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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1].
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
In this contribution, the procedure related considerations are discussed, including grant-free transmissions as well as grant-based transmission.
Discuss NoMA procedure on grant-free transmissions
 Resource allocation for grant-free transmission
Two types of grant-free transmission have been discussed during previous SI. The two alternatives are listed as follows.
Alt. 1: grant-free transmission can be viewed as being similar to SPS transmission, where multiple access (MA) resources are pre-assigned/pre-configured to UEs, and the MA signatures pool shared by UEs are actually transparent to UE. This kind of grant-free transmission allows gNB to configure the MA signatures for each UE according to traffic conditions, and accordingly it is up to scheduler whether to configure contention-based or non-contention based transmission for a UE. For example, when the network load is light, gNB can make the assigned MA signatures UE unique, in which no contention will happen. When the network load is heavy, gNB could assign one MA signature to two or more UEs who can be tolerant to delay/collision, where the contention happens only when those UEs transmit data bursts at the same time. That’s to say, through this way, gNB can efficiently configure the MA signatures according to e.g. the status of network load and UE service types, and therefore improve the resource utilization. However, this alternative can be enabled only for UEs in the connected mode as UE needs to be configured the available MA signature by signalling from gNB. Moreover, the assignment of MA signatures will require certain level of overhead, even though which is already reduced compared with grant based transmission.
Alt. 2: another way for grant free transmission is to allow UE autonomously/randomly choose MA signatures in a pool whenever it has data transmission, which is contention-based because different UEs might choose same MA signature collided in the same time occasion, and consequently gNB may resolve only one of them or worse, none will be successfully decoded. Anyhow, UE need to determine the available resource pool where it can select the MA signature by e.g. broadcast signalling or predefined manner. This alternative may be workable even in idle mode (subject to synchronicity issue) and can save signalling overhead to more extent. However, out-of-gNB controlled contention based multiple access gives burden to gNB to handle the unknown collisions and resource utilization efficiency cannot be optimized.
Briefly speaking, the alt.1 can have more control on MA signature collision compared to alt. 2. It may be more desirable to study means to support alt.1 of grant free transmission given the situation that the NoMA could be applied to all three scenarios.
Observation 1: the Alt.1 of grant free transmission can have gNB controllable collision of MA signature. 
Proposal 1: Means to support grant-free alt.1 can be studied for grant-free/contention based non-orthogonal multiple access.
Support of HARQ
HARQ retransmission is one of important solutions to guarantee the reliability of transmission and/or coverage. In addition to the poor channel condition, the collision between UEs and the increased interference level by contention based non-orthogonal multiple access for mMTC may lead to fail detection and decoding as well. Therefore, HARQ retransmission should be studied for contention-based multiple access. Two major issues need to be tackled for supporting HARQ retransmission: 1) how to identify the first transmission and retransmissions and 2) how to benefit from combination of first transmission and retransmission(s). 
One possible way to address the first issue is to divide the available MA signatures into several groups, e.g. depending on the maximal number of retransmission. Moreover, the groups are mapped to the first transmission and the re-transmission(s) correspondingly to identify the attribute of transmission (initial or the x-th retransmission), as exemplified in the figure 1.
[image: ]
Fig.1 example of identifying transmission by resource groups
By this resource partition and mapping, the gNB could identify the first transmission and the associated retransmission. Furthermore, by the mapping the resource partitions to different redundancy versions, gNB could also identify which RV is the current reception or which RV is missed. And then accordingly the HARQ combining can be viable to improve the detection performance. Furthermore, due to the collision nature, the HARQ procedure of course would be different to LTE scheduled HARQ, which needs more study. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2: HARQ retransmission can be supported for contention based non-orthogonal multiple access, e.g. by explicit signalling or by resource partitioning and mapping, for identifying initial transmission and associated retransmission(s).
Proposal 2: Means to support HARQ re-transmission should be studied for grant-free/contention based non-orthogonal multiple access.

 Link adaptation
For grant-free UL transmission, no dynamic grant to indicate the MCS based on the channel quality and/or interference level. But efficient link adaptation is beneficial to improve performance and is also desirable for grant-free transmission case. Aside from semi-static link adaptation in the control of gNB for grant-free transmission, it would be a possible way that UE choose MCS based on the available power after OL power control, channel quality, and interference measurement etc, and implicit signaling of selected MCS to gNB is achieved by MA signature partitioning as well, e.g., by code/interleaver resource partitioning, different partitions indicate the different MCS selections. 
Observation 3: Link adaptation with explicit/implicit MCS signalling can be supported by, e.g. resource partitioning, for grant-free non-orthogonal multiple access.
As there can be plenty of MA signature available, resource grouping/partitioning for link adaptation and/or retransmission identification would not be a big deal for some non-orthogonal multiple access scheme, e.g. IGMA.
Proposal 3: Means to support link adaptation should be studied for grant-free/contention based non-orthogonal multiple access.
Discuss NoMA procedure on grant-based transmissions
 Dynamic switching between OMA and NoMA
For the latency-tolerable traffic such as eMBB and mMTC, grant-based NoMA can be further considered in order to enhance the network capacity. Depending on the network traffic, available operating bandwidth, and requirement of the traffic requested by UE, the gNB may choose multiple access scheme between OMA and NoMA. Basically, OMA and NoMA would coexist in a network, in other words, some group of UEs will operate in OMA and other group of UEs will operate in NoMA similar to MU-MIMO. The multiple access scheme will be informed to the UE by the gNB. Considering this use-scenario, it will be also possible to dynamically switch transmission scheme between OMA and NoMA in case of grant-based transmission. The gNB can indicate whether to use NoMA based transmission or not for PUSCH transmission in the scheduling DCI. For example, PUSCH transmission based on NoMA is applicable for eMBB traffic having low BLER target and conventional PUSCH transmission based on OMA can be used for URLLC requiring relatively high BLER target. Based on the scheduling request from the UE, the gNB can dynamically choose one of the transmission schemes between OMA and NoMA.
Observation 4: Dynamic switching between OMA and NoMA can be considered for grant-based non-orthogonal multiple access.
 Resource allocation for grant-based transmission
The main benefit of grant-based transmissions over grant-free would be in enabling dynamic resource allocation. Under the situation where the network is operated in dynamic TDD, grant-free transmission may suffer from restriction in configuring semi-static resources. Thanks to the L1 signaling, the resources to be used in NoMA can be dynamically indicated by gNB for grant-based transmission. A group of UEs operate in NoMA may share same time/frequency resources, so that the resource allocation information will be common for that group of UEs. Therefore, a kind of group-common signaling for resource allocation indication may be helpful to reduce the overhead of downlink control signaling. Time/frequency resource allocation fields in current DCI format 0_0/0_1 can be a start point for determining resource allocation field for grant-based transmission.
Observation 5: Dynamic resource allocation is group-common information for grant-based non-orthogonal multiple access.
[bookmark: _GoBack]Conclusion
In this contribution, we discussed the consideration on NoMA procedure on both grant free and grant based transmission. Following observations and proposals were captured as below:
Observation 1: the Alt.1 of grant free transmission can have gNB controllable collision of MA signature. 
Observation 2: HARQ retransmission can be supported for contention based non-orthogonal multiple access, e.g. by explicit signalling or by resource partitioning and mapping, for identifying initial transmission and associated retransmission(s).
Observation 3: Link adaptation with explicit/implicit MCS signalling can be supported by, e.g. resource partitioning, for grant-free non-orthogonal multiple access.
Observation 4: Dynamic switching between OMA and NoMA can be considered for grant-based non-orthogonal multiple access.
Observation 5: Dynamic resource allocation is group-common information for grant-based non-orthogonal multiple access.
Proposal 1: Means to support grant-free alt.1 can be studied for grant-free/contention based non-orthogonal multiple access.
Proposal 2: Means to support HARQ re-transmission should be studied for grant-free/contention based non-orthogonal multiple access.
Proposal 3: Means to support link adaptation should be studied for grant-free/contention based non-orthogonal multiple access.
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