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1 Introduction
This contribution is a revision of R1-1715534.

In RAN1#90 and NR Ad hoc#3 meeting, regarding the UL data transmission procedure without grant, the related agreements are made as follows:
Agreements:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· It is not necessary to support Type 3 UL transmission without UL grant
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
Agreements:
· Type 3 UL transmission without UL grant is not supported in Rel.15.

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

Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

In this contribution, we focus on the FFS issues of uplink transmission without grant 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. 
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 URLLC transmission. Upon reception of an “ACK” indication from gNB, UE shall terminate the repetition of the corresponding TB even if the number of repetitions has not reached K. 

Proposal 1: For an uplink PUSCH transmission without grant, the HARQ-ACK feedback is supported.

Proposal 2: For a UE configured with K repetitions for an UL TB transmission without grant, the UE is expected to detect the corresponding HARQ-ACK feedback before the number of repetitions reaches K.

Proposal 3: For a UE configured with K repetitions for an UL TB transmission without grant, the UE stops transmitting the TB if an ACK for the TB is detected before the number of repetitions reaches K.

For the HARQ-ACK feedback indication from gNB to UE, below options are listed as candidate solutions to indicate HARQ-ACK feedback for UL transmission without grant: 

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

In Option 1, if the UL grant is only used to indicate “ACK” to early terminate the ongoing grant-free transmission repetition, then the solution is not as economic and efficient as Option 2, i.e., using group-common DCI.  This is because Option 2 needs less signaling overhead than Option 1. The common DCI can indicate ACK or NACK to multiple UEs and each field in this DCI can be pre-assigned via RRC signaling to a specific UE, like legacy DCI format 3/3A. This allows a common DCI to indicate ACK/NACK to multiple UEs, so that DL control signaling overhead can be reduced from the perspective of system. 

On the other hand, it is noted that RAN1 has already agreed that the retransmission of an UL grant-free transmission can be scheduled by an UL grant. Hence, UL grant in the above option 1 can be used to not only indicate “NACK” but also schedule the ongoing grant-free transmission repetition to grant-based retransmission.
In Option 3, it is related to Option 1 and Option 2 since the ACK or NACK indication is carried in either UE-specific UL grant or group-common DCI. So it is better to firstly discuss the Option 1 and Option 2 then the detailed UE behaviors.

Hence, both UL grant and common DCI can be supported in NR for HARQ-ACK feedback indication for UL grant-free transmission. It is similar to LTE that both PHICH and UL grant are supported for HARQ-ACK indication for PUSCH transmission. In practice, using UL grant or common DCI is dependent on gNB implementation. E.g., if gNB decides to schedule the current grant-free PUSCH transmission to grant-based before the number of repetitions has not reached K, an UL grant is transmitted with one-bit NDI reused as one-bit ACK or NACK indication; if gNB just wants to early terminate the current transmission repetition, one bit of ACK in common DCI is enough. From UE’s perspective, detection of UL grant and common DCI may be performed in each slot. The conflicting ACK or NACK information between UL grant and common DCI should be avoided.
Proposal 4: Both UL grant and common DCI can be supported for indicating the HARQ-ACK feedback corresponding to an uplink PUSCH transmission without grant.
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 an uplink PUSCH transmission without grant, the HARQ-ACK feedback is supported.

Proposal 2: For a UE configured with K repetitions for an UL TB transmission without grant, the UE is expected to detect the corresponding HARQ-ACK feedback before the number of repetitions reaches K.

Proposal 3: For a UE configured with K repetitions for an UL TB transmission without grant, the UE can stop transmitting the TB if an ACK for the TB is detected before the number of repetitions reaches K.

Proposal 4: Both UL grant and common DCI can be supported for indicating the HARQ-ACK feedback corresponding to an uplink PUSCH transmission without grant.
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