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1 Introduction
In RAN1#84bis meeting, [1] has been discussed and the following agreements achieved:
· 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

In RAN2#93bis, a grant-free/contention based uplink infrequent small packet transmission has been proposed in [2] for low latency and low overhead for NR. This contribution further evaluates the scenarios and identifies the issues from the point view of RAN2.
2 Scenarios

In [2], a number of scenarios were discussed with a tentative evaluation of latency and overhead was made. Of course, these evaluations cannot be accurate as it depends on RAN1 design for NR but RAN2 need to be able to do some progress and these evaluations provide some magnitude order that can be used in RAN2 to identify issues and study possible solutions.

Especially, the following scenarios were identified in [2] as most likely problematic:

-
Latency for initial UL packet transmission for eMBB/URLLC/mMTC;

-
UL latency of 0.5ms (required for URLLC) if random access and/or individual grant is to be used;

-
Signalling overhead of infrequent small packets (e.g. 1 per hour) for mMTC (e.g. 3 million UEs in one cell);

-
Battery life for devices that only transmit infrequent small packets.

In RAN1, there was already an agreement to study "autonomous/grant-free/contention based non-orthogonal multiple access " at least for UL mMTC,, which is one of the scenarios considered in [2].

This agreement requires studying collision resolution, transmission feedback, and how to handle transmission failures, possibly with (H)ARQ, which are largely in RAN2 scope. Although the requirements for mMTC are different from eMBB and URLLC, but it could also be applicable for Emb/URLLC in order to reduce such as latency, scheduling signalling overhead for small packet of eMBB etc.
Therefore we make the following proposals:

Proposal 1: Study the RAN2 aspects of autonomous/grant-free/contention based transmissions, at least for UL mMTC.

Proposal 2: Consider also other scenarios where grant-free transmission could be beneficial (e.g. for low latency of initial packet for eMBB/URLLC, to reach 0.5ms UL latency for URLLC).

For some services, idle mode or long DRX is needed for UE power saving. If only infrequent small packets need to be transmitted, the signalling overhead of the legacy mechanism, which requires the UE to change to connected mode, can be excessive. In NR and NextGen Core, a key issue 4 is identified in [4], the efficient transmission of infrequent small data should be considered from the beginning. Hence, grant-free/contention based data transmission could be a potential usage scenario for idle mode in order to reduce the signalling overhead as well as latency.
As pointed out above, autonomous/grant-free/contention based transmissions could also be applicable for eMBB/URLLC. For eMBB/URLLC, it is quite possible that UE is in connected state. If autonomous/grant-free/contention based transmissions is considered to be used for such kind of scenario, it could further reduce the UP plane transmission latency and scheduling signalling overhead.
Additionally, as indicated in [3], an energy conserved operational mode has been proposed in order to reduce energy consumption. It is likely that the UE may be out of synchronization to the network and may have no UL resource for data transmission in such mode. The grant free transmission could also be considered for this mode in order to reduce overhead and latency.
Proposal 3: Whether autonomous/grant-free/contention based transmission shall be used for all RRC states should be studied in RAN2.
3 Aspects to be studied
3.1 Resource allocation
Grant-free/contention based UL transmission means that the UE can transmit UL data without a resource scheduling process. In LTE, resource grant signalling can be minimized using SPS, but SPS is configured for a single UE and if no data is transmitted, the resource will not be used. For grant-free/contention based transmission, resources are configured for a group of UEs which leads to a more efficient resource usage. Moreover, NR is envisaged to support diverse families of service including eMBB, mMTC, URLLC and V2X with different service characteristics. As discussed in section 2, grant free transmission may have advantages in multiple scenarios, with different frequency of transmissions. Hence, from system point of view, different type of services can be configured with different resource periodicity.RAN2 should consider how to configure resources for grant-free/ contention based transmission and notify the UEs.
Proposal 4: Study how to configure grant-free/contention based resource suitable for each UE according to the UE service requirements.
3.2 Transmission reliability
For grant-free/contention based transmission, both link quality and collision between the transmissions of more than one UE can lead to failure of transmission. This means that there will be the need for transmission confirmation to indicate the packet is received successfully or not and possible retransmissions. Traditionally, the transmission feedback is using PHICH, whether this mechanism is suitable or not in NR should be further studied considering large quantity of devices which could introduce large quantity of feedback.
Proposal 5: Study feedback for grant-free/contention based transmission.
Proposal 6: Study retransmission for grant-free/contention based transmission.
If a retransmission mechanism like HARQ or ARQ is considered to address failures due to link quality, collisions need also to be taken into account. It needs to be considered which layer in the network can determine which UE is received in a contention based resource, so that either HARQ ACK/NACK or RLC STATUS PDU can be interpreted by the right UE.
Proposal 7: Consider using ARQ or HARQ or both taking into account the need to work with contention based UL resource.
In LTE, there are HARQ and ARQ retransmission for the data transmission reliability. If grant-free/ contention based uplink transmission is used, reliable transmission should be considered because multiple UE will share the same resource for UL transmission which will lead to some probability of collision and unpredictable interference. 
LTE uses synchronous HARQ and each HARQ process is corresponding to a TTI. For grant-free/contention based transmission, it is possible that not all TTIs are configured with grant-free/contention based resources. Therefore, how to map the transmission and HARQ process is an open issue. Especially in case of contention, resolving it with HARQ might not be possible and it would be needed to handle this case with ARQ in L2.
The reliability of grant free/contention based schemes depend on many factors that need to be investigated by RAN1. Furthermore the reliability and latency requirements differ between the different service types. It is therefore necessary to further analyze whether one or more retransmission solutions are needed for grant free transmission. 

Proposal 8: if (H)ARQ is intended to be supported, capture the study of (H)ARQ for grant-free/contention based retransmission in RAN2 TR.
4 Conclusion

This contribution discusses scenario where grant-free transmission could be needed/useful and identifies the aspects to be studied. 

Proposal 1: Study the RAN2 aspects of autonomous/grant-free/contention based transmissions, at least for UL mMTC.

Proposal 2: Consider also other scenarios where grant-free transmission could be beneficial (e.g. for low latency of initial packet for eMBB/URLLC, to reach 0.5ms UL latency for URLLC).

Proposal 3: Whether autonomous/grant-free/contention based transmission shall be used for all RRC states should be studied in RAN2.
Proposal 4: Study how to configure grant-free/contention based resource suitable for each UE according to the UE service requirements.
Proposal 5: Study feedback for grant-free/contention based transmission.
Proposal 6: Study retransmission for grant-free/contention based transmission.
Proposal 7: Consider using ARQ or HARQ or both taking into account the need to work with contention based UL resource.
Proposal 8: if (H)ARQ is intended to be supported, capture the study of (H)ARQ for grant-free/contention based retransmission in RAN2 TR.
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