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1 Introduction

In RAN1 #87, several issues have been discussed for uplink transmission scheme.
Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

Agreement: Asynchronous and adaptive HARQ is supported for DL
In this contribution, we discuss some ways to carry out the grant-free HARQ retransmission procedure. Through MA resource grouping, the system can autonomously transmit data without uplink scheduling grant. In the proposed mechanism, in addition to ACK/NACK, the gNB sends additional messages to UEs after the gNB receives signals. The details are discussed below.
2 Discussions

1.1 MA resource grouping
In the UL grant-free transmission, a user performs contention-based transmission and uses a MA resource so as to transmit data from a UE to a gNB. A MA resource consists of a physical resource and a MA signature. In order to enable the gNB to distinguish different transmissions of UEs, every UE can use a codebook, a sequence, a pattern, or other that is regarded as a signature.

It has been agreed that the MA resource can be pre-allocated by a gNB or be randomly selected by UEs. However in the grant-free HARQ retransmission scheme, whether the resource is pre-allocated or is randomly selected, the gNB cannot know whether the received data is the first transmission or retransmissions. Therefore an idea is to divide all MA signatures into different groups in advance [1]. The MA signatures of different groups are separately used in transmission that represents the different number of retransmission for the HARQ process. For example, All MA signatures of one group (called Group 1) are only used in the first transmission. All MA signatures of another group (called Group 2) are only used in the second transmission (i.e. the first retransmission). Also, each signature in one group is mapped to signatures in another group. This is showed in Figure 1(a). Without transmitting any scheduling grant, the gNB can identify the transmission order through identifying which group a signature belongs to. If a UE has found that a data is incorrectly decoded by the gNB, the UE retransmits data through using a signature that a signature in the last transmission is mapped to. 
In addition to dividing signatures into some groups, another way is to divide physical resources into some groups. The gNB can know the transmission order through detecting the location of time-frequency resources. The example is showed in Figure 1(b).
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Figure1: Illustration of dividing (a) signatures and (b) physicals resources into different groups
Proposal 1: In order to support HARQ retransmission in grant-free scheme, grouping signatures or physical resources should be considered.
1.2 Consideration for preamble in grant-free NOMA
For the traditional LTE UL transmission scheme, if the uplink is not synchronized, the MA physical resources of different UEs cannot be orthogonally allocated. Hence before transmitting data, a non-synchronized UE needs to perform a random access (RA) procedure to restore uplink synchronization. However the way that UEs are forced to go through the entire RA procedure actually will lead to very large latency of entire transmission in some scenarios such as URLLC. Therefore in NR grant-free NOMA scheme, the system should support asynchronous OFDMA, and UEs should initiate a transmission without performing RA procedure. 
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Figure 2: Illustration of the mapping between preamble sequence and MA signature

It is quite useful to transmit a preamble sequence prior to every data transmission. The gNB is able to acquire time and frequency offset through detecting the sequence. More specifically, the preamble is used for not only synchronization but also channel estimation. In the grant-free NOMA, through detecting location of preambles, it is easy for the gNB to be able to know which physical resources will be used to transmit data. This decreases the complexity of the receiver and enhances system performance. In addition, in order to mitigate the burden of blind detection further, an idea is to allocate the mapping between preamble sequences and MA signatures in advance [2]. Thus the gNB can identify MA signatures through preamble sequences. The gNB doesn’t need to blindly detect all possible signatures to demodulate signals, so this decreases the processing time of the gNB. The example is illustrated in Figure 2.

It should be noted that in grant-free transmission scheme, a gNB cannot be aware of who is transmitting data until the gNB gets the UE ID. That is to say, every UE has to transmit a UE ID during the transmission period. However because there are a large number of potentially connectible UEs per cell, to carry UE ID information during preamble transmission is not a practical method. As a consequence, the gNB knows UE ID only when the data is correctly decoded.
Proposal 2: Assigning the mapping between preamble sequences and MA signatures should be considered.
Proposal 3: In grant-free transmission scheme, every UE needs to transmit UE ID during data transmission.
1.3 Collision problem of MA resources in HARQ mechanism
Because every UE selects MA resources independently in grant-free NOMA, it is possible that two or more UEs use the same MA resource to send a packet to the gNB. This is called resource collision. A gNB cannot identify which UEs are transmitting data until UE IDs are correctly decoded as illustrated in section 2.2. In the grant-free HARQ combining procedure, a gNB combines the erroneously received data with the data of retransmission without identifying the UE ID of the packet. After the data is correctly decoded, if the gNB only sends an ACK message to the UEs that the collision comes up among, UEs whose data aren’t successfully detected can mistakenly believe that their data has been successfully decoded. In addition to an ACK message, therefore, the gNB should transmit UE ID information so as to tell the UEs which data of UE has been successfully received.
In addition, if a gNB cannot detect preambles, the gNB will not send any ACK/NACK and UEs that has transmitted data but don’t get any feedback will perform initial transmission. The flow diagram of UE behavior is showed in Figure 3. 
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Figure 3: The flow diagram of UE behavior in grant-free HARQ procedure
If the gNB has successfully detected a signal transmission but the data is incorrectly decoded, the gNB sends a NACK message to UE(s) on the corresponding resource. Without knowing which signal of UE is successfully detected, all UEs that get a NACK message retransmit data with new redundancy versions (RV). However the mechanism actually leads to unnecessary data transmission. If the gNB has successfully detected a signal of a UE and the gNB transmits a NACK message, other UEs that use the same MA resource and get a NACK message retransmit their data. They cannot perform initial transmission until they receive an ACK message and a UE ID. This increases not only the number of transmission but also latency of initial transmission. In order to decrease the unnecessary transmissions, an idea is to allocate the one-to-multiple mapping between resource groups. Let’s take the Figure 1(a) for example. Every signature in signature groups is pre-allocated the one-to-multiple mapping between signatures in different groups in advance.

The example is showed in Figure 4. The example is showed in Figure 4. We suppose that a MA signature (called Signature U) is only used in the ith transmission and two MA resources (called Signature V and Signature W) are only used in the [i+1]th transmission. Also, Signature U is mapped to Signature V and Signature W. A UE uses Signature U to transmit data to the base station in the ith transmission. If the base station fails to successfully decode the data on Signature U, it can respond a NACK message to Signature U. If the UE gets the NACK message, the UE randomly selects only one MA signature from Signature V and Signature W and the UE uses the MA signature to retransmit data in [i+1]th transmission.
After each of the UEs uses one of the signatures (Signature V or Signature W) to re-transmit data, the gNB tries to combine the signal on better channel-quality resource with the signal of the last transmission, and the gNB responds ACK/NACK only to one signature (Signature V or Signature W). The UEs that don’t get any feedback perform initial transmission.
Moreover the above idea can be supported when the gNB allocates the multiple-to-one mapping between signature/physical resources in different groups. The example is illustrated in Figure 5(a) and Figure 5(b). In order to carry out the mechanism, an idea is that the gNB dynamically assigns an available MA resource (such as a physical resource or a signature) along with a NACK message after the gNB fails to decode data correctly. For example, if a signature that two signatures are mapped to is likely to be used in next retransmission and the two signatures have been used currently, the gNB can dynamically schedule the two transmissions on different physical resources. Hence an effective mechanism of grouping is able to be carried out.
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Figure 4: Illustration of the one-to-multiple mapping between signature groups
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Figure 5: Example of dynamically scheduling different (a) physical resources or (b) signatures along with NACK
In some scenarios, it is beneficial for a gNB to transmit information about available MA resources along with NACK messages. For example, in order to support multiple different services/applications, the system may have to categorize different time-frequency resources (or different MA signatures) into different resource units, including grant-based resource unit and grant-free resource unit as illustrated in Figure 6. If the gNB is able to assign an available MA resource along with a NACK message, the data transmitted on grant-free resource unit in initial transmission will be able to be scheduled on grant-based resource unit by the gNB in the retransmission procedure. In the mechanism, a gNB can schedule all resources more flexibly especially when grant-free resource units are not many enough to support multiple transmissions of UEs.
[image: image6.png]Frequency
Iy

~.

q4

grant-based resource

grant-free resource

Time




Figure 6: Illustration of grant-based resource and grant-free resource mapping to different physical resources
Proposal 4: After a gNB successfully decodes data, the gNB should transmit a UE ID along with an ACK message.
Proposal 5: Allocating the one-to-multiple mapping between resource groups should be considered to avoid unnecessary transmissions.
Proposal 6: After a gNB fails to decode data correctly, the gNB should dynamically assign an available MA resource (such as an available physical resource or an available signature) along with a NACK message.
3 Conclusions

In this contribution, we share some ideas about grant-free transmission schemes and the HARQ retransmission procedure. The proposals are summarized below.
Proposal 1: In order to support HARQ retransmission in grant-free scheme, grouping signatures or physical resources should be considered.

Proposal 2: Assigning the mapping between preamble sequences and MA signatures should be considered.
Proposal 3: In grant-free transmission scheme, every UE needs to transmit UE ID during data transmission.
Proposal 4: After a gNB successfully decodes data, the gNB should transmit a UE ID along with an ACK message.

Proposal 5: Allocating the one-to-multiple mapping between resource groups should be considered to avoid unnecessary transmissions.
Proposal 6: After a gNB fails to decode data correctly, the gNB should dynamically assign an available MA resource (such as an available physical resource or an available signature) along with a NACK message.
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