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Introduction
RAN1 has agreed the study of the Autonomous/grant-free/contention based UL non-orthogonal multiple access. In RAN1#85 meeting, RAN1 further concluded the following characteristics of this multiple access:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources
In RAN2#94, a grant-free/contention based uplink transmission has been analyzed in [1]. This contribution further elaborates which states can support grant free transmission and the aspects to be studied from the point view of RAN2.
States to be supported of grant free 
In [2], a number of scenarios have been discussed with regard to latency and overhead. In summary, the following scenarios were identified in [2] as the most potential challenging:
-	UL latency of 0.5ms (required for URLLC) if random access and/or scheduling procedure is to be used;
-	Signalling overhead of infrequent small packets (e.g. 1 per hour) for mMTC
-	Signalling overhead of infrequent heartbeat like and TCP ACK packets (e.g. on average about 5 minute) for eMBB;
-	Battery life for mMTC devices that only transmit infrequent small packets.
In R13 NB-IoT WI, two solutions were adopted as the signalling reducing enhanment, it is considered based on LTE RRC state. In the last meeting, RAN2 has agreed to study a RAN controlled “state” with following characters. This state is futher analyzed in [3].
1	Study the introduction of a RAN controlled “state” characterised by, at least:
a/ -	UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state
b/	Able to start data transfer with low delay (as required by RAN requirements)
FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"
FFS whether " state" translates to an RRC state

Considering the signalling overhead of infrequent small packets and battery life requirement of UE and the character of the RAN controlled “state”, there is an alternative to keep UE in the RAN controlled “state” and grant-free/contention based uplink transmission can be supported in this state. Another alternative could be that UE in idle state can also support grant free transmission of the small data. [4] Consequently, the battery life could be largely improved due to the fact that the L1/L2/L3 signalling overhead for infrequent small packets is reduced compared to the legacy connection setup/resume procedure and scheduling procedure. For eMBB UE, if only infrequent small packets (e.g. periodical heartbeat packet) needs to be transmitted, it is reasonable to keep UE in RAN controlled state while support the direct data transmission. Grant-free/contention based uplink transmission is useful for such kind of small packets for power saving and signalling overhead reduction purpose.
For URLLC, it is possible that UE in RRC connected or RAN controlled state. If grant-free/contention based uplink transmission can be supported in both states, it benefits the UP latency and scheduling signalling overhead of the UE. For eMBB UE, if UE supports the grant-free/contention based uplink transmission for the initial packet, the CP latency could also be reduced.
Observation 1: For UE in RAN controlled state and RRC connected state, grant-free/contention based uplink transmission can benefit the power saving , signaling overhead and latency.

Proposal 1: Autonomous/grant-free/contention based transmission can be applied for both RRC connected state and RAN controlled “state”. 
Aspects to be studied
Resource allocation
According to the characteristics of the Autonomous/grant-free/contention based UL transmission, it is necessary that the resource should be reserved and configured for a group of UEs by RRC. A group of UEs share the same resource, and one or more users can transmit data simultaneously, therefore the resource utilisation is improved.
In NR, mMTC, URLLC and eMBB have different characteristics (e.g. transmission period and packet size), different type of services can be configured with different resource periodicity from system point of view. Therefore the UL transmission source could be configured for a group of UEs with the same transmission requirement.
Proposal 2: RAN2 study how to configure grant-free/contention based resource from point view of different service.
Contention Resolution
For grant-free/contention based transmission, both link quality and collision among the transmissions from multiple UEs can lead to failure of transmission. Therefore timely feedback mechanism is needed. This means that the network should send feedback to indicate the packet is received successfully or not, and accordingly retransmission is necessary or not.
Traditionally, the physical transmission feedback is using PHICH. When a group of UEs share the same resource, it is difficult for PHICH to feedback the transmission result for each UE in the group. 
In legacy LTE, the resource is scheduled dedicatedly for UE and eNB knows this resource is for which UE. But if multiple UEs share the same resource, it is difficult for the network to differentiate the transmission from which UE. RAN1 is studying the potential collision resolution solutions [6]. RAN2 should investigate any layer2 identifier to be used to differentiate the transmissions from different UEs. Anyway it depends on the evaluation result of RAN1 solution including e.g. based on code, sequence, interleave pattern, retransmission strategy.

Proposal 3: RAN2 study the layer2 identifier for grant-free/contention based transmission.
Transmission reliability
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 are very different for different service types.
In LTE, HARQ and ARQ retransmission are used to address the reliable transmission problem. HARQ retransmission is faster and less signalling overhead than ARQ. But in the case of grant-free/contention based transmission, HARQ retransmission could be a little bit different from the legacy HARQ. If UE cannot be identified when collision happens, it will make retransmission combination impossible. Anyway it depends on RAN1 design for this kind of transmission in [5]. RAN2 can study HARQ retransmission after RAN1 decision is made. 
Proposal 4: RAN2 study which of retransmission should be supported, i.e. HARQ retransmission, ARQ retransmission, or both.
The legacy UL HARQ retransmission is synchronization. If the UE in the same group still performs retransmission on the same time/frequency resource, the collision can happen again. It can be further studied that whether the retransmission should be based on grant free or not, and how to determine the retransmission opportunity.
Proposal 5: RAN2 discuss that retransmission is grant-free/contention based or not.
Transmission policy 
In LTE, different service is identified by the different logical channel. As analysis in [2], grant free/contention based transmission benefits the transmission of infrequent small packets in URLLC, eMBB and mMTC. It is reasonable to schedule this kind of packets based on logical channel. However, there could be big and small packets from one service. When the buffer size exceeds some threshold, the grant-free/contention based transmission will be inefficient. One possible of how to coordinate the scheduling based transmission and grant free/contention based transmission can be considered. 
Proposal 6: How to coordinate grant-free/contention based transmission and scheduling based transmission is requested to be studied. 
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Observation 1: For UE in RAN controlled state and RRC connected state, grant-free/contention based uplink transmission can benefit the power saving , signaling overhead and latency.

Proposal 1: Autonomous/grant-free/contention based transmission can be applied for both RRC connected state and RAN controlled “state”. 
Proposal 2: Study how to configure grant-free/contention based resource from point view of different service.
Proposal 3: RAN2 study the layer2 identifier for grant-free/contention based transmission.
Proposal 4: RAN2 study which of retransmission should be supported, i.e. HARQ retransmission, ARQ retransmission, or both. 
Proposal 5: RAN2 discuss that retransmission is grant-free/contention based or not.
Proposal 6: How to coordinate grant-free/contention based transmission and scheduling based transmission is requested to be studied. 
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