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Introduction
[bookmark: _GoBack]In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1]. One of the objectives is to study the procedures related to the non-orthogonal multiple access including the following aspects. 
•	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
In this contribution, we discuss the NOMA related procedures. 
NOMA schemes with or without grant
In the Rel-14 NR study item, the support of grant-free NOMA was extensively discussed. This study shows potential benefits of grant-free NOMA at least for UL mMTC with significant signaling overhead reduction. On the other hand, for eMBB, signalling cost is also one of the important KPI, which can be reduced by grant-free NOMA. Therefore, grant-free NOMA can be considered for eMBB scenario as well. In addition, as described in the Rel-15 NOMA SID, non-orthogonal transmission can be applied to both grant-based and grant-free transmission. Many results are shown that NOMA schemes with grant can lead to good performance.
· [bookmark: OLE_LINK25][bookmark: OLE_LINK74]Proposal 1:
· Both grant-based and grant-free NOMA need to be further studied.
· Grant-based NOMA is supported at least for eMBB scenario
· Grant-free NOMA is supported at least for mMTC scenario
· Grant-free NOMA can be considered for eMBB scenario
For NOMA schemes with grant or with configured grant, current NR design can be a starting point. In the following sections, we will focus on the discussion on grant-free related procedures.
Related procedure for grant-free
Fig. 1 displays the overview of the technical aspects involved in the grant-free based NOMA. More detailed discussions are presented in Section 3.1 - Section 3.5.
Resource configuration
In the grant-free transmission, UEs randomly select one transmission unit within the resource pool for the subsequent transmission. To facilitate the grant-free transmission, the resource pool for the transmission should be predefined before the grant-free transmission. 
Considering the mMTC devices are mainly in RRC idle status and the resource pool is shared by multiple mMTC UEs, configuring the resource via broadcast signaling or UE group common signaling is more feasible. 
Regarding the information included in the resource pool, the following aspects related to NOMA transmission could be considered
· Location of the time /frequency resource 
· Candidate signatures associated with the configured time/frequency resources
· Candidate DM-RS ports associated with the configured time/frequency resources

· Proposal 2: The contents of resource pool including the time/frequency resource, candidate signatures and the DM-RS for the grant-free should be further considered for grant-free transmission 

Figure 1 Overview of the procedure involved in grant-free transmission
UL synchronization
Since it is most likely that mMTC devices are mainly in RRC-idle state when the data transmission happens, timing advance information from gNB during RACH procedure is absent to the mMTC UEs. The UL synchronization becomes potential issue when the timing offset between UEs is larger than one cyclic prefix duration.  
Two directions can be considered to address this issue. One direction is to utilize some other measures to achieve the UL synchronization such as long CP or appending preamble at the beginning of the data transmission. The other direction is to support the asynchronous grant-free transmission. Since the asynchronous grant-free transmission would impose great challenge in the NOMA transmitter/receiver design and degrade the performance, the first direction is more preferable. 

· Proposal 3: NOMA SI should assume UL synchronization is maintained by certain manners 
· Further study the exact manner to maintain the UL synchronization

Support of HARQ 
For the grant-free transmission, not only the poor channel condition but also the transmission collision would result in the transmission failure and trigger the retransmission. Without the support of the HARQ combing, multiple retransmissions or extensive repetitions would be required to satisfy the decoding requirement. To guarantee the transmission efficiency, support of HARQ combing should be considered. 
To support HARQ combing, the gNB should know which part is the initial transmission and which part is the retransmission for one specific UE. However, since the scheduling is out of gNB control in the grant-free transmission, gNB is unable to obtain this information. Thus, additional design is needed for the UE identification and the differentiation between initial transmission and retransmission even if the gNB doesn’t decode the data part successfully. 
One possible solution is to define the UL control channel to carry the UE-ID and RV information and the UL control channel is transmitted with higher reliability guarantee. Once the gNB successfully decodes the UL control channel, gNB would know which UE sends the corresponding data and whether the data part is initial transmission or retransmission.  

· Proposal 4: Support of HARQ can be considered 
· How to support the UE identification and differentiation of the initial transmission and retransmission needs further investigation 
Support of link adaptation 
For grant-free UL transmission, it is difficult to achieve the tight link adaptation due to inaccurate channel estimation on UE side. Moreover, there is no dynamic grant indicating the MCS to adapt to the change of channel condition. However, link adaptation would be beneficial to improve transmission efficiency which is also desirable for grant-free transmission. In the grant-free transmission, at least some rough link adaptation can be supported. For example, a set of coarse MCS levels can be supported, the UE may choose the MCS based on the available power after power control, channel quality, and interference measurement etc. The selection of MCS level can be indicated to gNB in implicit way or explicit way. For example, different resource pools as discussed in section 2.1 can be associated with different MCS levels, then gNB could derive the MCS level implicitly when it detects data in one specific resource. For the explicit way, the UL control channel discussed in section 2.3 can be utilized for the MCS notification. 

· Proposal 5: Functionalities to achieve link adaptation should be considered for UL grant free transmission
· The supported set of MCS levels needs further study
· The detailed design for MCS notification needs further study 

Collision control 
As the devices determine the transmission occasion and the resource by itself, collision is inevitable in grant free transmission. In the NOMA transmission, two types of collisions would happen
 
· Signature collision within the same t/f resource: this type of collision somehow can be solved by careful signature design and well-designed multi-user receivers. On the other hand, there is still possibility of decoding failure. 
· DM-RS collision within the same t/f resource: This type of collision prevents the gNB recovering correct channel and incurs definite decoding failure, which should be given higher priority for investigation 

To control the signature collision and DM-RS collision, both extending the signature/DM-RS pool and defining random back-off time for transmission or retransmission can be considered. Besides, reducing the collision probability via careful selection of signature and selection of DM-RS is another approach. 
For the selection of DM-RS and selection of signature, the most straightforward way is letting UE randomly select one signature within the signature pool and randomly select one DM-RS port within the candidate DM-RS resources. In this case, signature collision and DM-RS collision may happen in separate transmission cases as shown in Fig. 2, which would increase the overall collision probability. To avoid this situation, certain association between the signature selection and DM-RS selection can be defined to concentrate the signature collision and DM-RS collision into one case. As shown in the example in Fig. 3, the signature-DM-RS pair can be pre-defined and UE select the signature-DM-RS pair randomly instead of selecting signature and DM-RS separately. The diverse collisions are eliminated and the overall collision probability decrease accordingly. 

· Proposal 6: Further investigate solution to control the signature collision and DM-RS collision 
· Joint selection of signature and DM-RS for the collision reduction can be considered 



Figure 2 Separate the selection of signature and RS results in diverse collision


Figure 3 Joint selection of signature and RS concentrate collision into one case
Conclusion
In this contribution, we mainly discussed grant-free related procedures. Based on the discussion, our views are summarized as follows
· Proposal 1:
· Both grant-based and grant-free NOMA need to be further studied.
· Grant-based NOMA is supported at least for eMBB scenario
· Grant-free NOMA is supported at least for mMTC scenario
· Grant-free NOMA can be considered for eMBB scenario
· Proposal 2: The contents of resource pool including the time/frequency resource, candidate signatures and the DM-RS for the grant-free should be further considered for grant-free transmission 
· Proposal 3: NOMA SI should assume UL synchronization is maintained by certain manners 
· Further study the exact manner to maintain the UL synchronization
· Proposal 4: Support of HARQ can be considered 
· How to support the UE identification and differentiation of the initial transmission and retransmission needs further investigation 
· Proposal 5: Functionalities to achieve link adaptation should be considered for UL grant free transmission
· The supported set of MCS levels needs further study
· The detailed design for MCS notification needs further study 
· Proposal 6: Further investigate solution to control the signature collision and DM-RS collision 
· Joint selection of signature and DM-RS for the collision reduction can be considered 
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