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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding UL non-orthogonal multiple access (NOMA) and UL grant-free transmissions [1]:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC.
In addition, the following agreements were made with respect to the definition of MA resource and MA physical resource [1]: 

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block

· Note: spatial dimension is not considered as a physical resource in this context

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 
For the case of grant-free UL transmissions, one important aspect is the determination of MA resource for UL transmissions. In this regard, RAN1 made the following agreements during the RAN1 #86 meeting [1]:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

It was also agreed to further study at least the following [1]:

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

In this contribution, we present our view on the support of retransmissions and HARQ for grant-free UL NOMA transmissions. 
2 On repetitions and retransmissions
Considering the target use cases of mMTC with requirements of enhanced coverage support, it is inevitable that NOMA transmissions should support transmission of an UL transport block (TB) using repetitions. In this sense, the support of repetitions can be considered as part of MCS selection for a single transmission of an encoded TB. This is further discussed in our companion contribution on link adaptation and MCS selection [2].

Given the lack of accurate link adaptation that is available in scheduled grant-based UL transmissions and the inherent contention-based multiple access mechanism, it is important that grant-free schemes support retransmission opportunities to improve the reliability of the transmissions. Depending on the grant-free transmission mechanisms, various considerations need to be taken into account for the support of retransmissions and HARQ.
In the rest of this contribution, we discuss various details on support of retransmissions and HARQ including ACK response mechanisms, support of early termination, and different forms of HARQ retransmissions that should be further considered as part of studies on grant-free UL NOMA. Adaptation of transmission characteristics during retransmissions like MCS, repetition level, and transmit power are discussed in [2].
3 ACK response based feedback for grant-free UL transmissions
For grant-free transmissions from a UE, the base station (BS) may or may not be aware of the UE’s identity until the packet is successfully decoded. Thus, only an ACK-based response mechanism can be supported, wherein the BS indicates positive ACKnowledgment in response to a successfully decoded packet.

Thus, after UE transmits the uplink data packet using NOMA, it may expect ACK response from eNB within an ACK response window. Further, ACK response can be transmitted in an UE specific or group specific manner. In the latter case, eNB may feedback ACK response for multiple UEs who transmit the uplink data in the same physical resources, which may help reduce signalling overhead and improve spectrum efficiency. Further, similar to RAR, CRC for DL control over a common search space can be scrambled by a new RNTI which is defined as a function of time/frequency index of an MA physical resource within the resource pool.
As a general mechanism, if a UE does not receive the ACK response from eNB within the ACK response window, it may need to wait until next opportunity for uplink data transmission. Further, random back-off mechanism with appropriate power adjustment on the retransmission may be desirable for collision handling and interference management. This is further discussed in the sequel in the context of synchronous and asynchronous HARQ. If a maximum number of retransmission is reached, UE may transmit the data following conventional uplink transmission procedure using grant-based transmission scheme. Fig. 1 illustrates such a generic form of grant-free uplink transmission and retransmission procedure.
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Fig. 1: Grant-free uplink transmission and retransmission based on ACK response mechanism

Proposal 1

· Retransmissions of grant-free UL transmissions are based on an ACK response mechanism.

· ACK response to grant-free UL transmission can be UE specific or group specific. 

For the case of transmissions using a large number of blind repetitions, e.g., targeting enhanced coverage, transmissions with repetitions with early termination support can be beneficial towards reducing UE power consumption. In this case, the repetitions are transmitted with some predefined gaps in the time domain to allow the UE to monitor for a positive ACKnowledgment from the BS. In case such an ACK is received, the UE may terminate transmissions, thereby saving UE power and reducing the interference level in the system.
Proposal 2

· Considering the potential need for enhanced coverage support and grant-free UL transmissions using large number of blind repetitions, support of early termination mechanisms should be studied further.

4 Synchronous HARQ
Following the ACK response based retransmission scheme, the resource used for retransmission can be a deterministic function of the index of the MA physical resource within the MA physical resource pool that was used for the initial transmission. 
Depending on the exact MA resource pool configuration, although the exact resource used for retransmission may not maintain a fixed timing relationship with respect to the initial transmission on an absolute time scale, the instance of retransmission opportunity and at least the MA physical resource used for retransmission can be known beforehand at the UE and the BS receiver without explicit indication from the BS, thereby implying a synchronous HARQ mechanism. 
Thus, as a simple example, for retransmission attempt #i, the MA physical resource index in time domain relative to the MA physical resource pool, maResourceInTime(i), with i = 1, 2, ..., can be described as  

maResourceInTime (i) = maResourceInTime (i-1) + maReTxDelay,

where maReTxDelay can be configured via higher layers or even fixed. Further enhanced resource mapping functions like use of pseudorandom functions of cell ID and the prior resource index should be investigated as well.

Similarly, the frequency location for the resource used for retransmission can be determined as a deterministic function of the initial resource location. In this case, frequency hopping can be applied for the retransmission resources to realized frequency diversity gains.
Proposal 3:

· Synchronous HARQ, wherein at least the MA physical resource used for retransmission is known beforehand at the UE and also at the BS receiver without explicit indication from the BS, should be supported for grant-free UL transmission. 
5 Asynchronous HARQ
While the above allows for soft combining at the BS receiver, it may not improve the effective SINR due to consistent collisions, i.e., if the initial packet decoding failure was a result of high interference and multiple UEs were not decoded successfully, retransmissions from these UEs on the same resources may not significantly improve the probability of decoding success. 
In order to provide an additional mechanism of interference randomization, the synchronous HARQ mechanism can be modified to an asynchronous version such that the exact resource used for a retransmission is randomly picked from a subset of resources or pseudo-randomly defined as a function of a UE-specific parameter that may include one or more of: UE ID, MA signature used in the prior transmission attempt. 
Therefore, according to this approach, the UE can pre-determine the resource for retransmission without any indication from the BS; however, this information may not be available at the BS receiver and hence, soft combining across retransmission attempts may not be possible. As an example, the time domain index for the retransmission resource can be defined as:
maResourceInTime (i) = maResourceInTime (i-1) + maReTxDelay + randomOffsetInTime,
where randomOffsetInTime is a random time offset in units of subframes (or multiples of subframes) drawn from a uniform distribution within a range [0, W]. The parameter W, defining the range, can be configured by the BS as part of the MA resource pool configuration or be specified. Note that the parameter W may be doubled for every K retransmissions, where K can be predefined in the specification or configured by higher layers.

Further, the frequency domain index for the retransmission resource can be defined similar to the time domain index as mentioned above so as to realize the benefit of frequency diversity. 

In general, both synchronous and asynchronous HARQ can be supported and configurable by the BS.
Proposal 4:

· Asynchronous HARQ such that the exact resource used for a retransmission is randomly picked from a subset of resources or is pseudo-randomly defined as a function of a UE-specific parameter should be investigated further in view of interference randomization benefits.
6 Hybrid HARQ mechanism for grant-free transmissions with preamble and/or control
For the case of grant-free UL NOMA transmissions using a preamble and/or control channel transmission in addition to the data transmission [3], a hybrid between synchronous and asynchronous HARQ can be supported assuming higher reliability and robustness can be achieved for the preamble or control channel compared to the data channel, e.g., the encoding of the data channel and MCS usage may be less robust compared to the control channel.

Specifically, synchronous HARQ may be applied only for the preamble and/or control channel transmission, but not for the data part. Accordingly, only the resources used for retransmission of preamble and/or the control channel transmission are determined according to a synchronous mechanism to enable combining at the BS receiver across retransmission attempts. In contrast, the resources used for data transmission can be picked either randomly or pseudo-randomly based on UE-specific parameters as described above, thereby following an asynchronous HARQ scheme. 

In this case, the actual resource used for data transmission can be indicated by the preamble or the control channel information, thereby also allowing for combining of the data part based on information obtained from the detection of the preamble or decoding of the control channel.

For the above to be beneficial, the preamble or control channel transmission should use a more robust transmission scheme compared to the data transmission. Accordingly, the retransmissions for the preamble and/or control channel can be decoupled from those of the data transmissions. Thus, the preamble and/or control channel may require fewer retransmission attempts compared to the data channel. 
Observation 1:

· For grant-free UL transmissions using a preamble or control channel, a hybrid of synchronous and asynchronous HARQ can be beneficial if the preamble or control channel is transmitted with higher robustness compared to the data channel.
7 Conclusions

In this contribution, we discussed various details on support of retransmissions and HARQ including ACK response mechanisms, support of early termination, and different forms of HARQ retransmissions that should be further considered as part of studies on grant-free UL NOMA. Based on the discussion presented, we summarize the key points through the following proposals and observation:
Proposal 1

· Retransmissions of grant-free UL transmissions are based on an ACK response mechanism.

· ACK response to grant-free UL transmission can be UE specific or group specific. 

Proposal 2

· Considering the potential need for enhanced coverage support and grant-free UL transmissions using large number of blind repetitions, support of early termination mechanisms should be studied further.
Proposal 3:

· Synchronous HARQ, wherein at least the MA physical resource used for retransmission is known beforehand at the UE and also at the BS receiver without explicit indication from the BS, should be supported for grant-free UL transmission. 
Proposal 4:

· Asynchronous HARQ such that the exact resource used for a retransmission is randomly picked from a subset of resources or is pseudo-randomly defined as a function of a UE-specific parameter should be investigated further in view of interference randomization benefits.
Observation 1:

· For grant-free UL transmissions using a preamble or control channel, a hybrid of synchronous and asynchronous HARQ can be beneficial if the preamble or control channel is transmitted with higher robustness compared to the data channel.
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