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1 Introduction
Since RAN1#84bis, the framework/mechanism of scheduling based and grant-free based uplink transmission for non-orthogonal multiple access was extensively discussed. RAN1 has already agreed that at least for UL mMTC, grant-free based non-orthogonal multiple access should be studied in [1, 2]. 
During RAN1#86 meeting, further agreements on non-orthogonal multiple access based on grant-free uplink transmission is made in [3]: 
Agreements:
· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

Agreement:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

Agreements:
· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

Agreement:
· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 

· The proposed DMRS pattern(s), if any, for channel estimation

· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.

· FFS: DMRS contamination due to inter-cell interference

· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access

· Note: companies report the DMRS settings used for the LLS/SLS evaluation.

In this contribution, we focus on the possible issues of grant-free based uplink transmission for NR and present our views.
2 Possible issues for grant-free based UL transmission
As mentioned above, in case of NOMA, a multiple access (MA) resource is comprised of a physical resource and a signature, wherein, the physical resource is comprised of a resource block in time-frequency domain and a signature is directly related to the specific NOMA scheme and can be a codebook/codeword, a sequence, an interleaver and/or mapping pattern, a demodulation reference signal, a preamble, or a resource in spatial-dimension or power-dimension. Different UEs using same physical time-frequency resource are differentiated by different signatures at the transmitter side and are then combined through the wireless channel, so that the receiver can separate the superposed signals by using advanced multi-user detection (MUD) algorithms, e.g., MPA, SIC or PIC. More advanced receiver algorithm can get better performance at the cost of higher complexity. Considering the eNB can bear the higher complexity than UE, NOMA is better for uplink transmission than downlink transmission.

In current LTE framework, UL transmission is based on the serving eNB scheduling, i.e., UE behavior on any UL transmission is completely controlled by eNB. Relying on orthogonal resource allocation by eNB, scheduling based UL transmission can achieve orthogonal multiple access (OMA) in LTE so as to avoid intra-cell interference due to possible resource collision. However, for NR, considering the requirements of supporting diversified services, such orthogonal design leads to large limitations [4, 5]. Consequently, this provides opportunities for non-orthogonal multiple access and grant-free based transmission. In NOMA, multiple users can simultaneously transmit their own uplink data on same resource so as to further improve spectrum efficiency and increase system capacity. Besides, when NOMA is combined with grant-free based uplink transmission, there are several benefits: the resource collision due to grant-free based uplink transmission can be mitigated by eNB with advanced multi-user detection algorithm, e.g., MPA or SIC [6]; the latency is greatly reduced by grant-free based uplink transmission compared to LTE scheduling based uplink transmission. Therefore, NOMA combined with grant-free based uplink transmission is more appropriate for the mMTC or URLLC which need larger system capacity or low latency. OMA with scheduling based uplink transmission is suitable for eMBB to provide seamless coverage and very high user experience data rate.
On the other hand, considering NR should be able to provide diversified services in a single carrier and different services may require different numerologies, the system bandwidth should be pre-allocated with several resource regions. Some regions are allocated for mMTC or URLLC with non-orthogonal multiple access and grant-free based uplink transmission while the remaining regions are used for eMBB with orthogonal resource allocation and scheduling based uplink transmission. If different numerologies are used for different services, e.g., the symbol duration or TTI for URLLC may be smaller than that for eMBB, filter is added to avoid inter-carrier interference (ICI) as shown in [5].

To support diversified services in one system bandwidth, a resource pool in the time and frequency domain can be configured for a specific service. This resource pool can be indicated to the UE the available time-frequency resource for mMTC or URLLC. This is similar to resource pool configuration and indication in D2D and V2V in LTE-A. A common understanding between eNB and UE or Tx UE and Rx UE can be reached this way. 

The bandwidth allocated for mMTC or URLLC for the purpose of grant-free based uplink transmission can be partitioned into several subchannels with equal size. Each subchannel can be seen as one resource set and shared by multiple UEs via a predefined NOMA scheme. Many NOMA schemes have been proposed. Relying on the specific NOMA scheme, the bandwidth for each subchannel is partitioned. Meanwhile, to avoid the resource fragmentation, the bandwidth for mMTC or URLLC needs to be contiguous in frequency domain. 

Proposal 1: Resource pool partition needs to be considered for diversified services provided by one system bandwidth.
Compared to scheduling based mechanism, grant-free based uplink transmission may suffer from lower reliability. Although it can be combined with non-orthogonal multiple access, the performance is mainly dependent on the practical receiver algorithm. More advanced receiver algorithm needs more iterative calculations and leads to higher complexity. Services like URLLC requiring high reliability need to be transmitted with orthogonal resource allocation. It should be quite careful for the design of URLLC From the perspective of reliability, URLLC needs ultra high reliability so that it is better to use scheduling-based transmission with orthogonal multiple access. From the perspective of latency requirements, URLLC needs low latency so that it is more suitable to use grant-free transmission with NOMA. So how to reach a tradeoff between ultra reliability and low latency needs further study. 
Proposal 2: Both NOMA with grant-free based uplink transmission and OMA with scheduling based uplink transmission should be supported.
In LTE framework, one important aspect for uplink transmission is to maintain intra-cell orthogonality, i.e., uplink transmission received from multiple UEs within a same serving cell should not cause interference to each other. In order to maintain such orthogonality in uplink transmission, uplink transmissions from different UEs in same subframe but in different frequency resource should be synchronized at the receiver of eNB. More specifically, as long as the timing offsets of the received signals between different UEs are within the range of the cyclic prefix, eNB can mitigate the interference due to timing misalignment between different UEs. In this way, uplink timing advance mechanism is introduced in LTE.

In LTE specification, the granularity for uplink timing advance is 16*Ts, i.e., 0.52us. It is sufficient to enable uplink transmission timing within the range of CP (minimum CP length is 4.7us). The timing-advance value for each UE is determined by eNB based on measurements on the respective uplink transmissions. By adjusting the TA value appropriately for each UE, eNB can control the arrival timing of the received signals from the UE. UEs far from the eNB can start their uplink transmissions somewhat in advance, compared to UEs closer to the eNB. In practice, for random access purpose, after UE transmits PRACH, eNB shall feedback the 11-bit TA value for the UE as RACH response. For RRC_ connected UE, the timing advance information is maintained by eNB with 6-bit TA command in MAC control element (CE) to adjust the possible TA fluctuation.
For grant-free based UL transmission without any timing advance (TA) assistance, different UE signals transmitted in the same subframe may arrive at the serving eNB with different timing offset. In case of OFDM based waveform, if the timing offset between different UEs is larger than the CP, superposed signals of multiple UEs on same resource will increase the eNB blind detection complexity due to severe interference and lead to performance loss.

Regarding the proposed NOMA schemes, as analyzed in [6], the majority of the proposed NOMA schemes need UL synchronization support, i.e., arrival timing offsets between UEs should be kept within a cyclic prefix. Only single tone based RSMA can support the asynchronous case. However, single tone based RSMA cannot efficiently solve the problem of multi-path channel and integrate with MIMO easily. Additionally, asynchronous NOMA needs more complicated receiver. Therefore, UL synchronization should be maintained for uplink grant-free based transmission and uplink non-orthogonal multiple access.

Proposal 3: UL synchronization should be maintained for grant-free based uplink transmission with non-orthogonal multiple access.
3 Conclusion

In this contribution, we focus on possible issues of contention based uplink transmission for NR and present our views. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Resource pool partition needs to be considered for diversified services provided by one system bandwidth.
Proposal 2: Both NOMA with grant-free based uplink transmission and OMA with scheduling based uplink transmission should be supported.
Proposal 3: UL synchronization should be maintained for grant-free based uplink transmission with non-orthogonal multiple access.
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