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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#85 meeting, a WF [1] on the support of NR frame structure with asynchronous UL HARQ was agreed stating the following:  
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission.

In RAN1#86, the following agreements were achieved for UL grant-free transmission [2]:
· Continue study at least the following: 
· Retransmission/repetition and potential combining, e.g. HARQ

[bookmark: _Ref129681832]HARQ transmission is very important for increasing the reliability for UL grant-free transmission. In this contribution, retransmission schemes and HARQ feedback and signal combining are addressed for UL grant-free.

Discussion
In UL grant-free contention based transmission, the user transmits data in an arrive-and-go manner, without obtaining a scheduling grant or sending a scheduling request. Examples of applications in which a UL grant-free transmission scheme may be utilized include: massive machine type communication (m-MTC), ultra-reliable low latency communications (URLLC) and eMBB uplink for infrequency small packet traffic. More details on UL grant-free contention based transmission can be found in [3]. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If a packet of a user fails in an initial transmission, one or more re-transmission is needed. HARQ is an efficient and fast retransmission technique that can combine information from new transmission with previous transmission in an effective way. However, due to the grant-free nature of contention based transmission, the eNodeB (eNB) may not know the identity of the user as well as whether a transmission is new transmission or retransmission in advance. Therefore, how to perform HARQ process in grant-free scenario should be carefully studied. 
In [4], HARQ timing relationships for UL grant-free transmission has been discussed. In this report, we identify a few main issues in HARQ design for UL grant-free transmission and provide solutions to them, including
· How to make HARQ happen in UL grant-free transmissions? 
· How to perform HARQ feedbacks? 
· How to combine HARQ signals with best efforts? 

HARQ feedback
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In UL grant-free transmission, a user can wait till a fixed time period to figure out whether its previous transmission is successful and whether a retransmission is needed [4]. This is usually through an ACK/NACK feedback from the eNB. However, unlike grant-based transmission, the eNB is not aware of which UEs are transmitting information in advance. Therefore, eNB has to perform UE activity detection along with data detection. The UE activity detection can be done by using the pilot/reference signal (RS) as described in [5]. The ACK/NACK feedback mechanism depends on not only whether data decoding is successful, but also how well the UE activity detection goes. There are three different scenarios when eNB receives a UE transmission: 
1) the eNB successfully decoded the UE’s data and identified the user at the same time (thus ACK can be applied); 
2) the eNB successfully detected UE’s activity, but failed to decode the UE’s data (thus, NACK can be applied); 
3) the eNB failed to identify the user (missed UE activity detection) and failed to decode the data as well (thus, no feedback can be done). 
In the following, we discuss the potential solutions to HARQ process in each situation.
For the HARQ feedback, in situation 1), the eNB can send an ACK to all the successfully decoded users. As the user is expecting the feedback at a predefined timing, the user knows the packet is successfully decoded and no further re-transmission is needed.  
In situation 2), two cases can be further considered with potential solutions with respect to HARQ feedback: a) the eNB sends a NACK to the UE based on UE activity detection and the UE successfully receives it. b) The eNB sends feedback of NACK but the UE does not receive it. In later case since the timing of HARQ feedback is known to the UE, even if the UE does not receive an ACK from eNB at the expected timing, the UE can assume the packet is lost and a re-transmission can be send.  
In situation 3) eNB does not send any ACK/NACK feedback. A UE can determine if a re-transmission is needed if nothing is received at the pre-defined timing after the UE sent the packet.

Proposal 1: Further discuss the ACK/NACK feedback schemes for UL grant-free transmission from the following options: 
Option 1: a UE can receive either ACK or NACK;
Option 2: a UE is only possible to receive ACK.
Due to the potentially large number of unscheduled (and small packet) UL transmissions, the corresponding ACK/NACK signaling in the DL can result in additional overhead.  Therefore, group-based feedback can be applied to efficiently signal the ACK/NACK for the transmissions. To help resolve this issue, one option is to use the group feedback which combines many users’ feedback bits into one packet, and such a group feedback can be carried on DL control channel or DL data channel. In addition, an appropriate UE grouping mechanism for HARQ feedback will help eNB get some prior information, and avoid the unnecessary feedback further. 

[bookmark: OLE_LINK7][bookmark: _GoBack]Proposal 2: The ACK/NACKs for grant-free transmissions should include group-based feedback where ACK/NACKs of multiple users are conveyed in the same channel transmission.

Retransmission timing and re-transmission collision avoidance
Synchronized HARQ is supported in LTE’s grant-based UL transmissions. However, in UL grant-free transmission, as briefly discussed in [4], synchronized HARQ does not work well when traffic collisions can happen. This is because, for example, two UEs that fail to deliver packets due to collisions will collide again in sub-sequent (timing) synchronous retransmissions. Therefore, HARQ for UL grant-free transmission should at least support asynchronous re-transmissions to reduce probability of signal collisions.  

In applications such as URLLC with probably little traffic collision but with stringent latency constraints, HARQ re-transmissions require to consider the latency limit or the retransmissions (or repetition transmissions) can be applied without waiting for HARQ feedbacks.  Each user group can map a different MA resource in a different time duration, and each user   can map to different time and/or frequency MA resources from initial transmission to redundant or retransmissions. As shown in Figure 1, users will share one MA resource in their initial transmissions may not share a MA in their subsequent redundant (repetition) transmissions or retransmissions, where the mapping MA sources for one user may include time and frequency hopping-like patterns. Such a retransmission strategy can reduce the transmissions latency and the collision probabilities, which could potentially perform HARQ signal combined, in order to enhance the performance.    Moreover, such a scheme is also beneficial for joint multi-user detection in the sense that any successful decoding of any user signal can help “SIC” itself and better detect the other users’ signals that haven’t yet successfully decoded.   
[image: ]
Figure 1 UE group mapping to MA resources for retransmissions with different time and frequency patterns

The re-transmission timing can be either determined by the UE itself or explicitly scheduled by the eNB. When the re-transmission is explicitly scheduled, UE’s retransmission can use dedicated resources, which can completely avoid collision on a re-transmission. In this case, the eNB may send a scheduling grant (SG) together with NACK signaling to the UE, using downlink control signaling. The SG may carry for the next transmission attempt the information regarding the dedicated resources, and/or MCS format and the redundancy version to be used. On a tradeoff, the drawback is the increased signaling and inefficient resource usage.  When contention-based re-transmission is supported, UE can choose a random back-off time to support asynchronous HARQ, which helps avoid collisions with another UE’s retransmission. 
Proposal 3: UL grant-free transmissions should at least support asynchronous retransmissions.
Proposal 4: UL grant-free transmissions should support retransmissions or redundant transmissions with predefined time and frequency hopping-like patterns.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: UL grant-free re-transmissions should support contention-based and contention-free retransmissions.
Retransmission identification and HARQ combining
One of the main challenges for HARQ in UL grant-free system is the lack of scheduling grant (SG), which means the eNB does not know whether a transmission from a UE is a new transmission, a first re-transmission or a sub-sequent re-transmission. As in LTE, HARQ should support soft combining based on either chase combining (CC) or incremental redundancy (IR). In the case where HARQ combining is based on IR, the redundancy version (RV) of a transmission is also not known to the eNB. In the case of asynchronous contention-based re-transmission, the eNB also cannot rely on the time interval between a new transmission and a re-transmission to predict when a re-transmission of a UE is coming. Therefore, the main question for HARQ design in a UL grant-free transmission is “how to perform HARQ combining with the lack of the aforementioned information?”  In this section, we provide a solution which is based on pilot-assisted HARQ combing. 
As discussed in [5], the receiver procedure for a UL grant-free transmission consists of activity detection, channel estimation and data decoding. A UE usually randomly select a pilot from a large pilot pool for its initial transmission. The eNB typically relies on pilot/reference signal (RS) for both activity detection and channel estimation. In the case when the eNB fails to decode the data, potentially due to data collision, it is also hard for the eNB to identify which UE is transmitting the data and whether a transmission is a new transmission or re-transmission. However, the good news is that the eNB does not need to know the exact UE identify in order to perform the HARQ combing. The eNB can performance HARQ combing as long as it knows the re-transmission and new transmission belongs to the same packet of the same UE. 
To address this problem, one way is to use different pilots to map to new transmission and re-transmissions  to identify the transmission of a same packet by the same UE. For example, Figure 2 shows the initial and re-transmissions of the same packet from one UE.   p1, p2 and p3 are mapped pilots from initial transmission, 1st retransmission and 2nd re-transmission, respectively. If the eNB successfully identified all the pilots during the transmission, eNB can still potentially decode the signal by combing all the uncoded packets. Note that it is possible that one or more pilots during the new and re-transmissions are not able to detect correctly, and thus only part of these transmissions from the same packet of the same user can be combined; some miss detection cases are described in the next subsection. .  
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Figure 2: Initial transmission and re-transmission of one user with mapped pilots
Another way is for UE to maintain its transmission attempt counter for each packet, based on no feedback and ACK/NACK feedback from eNB.  By using a fixed mapping of transmission attempt number to redundancy version, no additional signalling overhead is needed to convey the RV information to the eNB to perform HARQ combining.
Observation 1: HARQ combing for UL grant-free transmission needs to first identify whether initial transmission and re-transmission belongs to the same packets from the same UE.
Proposal 6: The IR and CC schemes should be studied in UL grant-free uplink HARQ signal combination.
Proposal 7: Pilot/reference signal can be used to identify the mapping between initial transmission and re-transmission, enabling HARQ combining for UL grant-free transmission.
Proposal 8: Certain pre-defined (e.g., fixed) mapping of transmission attempt number to redundancy version can be used to reduce signaling overhead.
Missed UE activity detection management 
In previous sections, the HARQ strategy assumes activity detection is successfully performed at eNB. In the case of missed detection of a UE activity, eNB may not be able to send any feedback to the UE. In such scenarios the behaviour of UE and eNB should be transparent to each other, so that no additional signalling is required to convey their actions to each other. If no any feedback is received at an expected timing after a packet transmission by a UE, a few things can happen: 1) UE does not receive an ACK when eNB actually sends the ACK; 2)  UE does not receive a NACK when eNB actually sends the NACK; 3)  eNB really does not send any feedback due to missed UE activity detection. From the UE perspective, it will has no knowledge of which case occur, and will assume any of these cases as a packet transmission failure or a missed UE activity detection failure.
As when the missed UE activity detection happens, a UE which experiences an ACK/NACK feedback time-out will have different options to apply retransmission RV numbers; one option is that the UE could keep the same transmission attempt number and use the same RV during retransmission as in the previous transmission attempt until it receives ACK/NACK signaling from eNB. In some extreme cases, the ARQ can be applied if the eNB is not able to figure out the transmitted signals to perform HARQ combining.
Proposal 9:The missed UE detection handling schemes in the UL grant-free transmissions should be studied.

Conclusions
In this contribution, we discussed the major challenge in HARQ design for UL grant-free transmission. We also provide solutions to these challenges. According to the above discussions, we have following proposals:
Observation 1: HARQ combing for grant-free transmission needs to first identify which initial transmission and re-transmission belongs to the same packets from the same UE.
Proposal 1: For ACK/NACK feedback for grant-free transmission, the following two solutions should be considered: 1) eNB send ACK feedback only. 2) eNB send both ACK and NACK feedback.
Proposal 2: The ACK/NACKs for grant-free uplink transmissions should support group-based feedback where ACK/NACKs of multiple users are conveyed in the same channel transmission.
Proposal 3: UL grant-free transmissions should at least support asynchronous retransmissions.
Proposal 4: UL grant-free transmissions should support retransmissions or redundant transmissions with predefined time and frequency hopping-like patterns.  
Proposal 5: UL grant-free re-transmissions should support contention-based and contention-free retransmissions.
Proposal 6: The IR and CC schemes should be studied in grant-free uplink HARQ signal combination.
Proposal 7:  Pilot/reference signal can be used to identify the mapping between initial transmission and re-transmission, enabling HARQ combining for grant-free transmission.
Proposal 8: Certain pre-defined (e.g., fixed) mapping of transmission attempt number to redundancy version can be used to reduce signaling overhead.
Proposal 9: The missed UE detection handling schemes in the grant-free transmissions should be studied.
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