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Introduction
Grant-free UL transmission was agreed for NR and is an enabling feature for low latency communications. At the RAN1 #NR_AH2 meeting good progress was made on establishing a framework for grant-free UL transmission. Specifically, the following was agreed [1], 
Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· NR supports more than 1 HARQ process for UL transmission without grant
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant
· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 

· 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 some outstanding aspects regarding grant-free UL transmission procedure.
Discussion

HARQ operation
It was agreed that a UE may be configured for K repetitions of a HARQ transmission. However, several aspects of the HARQ operation are still unresolved such as how to determine the HARQ process ID. 
The first resource (slot or mini-slot) of the K-repetition transmission can be used to calculate the HARQ process ID, i.e. the HARQ process ID can be a function of the grant-free physical resource. If the gNB identifies a UE, the gNB may provide HARQ-ACK feedback to the UE corresponding to the HARQ process ID as shown in Figure 1.


Figure 1 Procedure of grant-free UL transmission
Proposal 1: The HARQ process ID is derived as a function of the grant-free occasion

If an UL grant is received with the same HARQ process as the grant-free transmission, the UE follows the information contained in this UL grant. This can be used to schedule a retransmission of the same HARQ process as shown in Figure 1. A grant-based retransmission should schedule resources different from the configured grant-free resources to avoid possible collision. In this sense this is not different from other grant-based UL transmission.
It should be possible for the gNB to indicate an ACK without requesting UL data transmission. If an ACK, which is corresponding to a specific HARQ process ID of the grant-free transmission, is received, the UE could trigger the next grant-free UL data transmission with a new calculated HARQ process ID. The mapping between ACK and a specific HARQ process ID is FFS. 
Proposal 2: it should be possible for the gNB to indicate at least an ACK without requesting an UL data transmission.

Power control aspects
An open issue is whether closed loop power control should be supported for grant-free transmission. Consider the general closed-loop power control expression shown below


In LTE the closed loop parameter f can be updated based on TPC commands provided in a DCI. For grant-free transmission TPC commands may also be provided in a group-common DCI such as LTE DCI formats 3/3A. However, further investigation is required on how often such TPC commands should be provided to make closed loop power control beneficial. For example, different power control step sizes may be considered depending on the use case. 
Proposal 3: closed loop power control may be supported in principle. Further investigation required on signaling of TPC commands

Necessity of additional grant-free schemes
At least two types of grant-free UL transmission would be specified in Rel-15, namely Type 1 and Type 2. For Type1 no L1 signaling is required to kick-start transmission on a configured UL resource. In contrast, Type2 essentially follows the principle of LTE SPS operation, whereby the periodicity of the UL resource and power control parameters are configured by RRC signaling while all other physical layer parameters are provided in an activation PDCCH.  
A so-called Type3 was also mentioned in discussions at the previous meeting where this type seems to be a hybrid of Types 1 and 2 by not requiring L1 activation but supporting L1 reconfiguration of RRC configured transmission parameters.  The relative pros and cons of Types 1 and 2 are well understood and RAN1 came to the conclusion that both are complementary and can be supported in NR. It is not clear what material benefits a hybrid of these two schemes further provides. Furthermore, given that we are fast approaching the end of the work item, it is not beneficial to introduce yet another scheme when as can be seen from the agreements, there are still a lot of issues to finalize for the already agreed schemes. 

Observation: there does not seem to be a material benefit of introducing another grant-free UL transmission scheme.
Proposal 4: finalize specification of Type 1 and Type grant-free transmission before considering whether to introduce an additional scheme.

Conclusion
In this contribution, we discuss some outstanding aspects of the grant-free UL transmission procedure. The proposals are summarized as follows:
Proposal 1: The HARQ process ID is derived as a function of the grant-free occasion.
Proposal 2: It should be possible for the gNB to indicate at least an ACK without requesting an UL data transmission.
Proposal 3: Closed loop power control may be supported in principle. Further investigation required on signaling of TPC commands.
Observation: there does not seem to be a material benefit of introducing another grant-free UL transmission scheme.
Proposal 4: finalize specification of Type 1 and Type grant-free transmission before considering whether to introduce an additional scheme.
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