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1. Introduction

At the RAN#71, Study on New Radio Access Technology has been approved [1]. At the RAN1#84bis, high-level agreements were reached for further study of the multiple access schemes.
Agreements:

…
· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
The above agreements are related to the uplink multiple access scheme for NR. In this contribution, the detailed multiple access transmission mechanisms for NR are described for the study.  
2. Categorization of UL Multiple Access Schemes
Based on the agreements, the UL-grant less transmission, contention-based transmission, and non-orthogonal multiple access are to be studied. However, their definition and assumptions are unclear and may be different among proposals. For example, some transmission schemes, e.g., non-orthogonal UL transmission, may assume that synchronization among UEs is achieved through random access procedure as is the case with the existing LTE. On the other hand, there are other transmission schemes such as autonomous/grant-free/contention based non-orthogonal multiple access for which random access procedure would be omitted or simplified. In any case, NR should consider a RACH-based and UL-grant based orthogonal multiple access as the baseline. In order to support the baseline operation, studies on the uplink waveform and RACH preamble/procedures would be needed.

Proposal 1: RACH-based and UL grant-based orthogonal multiple access schemes should be considered as the baseline UL transmission scheme for NR.
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Figure 1 – UL transmission for NR.
In addition, as agreed, new multiple access schemes would be investigated through the study. However, each transmission scheme and their assumption should be clarified. As discussed above, there are the following consideration points when describing UL transmission scheme.
· Whether RACH procedure is needed or not
· Whether UL grant is needed or not

· Whether handling of UL collisions, e.g., non-orthogonal multiple access, is needed or not

According to Proposal 1, since RACH-based and UL grant-based orthogonal multiple access schemes is the baseline, we discuss an additional UL multiple access schemes below.
First, RACH-based and UL grant-based non-orthogonal multiple access (NOMA) scheme can be considered in comparison with the baseline orthogonal multiple access scheme. In this case, neither reduction in UL grant overhead nor latency reduction by simplifying RACH procedure is expected. The motivation would rather enhance the UL data channel capacity or improve the UE perceived throughput by allowing multiple UEs to share the same time/frequency resource. Preliminary evaluation results of NOMA are provided to find the potential performance gains in our companion document [2]. In order to justify NOMA, further system level evaluation needs to be performed.
Proposal 2: For enhancement of UL channel capacity, RACH-based and UL grant-based non-orthogonal multiple access schemes, e.g., UL NOMA, should be studied for NR.

As agreed at the RAN1#84bis meeting, UL grant-less or grant-free (or contention-based) transmission are to be studied. There are two options for UL grant-free transmission depending on RACH procedures or synchronization assumptions. The first option is that RACH procedure is completed and UL synchronization is achieved among UEs. The motivation of this option is to reduce the control channel overhead due to UL grant in order to support massive connectivity. For the UL grant-free transmission, when UL transmissions from different UEs collide, both or one of UL transmissions will be dropped. However, as UL synchronization is assumed, a form of non-orthogonal multiple access schemes would be considered. 
Proposal 3: For reduction in UL grant overhead, RACH-based (synchronous UL) and UL grant-free transmission should be studied for NR.

The second option for the UL grant-free transmission is that the RACH procedure is omitted or simplified and UL synchronization is not achieved among UEs. We note that the synchronization for the downlink would be achieved even though the UL synchronization is not achieved. The following motivations for the RACH-less and UL grant-free transmissions can be considered.
· Small packet transmission (mMTC)

· For small packet transmission, overhead and delay due to RACH procedures would be redundant. To avoid such an issue, RACH-less and UL-grant free transmission can be considered. More specifically, UL resources for RACH-less and UL grant-free transmission are statically or semi-statically preserved as shown in Fig. 2. The RACH-less and UL grant-free asynchronous UL transmission is performed only within these preserved resources. When a packet collision happens, simpler approach is to rely on retransmissions. If the packet collision happens often, the amount of UL resources for RACH-less and UL grant-free transmission will be adjusted by the NW.
· URLLC
· It is desirable for URLLC to be able to initiate UL transmission whenever urgent UL packet occurs at UEs as shown in Fig. 3. However, unlike the above case for mMTC, preserving the UL resources always may not be efficient since traffic occasions for URLLC can’t be anticipated. Without preserving UL resources for RACH-less and UL grant-free transmission, RACH-less UL grant-free transmission would collide with other transmission such as eMBB as shown in Fig. 3. In this case, handling of the UL resource collision including non-orthogonal multiple access would be required. 
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Figure 2 – UL grant-free transmissions.
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Figure 3 – RACH-less and UL grant-free transmissions for URLLC.

Proposal 4: For reduction in delay due to RACH procedure, RACH-less (asynchronous UL) and UL grant-free transmission should be studied for NR.

In order to actualize the UL grant-free transmission, the corresponding UL transmission format and procedures are the key. Our initial considerations are explained below. For the transmission format, a set of preamble, UL control channel, and data transmissions is considered as shown in Fig. 4. The functionality of each channel is described below.
· Preamble: used for BS to detect UL signal transmission. Preamble sequence may be different depending on whether RACH procedure is completed or omitted.
· UL control channel: used to carry ID to identify UE, buffer status report, UL control information, etc. A robust channel design against a collision may be necessary.
· Data transmission: to carry URLLC data and small packet. Collision handling for data channel may be needed. For example, code division multiplexing (CDM) and non-orthogonal multiplexing can be considered.
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Figure 4 – Example of transmission format for RACH-less and UL grant-free transmission.

3. Conclusion
In this contribution, we further clarified the agreed UL-grant less transmission, contention-based transmission, and non-orthogonal multiple access, and provided our views on the uplink multiple access schemes for NR. The following first proposal should be confirmed as the baseline multiple access for NR. 
Proposal 1: RACH-based and UL grant-based orthogonal multiple access schemes should be considered as the baseline UL transmission scheme for NR.

In addition, the following three categories should be studied during the SI.
Proposal 2: For enhancement of UL channel capacity, RACH-based and UL grant-based non-orthogonal multiple access schemes, e.g., UL NOMA, should be studied for NR.

Proposal 3: For reduction in UL grant overhead, RACH-based (synchronous UL) and UL grant-free transmission should be studied for NR.

Proposal 4: For reduction in delay due to RACH procedure, RACH-less (asynchronous UL) and UL grant-free transmission should be studied for NR.
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