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Introduction
In RAN #71, the SID on the 5G new radio interface was approved [1]. The design of NR air interface includes waveform and multiple access schemes. In RAN1 #84bis, it was agreed that non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases.
Pattern division multiple access (PDMA) is a code based non-orthogonal multiple access scheme introduced in [2]. Based on former suggested use cases for non-orthogonal multiple access in [3~5], in this contribution, we discuss further the scenarios and use cases for PDMA.
Deployment Scenarios and Use Cases for PDMA
PDMA is a non-orthogonal multiple access for quasi-coordinated multi-stream data transmission from same or different transmission points. The quasi-coordination is a loose coordination among transmitter without precised alignment of data, transmission time and phase. Thus, PDMA could apply to the scenarios of extremely high density of users and interference coordination for the system without tightly coordination.
Following scenarios and use cases are analyzed for potential PDMA application:
· DL with macro and small cell(s) multi-stream transmission
· DL with TRP and relay (L2 or L3) joint transmission
· UL with dense UE deployment – mMTC
· UL with dense UE deployment – eMBB
· UL for joint transmission with relay (L2 or L3) to the TRP
· SL with D2D and V2V multi-hop direct communication
PDMA for DL with macro and small cell(s) multi-stream transmission
As shown in Fig.1, multiple data streams from macro and small cell(s) can be transmitted to a UE with PDMA code separation. PDMA is an alternative to coordinated beamforming (CB), while PDMA has following advantages compared with CB.
· PDMA does not require tight coordination among base stations, while CB requires high coordination of precoding among base stations.
· PDMA is to transmit different data streams from macro and small cell(s) to a UE, while CB is to coordinate different data streams from macro and small cell(s) to different UEs with spatial coordination.
· PDMA does not need tight synchronization in transmission time and phase for different data streams. Especially, in case that different streams have different receiving power at the UE, PDMA can take its advantage by code domain combination with different receiving power.
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Fig.1 DL with macro and small cell(s) multi-stream transmission

PDMA for DL with TRP and relay (L2 or L3) joint transmission
Relay was investigated in LTE for extended indoor coverage due to no access to the backhaul. L3 relay is mainly for coverage extension purpose. L2 Relay, such as decode-and-forward and amplify-and-forward, has been shown in literature and studied in LTE Rel-10 with performance gain. PDMA supports both L2 and L3 relay.
As shown in Fig.2, the relay node will receive the data at the same time as the UE. The relay node will re-encode and transmit the data to the UE. The UE will receive the data from the relay node with additional delay. For UEs under coverage of both the TRP and the relay node, different data streams from both TRP and relay are transmitted to a UE with PDMA code separation. Usually, the signal from the relay is a delay version of the data from the TRP. The signal from the TRP is relatively weaker comparing to that from the relay. UE can combine the delay version of data packet from the relay node and the original data from the TRP and improve its signal fidelity.
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Fig.2 DL with TRP and relay (L2 or L3) joint transmission

PDMA for UL with dense UE deployment -- mMTC
For massive MTC in NR system, a large number of MTC devices will access the network with the target density of 1 million devices per square kilometre. Due to limited time/frequency/spatial resources, orthogonal multiple access is very challenged to meet the requirements of large number of simultaneous connections.
As shown in Fig.3, PDMA can achieve resource reuse for the massive connections which different users are distinguished by code for the separation of shared resource. The published research results and the NR contribution [2] show that PDMA can support above 6 times the number of connected users over that of OFDMA.
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Fig.3 UL with dense UE deployment -- mMTC

PDMA for UL with dense UE deployment -- eMBB
The NR system targets to support both wide area, indoor, and hotspot coverage. For hotspot coverage area, such as outdoor stadium, indoor arena, shopping mall, large auditorium, and outdoor square assembling, a large number of users would access the network simultaneously for high speed data services. Due to limited resource in time/frequency/space, it is difficult for orthogonal multiple access to support so many users.
As shown in Fig.4, PDMA can be used for further multiplexing more users on the same radio resource by code separation. Compared with multiplexing of uses through spatial separation in MU-MIMO, PDMA is less dependent to the channel variation in multiplexing multiple users on the same radio resource for dense UE deployment scenarios. Furthermore, PDMA can be used flexibly in combination with MIMO spatial multiplexing to improve the single user throughput.
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Fig.4 UL with dense UE deployment -- eMBB

PDMA for UL for joint transmission with relay (L2 or L3) to the TRP
Similar to the case described in section 2.2 with relay node in the deployment, the relay node will receive UL transmission from the UE. The relay node can re-encode (L3 relay) or forward/amplify (L2 relay) the data to the TRP. The TRP will receive a delay copy of the UL transmission from the UE shown in Fig.5. The TRP will receive the UL transmission of current TTI from the UE as well as UL transmission of previous TTI from the relay node. UL transmission of current TTI from the UE and previous TTI from the relay node can be encoded with different PDMA codes at the transmitter for the code separation of shared radio resource. By this way, the uplink signal from a UE can get higher fidelity by jointly processing their receiving signals from different channels.
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Fig.5 UL for joint transmission with relay (L2 or L3) to the TRP

PDMA for SL with D2D and V2V multi-hop direct communication
The resource allocation scheme of Sidelink (SL) is distributed and contention based. The collision probability would be high when the sidelink system load is high and orthogonal multiple access is used.
PDMA is one type of collision resolution and improves resource utilization by PDMA encoding at the transmitter for code separation of shared resource when sidelink system load is high. As shown in Fig.6, data streams from different UEs can be transmitted to destination UE with different PDMA codes for the separation of shared resource.
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Fig.6 SL with D2D and V2V multi-hop direct communication

Conclusion
In this contribution, diversified NR usage scenarios and use cases for pattern division multiple access are discussed. We have following observations for PDMA application.
· Observation 1: PDMA can be used in DL with macro and small cell(s) multi-stream transmission.
· Observation 2: PDMA can be used in DL with TRP and relay (L2 or L3) joint transmission.
· Observation 3: PDMA can be used in UL with dense UE deployment – mMTC.
· Observation 4: PDMA can be used in UL with dense UE deployment – eMBB.
· Observation 5: PDMA can be used in UL for joint transmission with relay (L2 or L3) to the TRP.
· Observation 6: PDMA can be used in SL with D2D and V2V multi-hop direct communication.
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