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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
 Timing misalignment for NoMA procedure
There are in general three types of timing misalignment as following descriptions: 
Type 1: Close-loop TA adjustment. For this type, UE will perform random access process to obtain initial TA. Meanwhile, the TA value is continually updated by TA adjustment. As a result, the timing error is considered to be very small and no additional processing is required. UE is working under synchronization mode and the performance will not be degraded by timing error.
Type 2: Open-loop TA adjustment. UE only perform once random access procedure to get initial TA. However, no subsequent TA adjustment is applied. If the UE is stationary, such initial TA will be sufficient for the transmission. In case of UE is moving or due to the varying channel environment, it may not ensure that the timing error is very small, but with proper operation, the timing error could still be maintained to be a tolerable level. Compared with Type 1, Type 2 might have small performance loss due to the timing error.
Type 3: No TA adjustment. For this type, neither random access nor TA adjustment is performed. UE is under pure asynchronization. Although asychronization may reduce the need of signaling overhead and seems friendly to have less latency but the sacrifice of system performance may be also huge, e.g., the detection performance might be degraded significantly. Since there is no alignment for multiple UEs sharing the same resources at the receiver, inter-symbol interference is severer as well as the inter-carrier interference is still critical, especially for adjacent band. What is more, the DMRS-based channel estimation is also damaged by timing misalignment between different UEs, leading to even worse NoMA detection performance.
Based on previous analysis, we have following observation.
Observation 1: Purely no TA acquisition, i.e., Type 3, suffers from severe ISI, ICI and channel estimation degradation in NR OFDM based system. Additional means are needed in order to support type 3 and should be carefully investigated. 


 Basic channel structure for grant free transmission
For the scenarios like UL mMTC, sporadic transmission of small-size data packets with long intervals would most likely occur. In this case, grant-based transmission might not be so efficient due to the expected huge amount of signaling overhead in comparison with not so huge data load. Accordingly, the grant-free transmission is desirable. 
A grant-free transmission from a UE does not require dynamic scheduling grant from gNB and multiple UEs can share the same time and frequency resources. In this case, a UE can start data transmission autonomously using either randomly selected resources or pre-configure/determined resources. Since the gNB does not have any prior information for the occurrence of the transmission, blind detection should be performed by gNB receiver for UE separation/identification. Due to the blindness nature, the complexity at gNB can be considerable. Also, when collisions occur among multiple UEs, e.g., these UEs select or are pre-configured with same MA resources and transmit simultaneously; it is very likely that the gNB may have difficulty to decode the data from all UEs correctly. 
Based on the above discussions, a grant-free channel structure for NoMA based one-shot transmission scheme is illustrated in Figure 1, which can be referred to [2]. In the proposed structure, both preamble and payload are transmitted in one shot. The grant free transmission occasion (GFO) may contain the following parts: CP of the preamble (CP1), preamble, CP of the payload (CP2), payload and guard time (GT).


Fig. 1 Channel structure of a grant free transmission occasion
The lengths of CP1 and CP2 are usually same and large enough to guarantee the detection accuracy. Thus, in order to support the type 3 as described in previous section, e.g., the so called pure asychronization, the CP length need to be larger comparing with that for the type 1/2 in previous section, e.g., close-loop TA or open loop TA. As it will depend only on the CP to cover the largest round trip time, so that the CP overhead might become a non-negligible drawback. On the contrary, for the type 1/2 case, the CP length can be controlled to be acceptable with the help of timing advance. 
Observation 2: pure asynchronized case may need large CP overhead in order to support grant free transmission, subject to cell radius.
Proposal 1: The channel structure of a preamble preceding a data payload can be considered for grant-free transmission based non-orthogonal multiple access.
Consideration on grant free procedure
Based on the above channel structure for grant free transmission, an example procedure for grant free non-orthogonal multiple access is discussed hereinafter. In order to conduct grant free transmission, for a UE, especially an idle-mode UE, it needs to know the available time/frequency domain resource (e.g., GFO index), GF preamble pool (or the DMRS sequence pool), and the MA signature pool. While for a connected state UE, the GFO, preamble, or the MA signature might be configured by the gNB and UE can autonomously transmit with the configured resource. As discussed before, the pool-manner could help to reduce the signaling overhead while the individual-configuration-manner could provide more controllable contention. As discussed before, the small/tolerable timing error seems more attractive for designing NoMA grant free transmission. That’s to say, the (idle/connected) UE in a small cell in which the CP could cover the round trip time and the UE with close-loop or open-loop TA are more suitable for grant free transmission.
Moreover, the mapping relationship between preamble sequences and MA signature could be configured to reduce the burden of blind detection at gNB. In this case, by detecting a preamble, the gNB may derive the MA signature used in the corresponding payload contents via the preconfigured mapping relationship. If two or more preambles are mapped to the same payload resource, these preambles should be orthogonal or quasi-orthogonal, and the data payloads could be multiplexed by two different MA signatures as shown in the figure 2. 


Fig. 2 multiplexing of payload resources with NoMA
In particular, a UE transmits the preamble and data payload in the determined GFO. One additional aspect may need some study is the multi-beam impact to the determination of GFO. For example, in the FR2 region, the gNB will transmit DL signals with certain beams, thus the GFO/preambles/MA signature may also need to have the association with certain DL signals, like SSB/CSI-RS.
Proposal 2: the resource configuration for grant free transmission should consider the GFO indication, preamble/DMRS indication and MA signature indication.
If the preamble is detected and the corresponding payload is correctly decoded by the gNB, the feedback information should be sent to the UE. First of all, UE has to know what kind of RNTI it should use as GF-RNTI for monitoring the PDCCH. For the idle-mode UE, one way could use a similar manner of calculating the RA-RNTI, only we may use the GFO location instead, another way could be gNB configures a RNTI value range/set for UE to choose, these RNTI value could be associated with MA signature, so that when gNB successfully decoded the data payload with a certain MA signature, it could scrambled the CRC with the corresponding GF-RNTI value, while the UE also know this GF-RNTI value based on the MA signature it selects, thus no ambiguity between gNB and UE. For the connected-mode UE with UE specifically configured grant free transmission resource, C-RNTI could be used as GF-RNTI to monitoring the PDCCH from gNB. 
Proposal 3: Means to determine the GF-RNTI need to be studied.
If the data payload is decoded correctly, the feedback information should include a notification of ACK and/or the detected UE ID information. The former could be directly represented by the match of the detected UE ID. Thus the UE could tell the previously transmitted grant free data payload is successfully received by the gNB and no re-transmission is needed. Besides, in case of UE may include the BSR in the data payload, or gNB wants to request the UE to do a grant based re-transmission, a UL grant could be included in the feedback as well. 

Discuss NoMA procedure on grant-based transmissions
Motivations for grant-based NoMA
Grant-based NoMA is supportable for latency-tolerable traffic such as eMBB especially for small data packet. Grant-based NoMA can give additional scheduling flexibility using MA signature domain on top of time and frequency resources compared to OMA, so that network capacity can be improved. This is similar to MU-MIMO which utilizes spatial domain. However, MU-MIMO is supportable only for a group of UEs who are spatially separated enough to distinguish multiple users by beamforming. On the other hand, there is no such a restriction in grant-based NoMA since the gNB can choose and allocate proper MA signatures to the UEs to distinguish them. Therefore, grant-based NoMA would be more efficient way to increase the spectral efficiency over MU-MIMO.
Observation 3: Grant-based NoMA is more efficient way to schedule a number of UEs in the same resources compared to MU-MIMO.
There are several benefits for grant-based NoMA. First of all, time/frequency resources can be utilized more efficiently for grant-based NoMA. If network wants to support huge connection density of 10-6 devices/km2 for mMTC based on grant-free transmission only, the portion of unusable resources semi-statically occupied for grant-free transmission would increase incredibly. As resources are dynamically allocated by gNB for grant-based transmission, semi-statically configured resource pool for grant-free transmission where other transmissions are not allowed can be minimized. In addition, NoMA transmission can be further optimized in grant-based NoMA since it is possible to allocate the most appropriate MA signature to the UEs dynamically by L1 signaling. The optimal MA signature may be variable depending on many of system parameters such as the number of shared resources, the number of co-scheduled UEs, MCS, link quality and etc. Taking into account these parameters, the gNB may choose proper MA signatures to be used for a number of UEs. Consequently, it is expected that grant-based NoMA will give a positive synergy effect when it used with grant-free NoMA together in a network.
Observation 4: Grant-based NoMA is a good supplement to remedy weak points of grant-free NoMA. 
Potential enhancement in control signaling
For grant-based NoMA, control channel capacity can be a bottleneck to support huge connection density at least for mMTC. To minimize the control signalling overhead, unnecessary (or less important) fields should be removed or minimized from the current DCI field. The most portion of DCI sizes are consumed by the frequency domain resource allocation filed. Therefore, possible enhancement can be achieved by minimizing the control signalling for resource allocation field. As an alternative, group common signalling for resource allocation can be considered. For NoMA, a number of UEs will be scheduled in same resources. Therefore, it would be very inefficient to indicate resource allocation for each of UE dedicatedly. Instead, the same resource allocation information can be indicated by group common DCI and a number of UEs potentially operated in NoMA can monitor the DCI. As the other alternative, the gNB can just indicate a resource pool index among pre-configured resource pools as shown in Figure xx. This approach will cause some loss in scheduling flexibility. Nevertheless, the amount of bits for resource allocation indication can be significantly reduced.


[bookmark: _GoBack]Figure 3.  Example of dynamic indication of resource pool for grant-based NoMA
Observation 5: For grant-based NoMA, downlink control signalling should be minimized to support huge connection density at least for mMTC.
Proposal 4: For grant-based NoMA, the resource allocation could be provided to the UEs by group common L1 signalling.
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: Purely no TA acquisition, i.e., Type 3, suffers from severe ISI, ICI and channel estimation degradation in NR OFDM based system. Additional means are needed in order to support type 3 and should be carefully investigated. 
Observation 2: pure asynchronized case may need large CP overhead in order to support grant free transmission, subject to cell radius.
Observation 3: Grant-based NoMA is more efficient way to schedule a number of UEs in the same resources compared to MU-MIMO.
Observation 4: Grant-based NoMA is a good supplement to remedy weak points of grant-free NoMA. 
Observation 5: For grant-based NoMA, downlink control signalling should be minimized to support huge connection density at least for mMTC.

Proposal 1: The channel structure of a preamble preceding a data payload can be considered for grant-free transmission based non-orthogonal multiple access.
Proposal 2: the resource configuration for grant free transmission should consider the GFO indication, preamble/DMRS indication and MA signature indication.
Proposal 3: Means to determine the GF-RNTI need to be studied.
Proposal 4: For grant-based NoMA, the resource allocation could be provided to the UEs by group common L1 signalling.
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