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1. Introduction 

In RAN1 #93 meeting, there was plenty of discussions on NOMA procedures and following agreements about were made [1]. 
	Agreements:

· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.

· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
Agreements:

· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission

· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:

· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS

· Case 2: 2*CP>=y > CP, with detailed value FFS

· Additional value(s) for y are not precluded

· Possible down-selection can still be discussed 

· FFS the channel structure and procedures for asynchronous.




In this contribution, we provide our considerations for design of NOMA procedures, including enhanced UL configured grant transmission procedure based on Rel-15 configured grant. 
2. Prodcedure discussion
2.1. Pool-based resource configuration
For UL NOMA, there are three potential use scenarios, mMTC, eMBB and URLLC. We mainly envision mMTC and eMBB small data scenarios. For mMTC and eMBB scenarios, NOMA can improve system capacity and resource utilization. Meanwhile, large number of connections from devices could also occur in such scenarios. As agreed in RAN1 #93, Rel.15 UL configured grant is applied for NOMA as starting point. It is still challenging that whether large number of connections can be supported. For example, in Rel.15 DMRS is used for UE identification for UL configured grant transmission. However, there could be not enough orthogonal DMRS to support quite a large number of devices. If a DMRS is allocated to multiple UEs, collision would happen if these UEs are transmitting simultaneously, whenever during initial transmission or retransmission. 
To reduce the collision probability when multiple UEs share with the same resource, a pool of resources, e.g. DMRS and MA signature, can be configured for each UE. In such case, different UEs may share the resources of the pool partially. For UL transmission, UE selects one of the resources from the configured pool such that the collision probability is dependent on the size of resource pool. 
For RRC connected state, pool-based DMRS or MA signature allocation and selection is beneficial. For grant free UL transmission with relatively low arrival rate, if fixed resources are allocated each UE, then the resource utilization would be low. With a pool configured and UE autonomously select resources within the pool, trunking gain could be achieved and resource utilization could be improved.
For RRC idle/inactive state, it is typically based on network configuration for DMRS or MA signature allocation and UE selection of the corresponding resource. UE can be configured with a pool of resources via cell-specific signaling or UE-specific signaling. Cell specific configuration could be used for idle UEs which cannot gain information from dedicated signaling. 
Proposal 1: Pool-based resource configuration is supported for UL NOMA for RRC connected and idle/inactive states.

· UE can be configured with DMRS and/or MA signature pool configuration.

2.2. Preamble-based UL transmission
Preamble transmission is used for asynchronous transmission for the network to synchronize UE. But it could also be used by the synchronous UL transmission to identify UEs. The large capacity of preamble could be leveraged by the network to identify possibly large number of UEs.

For RRC connected state, DMRS is used for UE detection as UE-specific DMRS is configured for each UE in Rel.15. However, for NOMA, capacity of DMRS sequences may not be sufficient for UE detection. Besides, if both MA signature and DMRS are randomly selected by the UE, there would be quite a large number of combinations for the network to detect. Preamble is used for random access and the size of preamble pool is much larger than that of DMRS. Thus preambles could also be used for UE identification. Preambles could be mapped to a specific UE through configuration. Such design could take advantage of the fact that preamble design does not rely on purely orthogonal sequences. It is possible to design much larger number of preambles than orthogonal DMRS ports within limited resources.
For RRC idle or inactive state, UE may starts UL transmission without tight UL synchronization. Thus, it is important for gNB to detect UL transmission without prior UL timing information. The method used in initial access procedure can be adopted, e.g. UE transmits preamble with predefined/preconfigured formats together with UL data.  The preambles are pre-pended before data for gNB to detect the corresponding UL timing as following structure. 
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 Proposal 2: Preamble-based UL transmission can be used for RRC connected and idle/inactive states. 

2.3. Mapping with DMRS or MA signature

As discussed above, pool of resource configurations is configured for a UE. These resource configurations at least include preamble configuration, DMRS configurations, and MA signature pool. If UE autonomously selects resources from the pool of preambles, DMRS or MA signature and there is no association among different resources, the network would have to detect all possible combinations and such complexity would be prohibitive. Therefore, mapping between these resources needs to be limited to reduce the complexity.

UE can be configured with a set of preambles, each of which is associated with a DMRS. Since number of preambles could be larger than that of DMRS, a preamble can be associated with multiple DMRS, depending on the configured size of DMRS pool. DMRS can be associated with MA signature, i.e. DMRS and MA signature are one-to-one mapping. DMRS and MA signature are both pool based and MA signature could be indexed by DMRS port or configuration index. Thus, there could be one to one mapping between preamble and DMRS and the corresponding transmission scheme, including spreading code, modulation scheme, channel coding scheme etc.
Proposal 3: Preamble is associated with DMRS and MA signature.
· Mapping between preamble and DMRS could be limited to reduce Rx complexity.

· Mapping between DMRS and MA signature could be one to one to reduce Rx complexity.

The network may need to detect whether there is transmission for each configured preamble. Based on the mapping between preamble, MA signature and DMRS port, the network decodes the information within the data pending the preamble. However, since UE would select the MA signatures from pre-configured pools, it is necessary for the UE to piggyback the UE ID within the transmitted data. One way is to scramble the UE ID with the corresponding CRC or could be explicitly piggybacked within the MAC CE. Another way could be designing novel multiplexing like UCI on PUSCH to transmit the corresponding UE ID. It seems that the first way is easy from standardization effort perspective.

Proposal 4: To reduce false alarm, UE ID could be piggybacked in transmitted data in the following way.

· CRC check

· MAC CE

2.4. Collision handling
When multiple UEs transmit UL transmission simultaneously and share the same resource, there could be collision at gNB. There are different cases depending on the collision type.
· Collision of DMRS

· Collision of MA signature
· Collision of preamble

In case of DMRS collision or MA signature collision, relying on higher layer ARQ would result in large delay. Therefore, HARQ-ACK in PHY layer is beneficial such that UE may retransmit the data without waiting for higher layer ARQ. 
Due to the pool based configuration, UE may or may not collide with other UEs when transmitting UL data. In such case, UE may not be aware whether gNB misses detection or fails to decode the data. Therefore, explicit ACK/NACK from gNB is needed. The ACK/NACK can be indicated via UE-specific DCI or group-common DCI. If UE ID piggybacked with data is supported, gNB can transmit UE-specific DCI to indicate ACK. Without receiving the ACK, UE may assume the UL data are not correctly received and retransmit the data later.

If preamble is transmitted with data, group common DCI can be used to indicate ACK/NACK. Different UEs receiving the group common DCI are differentiated based on the preambles selected by UEs. E.g. preamble index and ACK/NACK corresponding to the data can be included in the group common DCI. 

If there is collision of preambles from different UEs, gNB may not able to identify the collided UEs and the number of active UEs transmitting UL signal. Thus, ARQ in higher layer could be used.
Proposal 5: Explicit HARQ-ACK is supported at least for RRC connected mode via following options.

· Option 1: UE-specific DCI

· Option 2: Group-common DCI
3. Timing offset
In RAN1 #93 meeting, there was discussion on the timing offset for asynchronous transmission. Following agreements were made

· Also considers the asynchronous transmission

· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:

· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS

· Case 2: 2*CP>=y > CP, with detailed value FFS

· Additional value(s) for y are not precluded

· Possible down-selection can still be discussed 

· FFS the channel structure and procedures for asynchronous.

The range of timing offset is related to the cell radius and the SCS. With SCS = 15 kHz, the lengths of normal CP are 5.1 us for the first OFDM symbol and 4.7 us for the remaining OFDM symbols. Therefore, the cell radius resulting in maximum transmission propagation that can be covered by normal CP with SCS = 15 kHz is 0.7 km. With SCS = 30 kHz, the lengths of normal CP are 2.55 us for the first OFDM symbol and 2.35 us for the remaining OFDM symbols. Therefore, the cell radius resulting in maximum transmission propagation that can be covered by normal CP with SCS = 30 kHz is 0.35 km.
Considering eMBB scenario with cell radius = 500 m, the transmission propagation can be covered by normal CP with SCS = 15 kHz, while the length of CP is not sufficient in case of SCS = 30 kHz. With SCS = 30 kHz, the maximum transmission propagation is approximately 1.4 * normal CP. Considering mMTC scenario with cell radius = 1732 m, the transmission propagation cannot be covered by normal CP with SCS = 15 kHz. In such case, the max transmission propagation is approximately 2.4 * normal CP with SCS = 15 kHz. 

Proposal 6:  For asynchronous transmission, the timing offset within [0,  2*CP] is supported

· For eMBB and mMTC scenarios, the ranges of timing offset could be different.
4. Conclusion

In this contribution, we provide our considerations for design of NOMA procedures for NOMA study. The proposals are summarized below.
Proposal 1: Pool-based resource configuration is supported for UL NOMA for RRC connected and idle/inactive states.

· UE can be configured with DMRS and/or MA signature pool configuration.

 Proposal 2: Preamble-based UL transmission can be used for RRC connected and idle/inactive states. 

Proposal 3: Preamble is associated with DMRS and MA signature.

· Mapping between preamble and DMRS could be limited to reduce Rx complexity.

· Mapping between DMRS and MA signature could be one to one to reduce Rx complexity.

Proposal 4: To reduce false alarm, UE ID could be piggybacked in transmitted data in the following way.

· CRC check

· MAC CE

Proposal 5: Explicit HARQ-ACK is supported at least for RRC connected mode via following options.

· Option 1: UE-specific DCI

· Option 2: Group-common DCI
Proposal 6:  For asynchronous transmission, the timing offset within [0,  2*CP] is supported

· For eMBB and mMTC scenarios, the ranges of timing offset could be different.
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