and parameters includes at least the following
· Periodicity of a resource
· Power control related parameters
· At least the following additional parameters for the resource are given by L1 signalling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation
· FFS: the timing reference 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· An MCS/TBS value
· Note: 
· one TB is mapped to one resource 
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· FFS multiple resources can be configured
· FFS HARQ related parameters
· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling

In this contribution, we discuss the remaining aspects related to UL data transmission without grant mainly focusing on the need for Type 3 UL data transmission without grant and multiple resource allocation.
Type 3 UL data transmission without grant
Per agreement in the RAN1 NR Ad-Hoc#2 Meeting [1], Type 3 UL data transmission without grant is still FFS. Per offline discussions, Type 3 was proposed as a comprised solution between Type 1 and Type 2. The goal of defining Type 3 was to enable the scheduler to overwrite RRC configuration with dynamic signaling which would be beneficial for collision handling during the grant-free re-transmissions. On the other hand, the price to pay for this flexibility is the need for DCI monitoring for Type 3 similar to Type 2 which may impact the power saving at the UE compared to Type 1. However, we believe the power saving aspect can be addressed with a properly configured DRX. Besides, not all category of UEs are battery limited so for certain category of UEs, Type 3 would add flexibility to the scheduler for resource (re)-allocation during UL data (re)-transmission without grant. 
Proposal 1: Type 3 UL data transmission without grant should be supported.

Multiple resource allocation
Per agreement in the RAN1 NR Ad-Hoc#2 Meeting [1], multiple resource allocation is still FFS for both Type 1 and Type 2. Resource allocation for both Type 1 and Type 2 may be enabled in NR in a gNB configurable manner to allow for single resource allocation, UE autonomous multiple resource allocation or joint gNB-UE multiple resource allocation.
Single Resource Allocation: In the case that a UE is assigned to a single resource during grant free transmission, the gNB knows the exact resource in which to search for the UE. This is illustrated in Figure 1 and Figure 2.
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In the example in Figure 2, the gNB knows to search for UE1 and UE2 in resource 2 only and to search for UE3 and UE4 in resource n only. The blind decoding complexity is on the order of the number of UEs.
Multiple Resource Allocation with UE Autonomous Resource Selection: In the event that multiple UEs are assigned to a single resource, there may be some failure of the grant free transmission due to collisions between simultaneous grant free transmissions from multiple UEs. This problem may be resolved by assigning multiple UEs to multiple resources and allowing each UE to autonomously select a resource randomly. However, this solution may result in an increase in blind decoding complexity at the gNB. This is illustrated in Figure 3 and Figure 4.


[bookmark: _Ref490149398][bookmark: _Toc485826235]Figure 3: Single UE to multiple resources
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In the example in Figure 4, the gNB knows to search for all the UEs (UE1, UE2, UE3 and UE4) in all the resources available for grant free access (resources 2 and 4). The blind decoding complexity is on the order of the number of UEs multiplied by the number of resources assigned to each UE.

Multiple Resource Allocation with Pre-specified Resource Selection: To reduce the collision probability while minimizing the blind decoding complexity at the gNB, a UE may be assigned to multiple resources and access the resources in a deterministic manner known to both the UE and the gNB using a pre-sepcified access pattern which could be dynamically generated by a pseudo-random generator. Each element of the pattern may be used during each grant-free transmission event. The access of resources may occur during successive initial transmissions in a grant-free transmission or during repetitions of a grant-free transmission from a UE. 
As illustrated in Figure 5, the UE is assigned to a single logical set of resources that is mapped using a pre-specified pattern to multiple physical resources.
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As the gNB knows the resource that will be used by the UE, it reduces the complexity of the blind decoding procedure while also reducing the probability of of collisions as illustrated in Figure 6.
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In Figure 6, the gNB searches for UE1 in resource 2 for slot 1 and resource 4 for slot n. It searches for UE2 in resource 2 or slots 1 and n. It searches for UE3 in resrouce 4 for slot 1 and resource 2 for slot 2. It searches for UE4 in resource 4 for slots and 2. As can be seen from this example, the blind decoding complexity is on the order of the number of UEs similar to the single resource allocation. 

Proposal 2: Multiple resource allocation should be supported for UL data transmission without grant.
Proposal 3: Multiple resource allocation for UL data transmission without grant should not increase blind decoding complexity at the gNB.

Conclusion
In this contribution, we discussed our views on the remaining aspects of UL data transmission without grant. We made the following proposals:

Proposal 1: Type 3 UL data transmission without grant should be supported.

Proposal 2: Multiple resource allocation should be supported for UL data transmission without grant.
Proposal 3: Multiple resource allocation for UL data transmission without grant should not increase blind decoding complexity at the gNB
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