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

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

Agreements:
· 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.

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

2. Considerations on URLLC grant-free transmission Types
URLLC traffic from higher layer arrives at a UE sporadically. In order to reduce latency, upon arrival of URLLC traffic, the UE can transmit it without grant using Type 1, Type 2 or (FFS) Type 3. In grant free (GF) transmission, Type selection should be based on the size of arrived URLLC traffic as explained as follows: 
1) Size of URLLC traffic  X bytes

As agreed in RAN1 NR AH#2 Meeting, time and resource frequency resources for GF transmission are configured in a UE-specific manner. If UE-specific time/frequency resources for URLLC transmissions for multiple UEs are not configured to share each other, the required amount of resources for this orthogonal configuration may be too large to be prepared. 

However, if multiple UEs share the same time/frequency resources, collisions between URLLC traffics from multiple UEs are inevitable. In order to solve this problem, the K-repetition transmission is introduced.
Figure 1 is an usage example of Type 1 GF transmission, where time/frequency resource is shared by multiple UEs (UE1, UE2, …, UEn). Each shared resource consists of multiple URLLC resource unit of fixed size (URLLC resource unit 1, URLLC resource unit 2, ..., URLLC resource unit L). As explained in the Figure, upon arrival of traffic, UE1 transmits it using randomly selected two URLLC resource units if K is configured to 2.

For the operation of Type 1, configurations of following parameters are needed
· UE-specific resource configuration for GF URLLC transmission should be defined by M symbols – by – N PRBs, FFS values of M and N
· Size of URLLC resource unit should be defined by m symbols – by - n PRBs, FFS values of m and n
· FFS Number of fixed size URLLC resource units in M symbols – by – N PRBs (URLLC resource index: 1, 2, …, L)
· Selection of K URLLC resource units among L should be randomized using at least UE ID (i.e., UE RNTI)


Figure. 1: URLLC traffic transmission using Type 1.

Proposal 1: For the operation of Type 1, configurations of following parameters are needed
· UE-specific resource configuration for GF URLLC transmission should be defined by M symbols – by – N PRBs, FFS values of M and N
· Size of URLLC resource unit should be defined by m symbols – by - n PRBs, FFS values of m and n
· FFS Number of fixed size URLLC resource units in M symbols – by – N PRBs (URLLC resource index: 1, 2, …, L)
· Selection of K URLLC resource units among L should be randomized using at least UE ID (i.e., UE RNTI)

2) Size of URLLC traffic > X bytes

When the arrived traffic size is big enough to be segmented to a large number of TBs, it is not efficient for all TBs consisting of arrived URLLC traffic to be transmitted using Type 1 method with K repetition.

One possible way to improve the transmission efficiency of this type of large size URLLC traffic is to separate the first TB consisting the URLLC traffic and the subsequent TBs following the first one. Then, the first TB is transmitted using Type 1 method and the subsequent TBs are transmitted based on Type 2 or using grant based method as in Fig. 2 and Fig. 3, respectively.

Procedures for transmitting large size URLLC traffic are as follows:
· Upon the arrival of URLLC traffic, the first TB is transmitted using Type 1 method. The first TB contains BSR-like indication regarding arrived URLLC traffic.
· At the first DL slot after arriving of URLLC traffic, transmission is scheduled referring to BSR-like indication carried by TB1. SPS-like scheduling is activated for the subsequent TBs on the not-used URLLC resource as in Fig. 2.
· If the eMBB resource utilization is low, URLLC traffic can be transmitted using the eMBB resource as in Fig. 3. URLLC scheduling is possible on eMBB resource as well as on URLLC resource. When scheduled on eMBB resource, much larger resource than the one on URLLC is possible. SPS-like scheduling is also possible to reduce control overhead.




Figure. 2: URLLC traffic transmission using Type 1 and Type 2 sequentially.



Figure. 3: URLLC traffic transmission on eMBB resource.

Proposal 2: Procedures for transmitting large URLLC traffic are as follows:
· Upon the arrival of URLLC traffic, the first TB is transmitted using Type 1 method. The first TB contains BSR-like indication regarding arrived URLLC traffic.
· At the first DL slot after arriving of URLLC traffic, transmission is scheduled referring to BSR-like indication carried by TB1. SPS-like scheduling is activated for the subsequent TBs on the not-used URLLC resource as in Fig. 2.
· If the eMBB resource utilization is low, URLLC traffic can be transmitted using the eMBB resource as in Fig. 3. URLLC scheduling is possible on eMBB resource as well as on URLLC resource. When scheduled on eMBB resource, much larger resource than the one on URLLC is possible. SPS-like scheduling is also possible to reduce control overhead.

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

Proposal 1: For the operation of Type 1, configurations of following parameters are needed
· UE-specific resource configuration for GF URLLC transmission should be defined by M symbols – by – N PRBs, FFS values of M and N
· Size of URLLC resource unit should be defined by m symbols – by - n PRBs, FFS values of m and n
· FFS Number of fixed size URLLC resource units in M symbols – by – N PRBs (URLLC resource index: 1, 2, …, L)
· Selection of K URLLC resource units among L should be randomized using at least UE ID (i.e., UE RNTI)

Proposal 2: Procedures for transmitting large URLLC traffic are as follows:
· Upon the arrival of URLLC traffic, the first TB is transmitted using Type 1 method. The first TB contains BSR-like indication regarding arrived URLLC traffic.
· At the first DL slot after arriving of URLLC traffic, transmission is scheduled referring to BSR-like indication carried by TB1. SPS-like scheduling is activated for the subsequent TBs on the not-used URLLC resource as in Fig. 2.
· If the eMBB resource utilization is low, URLLC traffic can be transmitted using the eMBB resource as in Fig. 3. URLLC scheduling is possible on eMBB resource as well as on URLLC resource. When scheduled on eMBB resource, much larger resource than the one on URLLC is possible. SPS-like scheduling is also possible to reduce control overhead.
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