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1 Introduction
Due to the stringent latency requirements of URLLC traffic, UL transmission without grant is supported for URLLC in order to save the time of waiting for UL grant. In RAN1 NR Ad hoc#2 meeting, regarding the UL data transmission procedure without grant, the related agreements are made as follows:
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
However, there is no such agreement on HARQ procedure for UL URLLC. Especially in grant-free based UL URLLC transmission, HARQ details, e.g., HARQ-ACK transmission/reception, HARQ retransmission, repetition and potential combining, need further study.  In this contribution, we focus on the transmission repetition and HARQ retransmission issues of uplink grant-free URLLC transmission and present our views.
2 Discussion
As required by ITU, 5G NR may support diverse services in a common carrier with same or different numerologies. Different traffic types have different KPI requirements, e.g., compared to eMBB, URLLC requires shorter latency tolerance and higher transmission reliability. To be specific, one-way user plane latency for URLLC design target should be 0.5ms for both UL and DL; the corresponding latency requirement for eMBB is 4ms for both UL and DL, i.e. 8 times more relaxed. The detailed description on the KPI of NR in user plane latency is described in TR38.913 [3].
Additionally, for the requirement on transmission reliability, 32 bytes of URLLC traffic should have transmission successful probability reached to 1-10-5 within the duration of 1ms. Usually, the transmission successful probability for UL eMBB data transmission is 1-10-1. The requirements on transmission reliability and low latency make the design of URLLC very challenging. 

Conventional SR triggered and scheduling-based UL transmission may not guarantee the stringent URLLC traffic latency requirement of 0.5ms after the UL traffic is pushed to the buffer for transmission. For the purpose of fast UL transmission, grant-free based UL transmission is proposed and extensively discussed in RAN1. Since grant-free UL transmission can transmit UL data as soon as the UL traffic is pushed to buffer, it is not necessary for UE to transmit SR and wait for UL grant. In this way, UL grant-free based URLLC transmission can satisfy the latency requirement.

However, compared to scheduling based mechanism, grant-free based uplink transmission has an inherited problem in transmission reliability especially when multiple UEs select same time-frequency resource for autonomous uplink transmission. Such overlapping in transmission resource selection leads to mutual interference and transmission reliability is difficult to reach 1-10-5within one millisecond. Hence, HARQ transmission is inevitably considered for grant-free based uplink URLLC transmission to ensure the transmission reliability is satisfied. 
When the HARQ is considered for grant-free UL URLLC transmission, some problems need to be solved beforehand. 
2.1 HARQ-ACK feedback

As mentioned in Section 1, for the purpose of reliability, a URLLC UE can be configured with K repetitions for a TB transmission without grant. So the UE can transmit K repetitions of one TB to gNB without the need of UL grant. It is not efficient for the UE to always transmit K repetitions of a TB without checking the ACK/NACK from gNB as what a NB-IoT device does. An economical way is for gNB transmits an ACK to the UE as soon as gNB has successfully received the TB. In this way, the UE can early terminate the transmission repetition of the TB before the number of transmission repetitions for the TB reaches K. There are two benefits for such early termination of transmission repetition, one is the UE can save the uplink transmit power and another is the time-frequency resource can be saved.
Based on this, HARQ-ACK feedback from gNB to UE is still required for uplink grant-free based URLLC transmission. A straightforward solution is to use a channel like legacy PHICH for indicating ACK or NACK corresponding to a received PUSCH. An alternative solution is required because NR does not support PHICH. More efficient solution is to use a common DCI, like legacy DCI format 3/3A, to indicate ACK or NACK to multiple UEs and each field in this DCI is pre-assigned via RRC signaling to a specific UE. This allows a common DCI to indicate ACK/NACK to multiple UEs, so that DL control signaling overhead can be reduced. 

Proposal 1: For UE configured with K repetitions for a TB transmission with/without grant, the UE can stop transmitting the TB if an ACK is successfully received from gNB.

Proposal 2: A common DCI is used for indicating the feedback of ACK corresponding to an uplink grant-free URLLC transmission.
2.2 Synchronous UL HARQ or asynchronous UL HARQ

In Rel-8, LTE specifies synchronous HARQ for uplink transmission in order to reduce the signaling overhead of UL scheduling. So, only one HARQ-ACK bit is carried in PHICH corresponding to uplink PUSCH transmission and can trigger non-adaptive UL PUSCH retransmission in case of NACK. In Rel-14 eLAA UL transmission, due to required LBT behavior, UE’s uplink transmission is dependent on the results of LBT and cannot be guaranteed in the scheduled subframe. Therefore asynchronous HARQ is introduced in Rel-14 eLAA with the addition of explicit HARQ process ID and RV information in UL grant signaling.

Grant-free uplink transmission may lead to resource collision in uplink. When multiple UEs transmit their PUSCHs in grant-free uplink transmission mode in same time-frequency resource, the gNB cannot separate the overlapping signals. This may happen frequently if no interference control is introduced. Especially, so far, we cannot assume the number of UL URLLC UEs served in one cell is small. 

If synchronous HARQ is adopted for UL grant-free URLLC transmission, when resource collision occurs in subframe n, it will repeat in subframe n+8, assuming the FDD legacy n+4 timing relationship is reused. Consequently, to avoid such repeated congestion, it is better for UEs which transmit in the same subframe to retransmit in different subframes. The details can be further studied. Therefore, asynchronous HARQ can be supported for uplink grant-free URLLC transmission for interference control.

Proposal 3: Asynchronous HARQ is supported for uplink grant-free URLLC transmission.
On the other hand, in case of synchronous HARQ for uplink grant-free URLLC transmission, if a UE transmits a TB in PUSCH in subframe n and receives NACK in subframe n+x, then UE shall retransmit the TB in PUSCH in subframe n+x+k. The value of x and k are dependent on gNB/UE processing time and air interface transmission delay, and x and y can be fixed in the specification for simplicity. With synchronous HARQ for uplink transmission, the gNB can tell exactly the subframe where a retransmission occurs after it sends HARQ-ACK corresponding to previous received PUSCH. Assuming non-adaptive retransmission is supported for UL grant-free URLLC transmission, retransmission can be triggered by one-bit NACK. This non-adaptive synchronous HARQ for UL grant-free URLLC transmission not only reduces signaling overhead but also simplifies UE’s blind detection, since the original transmission and retransmission can use the same time-frequency resource and MCS. This is especially true because UL URLLC is assumed with small payload size and low latency. At gNB side, gNB can combine the received signal with previous (re)transmission for further decoding. In this way, the performance can be improved. Therefore, synchronous HARQ can also improve performance gain if congestion does not happen, i.e., in case the number of UL URLLC UEs is small in one cell.

Proposal 4: Synchronous HARQ is supported for uplink grant-free URLLC transmission.
3 Conclusion

In this contribution, we focus on possible issues of grant-free based uplink URLLC transmission for NR and present our views. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: For UE configured with K repetitions for a TB transmission with/without grant, the UE can stop transmitting the TB if an ACK is successfully received from gNB.

Proposal 2: A common DCI is used for indicating the feedback of ACK corresponding to an uplink grant-free URLLC transmission.
Proposal 3: Asynchronous HARQ is supported for uplink grant-free URLLC transmission.
Proposal 4: Synchronous HARQ is supported for uplink grant-free URLLC transmission.
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