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1. Introduction
The following agreements were made in the NOMA AI:
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.
Agreements:

· Consider mechanism to handle or mitigate the collision on MA signature/RS/resource, if needed

· FFS whether the number of configured MA signature/RS/resource from UE perspective can be 1 or multiple

· FFS whether multiple sets of MA signature/RS/resource can be configured to a UE
Agreements:

· Determine the value y for the evaluation with non-zero timing offset (including asynchronous)

· For Case 1: y = NCP/2

· For Case 2: y = 1.5*NCP
Agreements:

· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool

· Number of potential UEs and the pool size should be reported

· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.

· Number of potential UEs and the pool size should be reported

· Realistic UE/MA signature detection should be performed.

· DMRS extension, if any

· FFS whether to align the pool size for performance evaluations.
Agreements:

· Channel structure consisting of preamble and data can be considered for supporting the asynchronous transmission:

· Preamble in Rel-15 can be considered as the starting point. 

· Additional components can be included if necessary, e.g., the UL channel for assisting the UE detection or GP.

Agreements:

· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 

· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).

· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.

· FFS signaling 

· FFS how to handle the collision of MA signature/resource

· FFS the mapping between RS and other MA signatures

This tdoc discusses considerations for NOMA procedures. 
2. DMRS and MA Signature Allocation

There have been some discussions on the allocation and selection of the DMRS and MA signature resources for NOMA transmissions. The discussion is mainly for the simulation and performance analysis of the NOMA schemes, but the overall procedure selected would guide the eventual use of NOMA. The two in question are: does the UE randomly select a DMRS/MA signature (random selection) or is the UE pre-configured with a DMRS/MA signature (random activation). From a high level if more than one UE is allowed to transmit using the same DMRS/MA signature in the same time/frequency resource, then the gNB needs to handle contention and collision, requiring additional complexity for NR NOMA. 
A motivation for allowing UEs to randomly select DMRS/MA signature to support use case where the traffic patterns are not predictable. This would allow the UE to transmit at any time slot, but the system would need to handle the complexity of contention, collisions, retransmissions, etc. However, applications that send infrequent packets would also be more delay tolerant. Many of the mMTC/eMBB use cases would simply periodically schedule the UL transmissions, similar to eDRX cycles. 
Hence, a simpler alternative is to use the existing Rel-15 configured grant type of pre-allocation of time/frequency resource, with the addition of DMRS/MA signature allocation for the NOMA transmissions in RRC-inactive state. The gNB would schedule the transmission opportunities based on the UE request, such as frequency of the transmissions and data payload sizes. As a result, the gNB would not need to do any contention resolution on these transmissions. Scaling of the number of users serviced by a gNB can be done by allocating additional time/frequency resources, as the demand changes. The gNB could still decide to overload the time/frequency/DMRS/MA resources by assigning it to more than one user, but this would be transparent to the UE and up to the gNB when to do so. As in the case of configured UL grants, the UE would not be mandated to transmit at these preconfigured UL resources. 
Proposal 1: 
The NOMA study should use pre-configured DMRS/MA signature allocation, similar to Rel-15 configured grants but in RRC-inactive state.
3. Operating Mode for NOMA

The Rel-15 configured grant procedure with synchronous UL data transmission has been agreed to be used as the starting point for the NOMA study but can be adapted to support NOMA transmissions from RRC-inactive/idle state. The periodicity defined in Rel-15 configured grant (e.g. 640ms) would be too frequent for many applications, however, the period could be extended. Applications that periodically send small packets that could benefit from using NOMA may find resource allocations around 2-30s more appropriate. For example, applications that poll for updates such as email and social media, typically only need updates every 30 seconds. 
As mentioned in [1][2], a UE would have entered RRC-Connected state before entering RRC-inactive/idle state so it would have been provided a valid TA (to compensate for the initial timing offset) during the RACH procedure. Then while in the RRC-Connected state, the UE would receive closed-loop TA updates to correct for any drifts in the timing offset. The UE would then enter RRC-inactive state with a valid TA. Then, with each subsequent UL transmission, the gNB would update the TA to correct for any drifts in the timing offset. 
The NOMA study use cases are primarily considered for low mobility (or stationary), for small cells (eMBB/URLLC), and mainly indoor UE, where the UE would have limited situations in which the TA is no longer valid. 
Observation 1: 
UE will have valid timing advance most of the time in the use cases considered in the NOMA study.
Considering the complexity and problems associated with supporting UE transmissions that do not have valid TA, the NOMA study should focus on when the UE has valid timing advance. If the UE determines that the existing TA is not valid, then it can use the legacy RACH procedure to attain a valid TA. This would avoid needing to support NOMA transmissions under all conditions. 
At a high level, for each UL transmission, the UE would:
· Evaluate if TA is valid

· If TA is not valid

· Use legacy RACH procedures

· Obtain valid TA

· Else TA is valid

· Transmit data on pre-configured NOMA UL resource

· Optionally – get updated TA 

· Endif

Proposal 2: 
The NOMA study should only consider the case when the UE has valid timing advance, even for UE transmissions from RRC-inactive/idle state.

4. Channel Structure with Preamble plus Data

In the previous meeting there was an agreement to consider channel structure with preamble+data to support asynchronous transmissions or UEs with invalid TA in the NOMA study. However, with this, UE that have valid timing advance would also be required to transmit a preamble. 

From a UE perspective, the preamble would require an extra slot of UL transmission, and potentially result in smaller data payloads, even when it is not required. From a gNB perspective, there is additional complexity in supporting/decoding the preamble, handling of preamble collisions and reduction in scheduling flexibility. If the UE application is one that sends larger UL packets, then the UL transmissions would be segmented in to multiple transmissions; the UE could request a specific payload size (with concatenated slots) but the gNB may have difficulty scheduling it. Hence, if the UE does have a valid timing advance then it should avoid the preamble, if the UE does not have a valid timing advance then it can use legacy RACH procedure as a fall-back. 

Proposal 3: 
The NOMA study should consider legacy RACH procedure as a fall-back when the UE determines it has invalid timing advance, instead of supporting preamble+data format.
5. Timing Advance (TA) Validation Mechanism
The proposed procedure would require a mechanism for an RRC-inactive/idle UE to determine TA validity before transmitting. The assumption of a valid TA is the same assumption that was made for the LTE-M and NB-IOT WI objectives WRT to the pre-configured UL resource objective. Thus, the LTE-M and NB-IOT WI are currently studying TA validation mechanisms. Many of this work can be leveraged for a NR based TA validation mechanism.  
If we assume the UE TA is valid if the UE residual timing offset is within +/- 0.5 normal CP, then the TA would be invalid if the UE moved > ~700m (for 15kHz SCS). Hence the validation mechanism for TA is essentially to detect movement of more than ~700 meters. 
The following simple methods can be utilized in a validation mechanism for TA: 

Time Alignment Timer:

The UE would consider the TA invalid if the time since last update is greater than configured time. The time at which the last TA was obtained needs to be stored by the UE.

Serving/ Neighbour cell measurement changes:

The UE would consider the TA invalid if the difference between the current serving cell measurements and the recorded serving cell measurements at the time the TA was obtain is greater than a configured threshold. The changes in the neighbour cell measurements can also be used to indicate movement and thus TA validity. The UE may already be conducting neighbour cell measurements when the UE is near the edge of the cell.
Serving Cell Changes:
If a UE changes serving cells while in RRC-inactive/idle, the TA obtained from the previous serving cell is invalid.

Small Cells:
If a UE is connected to a small cell (i.e. cell provides coverage of e.g. <700m), the UE could assume the TA is valid while on that cell. This could be indicated using higher layer signaling. 

The above techniques can be used in combination.

Proposal 4: 
Assume a TA validation mechanism is possible during the NOMA SI phase and then leverage the outcome of the LTE-M/NB-IOT TA mechanism work for NR NOMA during the WI stage.
6. DL Data after UL NOMA transmission

It is very common for user applications to expect a DL data transmission after a UL data transmission. For example, many user applications that send uplink data packets (to a network server, etc.), usually expect a downlink application acknowledgment (from the server, etc.). If the UE needs to use legacy RACH procedure (to enter connected state) each time after the UL NOMA transmission, this may result in more overhead than if legacy RACH procedure was used in the first place for the UL transmission. One solution may be to allow the UE to request to be placed directly into connected mode after the NOMA transmission so that it can receive DL data transmissions without legacy RACH procedure.

Proposal 5: 
The NOMA study should consider optimizing the use case of DL data transmission after UL NOMA transmission.
7. MU-MIMO vs NOMA
As part of the NOMA study, a comparison of the spectral efficiency of NOMA versus the existing Rel-15 MU-MIMO is to be done. While results of this still to come, in [3], some results and observations have been provided, showing that NOMA is not strictly better or worse than MU-MIMO (under the conditioned studied). Also in [4], observations indicate that the NOMA would only have better spectral efficiency than MU-MIMO when the UE’s timing advance is invalid and the gain of NOMA over MU-MIMO when the UE has valid TA is questionable. 
Observation 2:  Preliminary results indicate NOMA only outperforms MU-MIMO when UE has invalid TA. 

Given that the NOMA study use cases are primarily considered for low mobility (or stationary), for small cells (eMBB/URLLC), and mainly indoor UE, i.e. conditions when the UE would have a valid TA, the situations when NOMA is more spectral efficiency than MU-MIMO would be rare. 

Observation 3: 
Situations when NOMA outperforms MU-MIMO may be very rare.
8. Conclusions
Observation 1: 
UE will have valid timing advance most of the time in the use cases considered in the NOMA study.

Observation 2: Preliminary results indicate NOMA only outperforms MU-MIMO when UE has invalid TA. 

Observation 3: 
Situations when NOMA outperforms MU-MIMO may be very rare.

Proposal 1: 
The NOMA study should use pre-configured DMRS/MA signature allocation, similar to Rel-15 configured grants but in RRC-inactive state.
Proposal 2: 
The NOMA study should only consider the case when the UE has valid timing advance, even for UE transmissions from RRC-inactive/idle state.

Proposal 3: 
The NOMA study should consider legacy RACH procedure as a fall-back when the UE determines it has invalid timing advance, instead of supporting preamble+data format.
Proposal 4: 
Assume a TA validation mechanism is possible during the NOMA SI phase and then leverage the outcome of the LTE-M/NB-IOT TA mechanism work for NR NOMA during the WI stage.
Proposal 5: 
The NOMA study should consider optimizing the use case of DL data transmission after UL NOMA transmission.
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