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1 Introduction

At the RAN1 #85 meeting, the following agreements were made regarding grant-less uplink transmission [1]:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics.
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control
· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact
In this contribution, we share our view on grant-less and non-orthogonal uplink transmission in NR. In particular, we discuss key design aspects for grant-less UL NOMA scheme, including resource partitioning, UE identification, preamble and DM-RS design, ACK response and retransmission, and contention based scheduling request. 
2 Discussion on resource partitioning for UL NOMA
For UL NOMA, depending on applications or services, packet payload sizes from multiple UEs could be different. In order to allow efficient usage of the resource for different payload sizes and reduce eNB receiver complexity, e.g., without blind detection of potential MCS and TBS, multiple NOMA sub-regions can be defined within one NOMA resource pool, where each NOMA sub-region may be tailored for one particular MCS, TBS or coverage enhancement level if supported for massive MTC. 
It should be noted that NOMA resource pool partitioning may help reduce eNB receiver complexity and provide system flexibility, however, this partitioning may inherently reduce statistical multiplexing gains given that small amount of resource would be expected for each sub-region due to resource pool partitioning. Hence, it would be desirable to configure a limited number of sub-regions within NOMA resource pool to realize the statistical multiplexing gains while maintaining system flexibility. 
Figure 1 illustrates the OMA and NOMA resource partitioning within system bandwidth. As shown in the figure, NOMA resource pool is further divided into multiple NOMA sub-regions. Note that NOMA resource pool partitioning can be semi-statically configured by eNB in a cell specific manner.  
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Figure 1. NOMA resource pool partitioning
Proposal 1
· NOMA resource pool partitioning can be considered for support of various MCS, TBS and coverage extension levels. 

· A limited number of NOMA resource pool partitions may be desirable to achieve appropriate tradeoff between statistical multiplexing gains, eNB receiver complexity and system flexibility. 

3 Discussion on UE identification
For UL transmissions based on grant-less NOMA schemes, the eNodeB may not have a priori knowledge about the identity of the transmitting UE(s). Moreover, the eNodeB may also not be aware of the number of UEs transmitting on a certain physical resource, and would need to be able to detect the presence of transmissions from multiple UEs.
Hence, the design of the UE-identification mechanism should be able to provide the appropriate means for the eNodeB receiver to detect, decode, and identify multiple UEs. The problem of UE-identification can be partitioned into two parts:
1. Identity for physical layer processing: UE-identification to enable successful demodulation and decoding of the transmitted packets. More specifically, this level of UE identification can be interpreted as the identity of the UE from the perspective of knowledge of the physical layer parameters used for distinguishing different packets being transmitted on the same physical resources.

2. Complete UE identity: The full UE-identification can be carried as part of the encoded data packet. 
Motivated by the above partitioning approach, the indication of the UE-identity can be provided following a hierarchical mechanism such that the different levels of a UE’s identity are revealed to the eNB. In particular, DM-RS sequence can be derived as a function of the UE-ID, and in turn the choice of the DM-RS sequence bears a one-to-one or many-to-one mapping to the space of short UE-specific signatures used for sequence-based spreading of the data. Additionally, the complete UE-ID is carried as part of the encoded data packet or its header. Thus, once the eNodeB detects the correct DM-RS sequence, it can determine the signature sequence used by this UE for the spreading of the data using short codes. This provides the eNodeB receiver with all necessary information to demodulate and decode the packet.
Proposal 2
· RAN1 to further study on proper UE identification mechanism for grant-less UL NOMA. 
4 Discussion on preamble and DM-RS design
To decode the packet from multiple UEs, eNB may first perform packet detection to detect whether the uplink data packet is present in a common physical resource and subsequently, DM-RS identification to ensure appropriate channel estimation and timing/frequency offset compensation. This indicates overall demodulation and decoding performance heavily relies on reliable channel estimation, especially in the presence of non-orthogonal transmissions from multiple UEs. To achieve better decoding performance, the DM-RS design should facilitate realization of “SINR gains” either based on processing gain of the sequences based on long spreading and subsequent de-spreading operations or based on the combining gain from repetitions and subsequent cross-time-slot/cross-subframe filtering of the DM-RS symbols at the eNB receiver.
In the design of DM-RS sequence, low cross-correlation properties should be maintained with at least quasi orthogonality between different sequences. Typically, quasi-orthogonal DM-RS sequences can provide a larger code space compared to fully orthogonal sequences, which is beneficial in the support of massive number of MTC devices in the network. However, from reception perspective, quasi-orthogonality of DM-RS sequence may result in channel estimation performance degradation, and thus overall decoding performance loss when multiple users transmit the uplink data packet in the same physical resource. To overcome this issue and improve the channel estimation performance, advanced channel estimation algorithms, e.g., MMSE algorithm with interference cancellation may need to be implemented at eNB receiver. 
In general, a combination of fully orthogonal and quasi-orthogonal sequence may be considered for DM-RS in uplink NOMA. Using LTE as an example, DM-RS sequence for PUSCH consists of a base sequence and a cyclic shifted version of the base sequence. More specifically, the base sequences from different cells are quasi-orthogonal with relatively low cross correlation while different cyclic shifted versions of the same base sequence are completely orthogonal in frequency flat channels. For DM-RS sequence design in NOMA, PUSCH DM-RS in LTE may be considered as a starting point, with appropriate modifications to provide large code space for support of massive number of UEs. 
As agreed in the RAN1 #85 meeting [1], DL synchronization is assumed for autonomous/grant-free/contention based UL non-orthogonal multiple access. However, when multiple UEs transmit the data packet in the same physical resources, UL synchronization may or may not be assumed. To support UL non-synchronized scenario where multiple UEs transmit the uplink packet following DL reference timing without application of timing advance and resulting timing offsets between UEs are greater than a cyclic prefix, additional preamble may be inserted at the beginning of uplink transmission so as to allow eNB to accurately estimate the time of arrival from multiple UEs. This additional preamble, together with DM-RS may further help improve the channel estimation performance, especially for UL synchronized case where timing offset between UEs are within a cyclic prefix. Towards this end, it is preferable to consider a unified preamble and DM-RS design that could be applied to both types of UL synchronized and UL non-synchronized scenarios for NOMA transmissions. 
Proposal 3
· RAN1 to further study the design of DM-RS sequence with the consideration of 

a. large code space to support massive number of devices and

b. Reliable channel estimation performance. 
· A unified preamble and DM-RS design to support both UL synchronized and UL non-synchronized scenarios is preferred.  
5 Discussion on ACK response and retransmission
After UE transmits the uplink data packet using NOMA, it may expect ACK response from eNB within an ACK response window. Further, ACK response can be transmitted in an UE specific or group specific manner. In the latter case, eNB may feedback ACK/NACK response for multiple UEs who transmit the uplink data in the same physical resources, which may help reduce signalling overhead and improve spectrum efficiency. Further, similar to RAR, CRC for DL control over a common search space can be scrambled by a new RNTI which is defined as a function of time/frequency index for the resource pool. 
Note that if UE does not receive the ACK response from eNB within the ACK response window, it may need to wait until next opportunity for uplink data transmission. Further, random back-off mechanism with appropriate power adjustment on the retransmission may be desirable for collision handling and interference management. If a maximum number of retransmission is reached, UE may transmit the data following conventional uplink transmission procedure using OMA transmission scheme. Figure 2 illustrates grant-less uplink transmission and retransmission procedure. 
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Figure 2. Grant-less uplink transmission and retransmission

Proposal 4

· ACK response to grant-less UL transmission can be UE specific or group specific. 

· Random back-off mechanism is beneficial for grant-less retransmission.
In general, support of retransmissions or multiple attempts is essential for UL grant-free NOMA schemes to provide sufficient reliability, especially for mMTC use cases that demand additional coverage enhancements compared to regular broadband operation. In this case, UEs may select the adequate repetition level for each transmission or retransmission based on its estimate of its coverage condition from DL measurements (e.g., RSRP, RSRQ, etc.). To further exploit the benefit of frequency diversity, frequency hopping during the repeated transmission may be defined, which can also help randomize the interference from system perspective. 
In case when UE does not receive ACK response or receives NACK response from eNB, certain link adaptation mechanisms, e.g., transmit power ramping, MCS adjustment or repetition level ramping for retransmission can be considered to further improve the link budget. For instance, the repetition level can be increased to improve the robustness and link-budget of the subsequent transmission attempts. 
Proposal 5

· Link adaptation mechanism can be considered for UL grant-less retransmission. 
6 Discussion on contention based scheduling request

It is known that grant-free non-orthogonal multiple access would be beneficial for supporting massive number of UEs requesting intermittent transmissions of small data packets. The one shot uplink transmission scheme can also help reduce the signalling overhead substantially as complex RACH procedure or conventional scheduling request procedure for uplink transmission is not needed. For data packet with relatively large packet sizes, however, using grant-less NOMA scheme may not be desirable due to high eNB receiver complexity and inefficient interference management. Moreover, given that low code rate spreading or sequence based spreading is typically employed for UL NOMA, large amount of resource is required to achieve decent decoding performance, which may adversely impact the system spectrum efficiency. For instance, for data packet with 5000 bits payload size, ~350 PRB pairs are needed to achieve effective coding rate of 1/20 with QPSK modulation. 
To improve the decoding performance for relatively large data packets, one potential solution is to consider two step transmission, i.e., contention based scheduling request followed by OMA or NOMA data transmission. Figure 3 illustrates the comparison between contention based data transmission and contention based scheduling request. More specifically, for contention based scheduling request, when UE wakes up and intends to transmit the data in the uplink, it first acquires the DL synchronization signal and obtains necessary system information from MIB and SIBs. Subsequently, for relatively data packets, UE transmits the scheduling request on a shared physical resource which carries certain information including buffer status request and UE identity. After successful decoding of scheduling request, eNB may allocate proper resource for unicast transmission using either OMA or NOMA. The UE specific resource allocation or ACK response to the scheduling request can help reduce collisions for the actual data transmission that can be beneficial especially for medium to large data packet sizes in relatively heavy system loading conditions. Meanwhile, this mechanism can help reduce the latency and signalling overhead compared to the conventional RACH procedure. 
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Figure 3. Contention based data transmission and contention based scheduling request
Proposal 6
· Contention based scheduling request can be considered for UL NOMA with relatively large data packets.  

7 Conclusions

In this contribution, we provided our views on the grant-less and non-orthogonal uplink transmission in NR. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1
· NOMA resource pool partitioning can be considered for support of various MCS, TBS and coverage extension levels. 

· A limited number of NOMA resource pool partitions may be desirable to achieve appropriate tradeoff between statistical multiplexing gains, eNB receiver complexity and system flexibility. 

Proposal 2
· RAN1 to further study on proper UE identification mechanism for grant-less UL NOMA. 

Proposal 3

· RAN1 to further study the design of DM-RS sequence with the consideration of 

a. large code space to support massive number of devices and

b. Reliable channel estimation performance. 
· A unified preamble and DM-RS design to support both UL synchronized and UL non-synchronized scenarios is preferred.  
Proposal 4

· ACK response to grant-less UL transmission can be UE specific or group specific. 

· Random back-off mechanism is beneficial for grant-less retransmission.

Proposal 5

· Link adaptation mechanism can be considered for UL grant-less retransmission. 
Proposal 6

· Contention based scheduling request can be considered for UL NOMA with relatively large data packets.  
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