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1. Introduction
In RAN1 NR AH#2 Meeting, in order to support UL URLLC transmission without grant following agreements have been made.

Agreements:
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 

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 RAN1 NR AH#3 Meeting, following agreements have been made.

Agreements:
· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)
· FFS BWP related information for frequency domain resource allocation

Based on above agreements, we would like to make more detailed technical developments to enable UL transmission without grant more rapidly with the following discussions.

2. UL resource allocation for grant-free transmission
In order to support grant-free UL URLLC transmission, we need to define URLLC resource duration and URLLC resource unit in a given resource configuration. The URLLC resource duration is defined by consecutive multiple slots or mini-slots in a configured time/frequency domain allocation for URLLC as in Figure 1. URLLC resource duration is composed of multiple resource units of the same size conveying a RV of a TB.

[bookmark: _Ref494705205]Proposal 1: Define URLLC resource duration and URLLC resource unit.



Figure 1: URLLC resource duration and URLLC resource unit.

3. K repetitions for UL grant-free transmission
In order to improve detection probability and avoid collision between URLLC transmissions from different users, K repetition transmissions have been introduced in NR grant-free UL URLLC transmission. 
Before continuing the discussion regarding this, we need to answer the following questions. 1) How many slots (or mini-slots) are required to complete the K repetitions? 2) Do we need to define maximum number of slots (or mini-slots) during which K repetitions shall be completed?
If the maximum number of slots (or mini-slots) for K repetitions is large enough, we need to specify HARQ-ACK process for early termination. Otherwise K repetitions of UL transmission shall be completed without any HARQ acknowledgement from the gNB. We think that minimum number of consecutive slots (or mini-slots) to complete K repetitions should be URLLC resource duration.

[bookmark: _Ref494705209]Proposal 2: Maximum number of slots (or mini-slots) during which K repetitions of grant-free UL transmissions shall be completed should be defined.

[bookmark: _Ref494705214]Proposal 3: URLLC resource duration is the minimum number of consecutive slots (or mini-slots) to complete K repetitions.

3.1 DL HARQ-ACK transmission
Previous agreements captured ACK transmission for grant-free transmission during or after K repeated transmissions. The ACK state corresponds to when the serving gNB identifies UE ID and successfully decodes TB transmitted by the UE. The ACK can be indicated by the implicit mapping but its reliability can be improved if the CRC is present. To this end, the ACK can be included as payload in the DCI. To reduce the overhead, a group common DCI can be used, which carries many ACK bits.
The ACK only signalling in the GC-DCI may have two distinct approaches. The first approach is similar to LTE RAR (Alt 1); the second approach is similar to LTE PHICH (Alt 2). The LTE RAR based Alt 1 only echoes the detected UE ID. Each UE ID can be uniquely represented by the DM-RS ID and associated the GF PUSCH resource ID. With the given GF PUSCH resource, the serving gNB identify the DM-RS resources. The GC-DCI includes the detected DM-RS ID and its order implies the used grant-free PUSCH resource.
The LTE PHICH based Alt 2 includes the bit string. The bit itself represents ACK or NACK/DTx (or NACK/collision). The location of bit implies the DM-RS ID and the GF PUSCH resource. The GF PUSCH resource is indicated by using proper ordering. The length of the bit string depends on the total number of GF PUSCH resource and the total number of assigned DM-RS resources.

[bookmark: _Ref492589440]Proposal 4: Either LTE RAR based approach or LTE PHICH based approach is supported for Option 2-1 (ACK only on GC-DCI).

4. Grant-free to Grant-based transition
Upon the arrival of URLLC traffic, UE selects K resource units depending on its ID and transmits corresponding RVs. Since there is a collision probability, we prefer all the K repetitions of the same TB should be self-decodable.
When the UL URLLC traffic is composed of multiple TBs, the first TB containing the BSR is transmitted based on grant-free procedure. After detecting the first TB including BSR, gNB dynamically and adaptively grants UL resource to the corresponding UE to be used to transmit the remaining subsequent TBs until the buffer of the arrived URLLC traffic is completely empty.

[bookmark: _Ref494705220]Proposal 5: The first TB of the URLLC traffic is transmitted based on grant-free and the subsequent TBs are transmitted based on grant-based. The first TB contains BSR.

5. HARQ PID 
For the first TB transmission with K repetitions, HARQ PID is derived from the time/frequency resource locations of selected K resource units and used DMRS pattern. 

For the remaining subsequent TB transmissions without K repetitions, HARQ PID is explicitly indicated because NR UL HARQ is based on asynchronous and adaptive. Explicit indication of HARQ PID can be in UL grant DCI or the same HARQ PID used for the first TB is reused.

[bookmark: _Ref494705224]Proposal 6: The HARQ PID of first TB is derived from the time/frequency resource locations of selected K resource units and used DMRS pattern.

[bookmark: _Ref494705243]Proposal 7: For the remaining subsequent TBs after the first TB, HARQ PID is explicitly indicated in UL grant DCI or the same HARQ PID used for the first TB is reused.

6. Conclusion
Based on the above discussions, our proposals are as follows:

Proposal 1: Define URLLC resource duration and URLLC resource unit.

Proposal 2: Maximum number of slots (or mini-slots) during which K repetitions of grant-free UL transmissions shall be completed should be defined.

Proposal 3: URLLC resource duration is the minimum number of consecutive slots (or mini-slots) to complete K repetitions.

Proposal 4: Either LTE RAR based approach or LTE PHICH based approach is supported for Option 2-1 (ACK only on GC-DCI).

Proposal 5: The first TB of the URLLC traffic is transmitted based on grant-free and the subsequent TBs are transmitted based on grant-based. The first TB contains BSR.

Proposal 6: The HARQ PID of first TB is derived from the time/frequency resource locations of selected K resource units and used DMRS pattern. 

Proposal 7: For the remaining subsequent TBs after the first TB, HARQ PID is explicitly indicated in UL grant DCI or the same HARQ PID used for the first TB is reused.
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