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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding UL non-orthogonal multiple access (NOMA) and UL grant-free transmissions [1]:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC.
In addition, the following agreements were made with respect to the definition of MA resource and MA physical resource [1]: 

· 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 
For the case of grant-free UL transmissions, one important aspect is the determination of MA resource for UL transmissions. In this regard, RAN1 made the following agreements during the RAN1 #86 meeting [1]:
· 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

In this contribution, we present our view on the overall procedure, possible components of grant-free UL transmissions, details of MA physical resources. We also share our views on MA resource pool configuration options, MA resource selection, and UE identification mechanisms. 
2 Grant-free UL transmission procedure and MA resource composition
Grant-free UL transmission procedure

Grant-free UL transmission schemes need to ensure that the identification of the transmission parameters (e.g., MCS/TBS), identification of the UE for purpose of decoding at the physical layer (e.g., knowledge of the MA signature), synchronization, and channel estimation can be determined or detected by the Base Station (BS).

Accordingly, various procedures for grant-free transmissions can be considered towards achieving these goals, and corresponding to the possible procedures, the grant-free UL NOMA transmissions can be composed accordingly of one or more physical channels or signals. Such components possibly include presence of a preamble that can facilitate UE identification (at least part of the MA signature can be conveyed by the preamble), a control channel to provide information about the transmission parameters and possibly at least a part of the MA signature to the BS receiver, and the data channel that actually carries the encoded user data and headers. 

Note that while the contents can be specific to the control and the data channels respectively, the physical layer structure and the NOMA spreading scheme can be common for both the control and data channels.

In the following, we consider two broad options wherein the distinction is based on the presence of the control channel.

Option 1: Physical layer transmission parameters including MCS/TBS, MA signature, etc. are explicitly signaled by control channel. 

· In this option, a dedicated control channel is transmitted with preamble or data channel.

· BS detects preamble and determines certain information (e.g., resource and at least a part of the MA signature) for control channel.

· BS then decodes control channel for MCS/TBS, MA signature, other control information for data channel reception. 
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Fig. 1: Option 1 for grant-free UL transmission procedure

Option 2: Physical layer transmission parameters including MCS/TBS, MA signature, etc.  are implicitly derived. 

· In this option, a dedicated control channel is not needed.

· MCS/TBS and MA signature information may be derived from preamble and/or implicitly derived from resource pool partition. 

· BS detects preamble and determines certain information (e.g., TBS/MCS/resource) for data channel transmission. 
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Fig. 2: Option 2 for grant-free UL transmission procedure without control channel transmission
Compared to Option 2, Option 1 can facilitate support of flexible set of transmission parameters, including different MCS, TBS values, and number of repetitions, at the cost of UL resource overhead and interference from transmission of the control channel. On the other hand, Option 2 may be appropriate for use cases with a more limited set of packet sizes and traffic characteristics, such that it may be feasible for the BS to be able to blindly detect a much smaller subset of transmission parameters or even use the preamble and/or resource pool partition and/or other MA signature options to convey such information. For instance, the combination of MCS, TBS, and number of repetitions can be reduced by fixing the MCS and allowing a few values of TBS and time domain repetitions.
Observation 1

· Different physical structures and related procedures for grant-free UL transmissions can be considered depending on the target scenarios, operation points, use cases, and target KPIs.

· Further studies are necessary in identifying the appropriate procedures suitable for different target scenarios in view of flexibility vs. overhead reduction and receiver complexity. 
The interchangeable roles between DM-RS and preamble

For all alternatives (under either Option) wherein the preamble and control and/or data transmission are on contiguous set of physical resources or transmitted as part of the same physical resource, the preamble functionality can be realized by additional DM-RS symbols and at the receiver, both preamble and actual DM-RS may be used for channel estimation for packet demodulation. In this sense, it needs further studies whether a dedicated preamble design that is different from DM-RS used for data channel (and possibly control channel) demodulation.

As one example, assuming a LTE PUSCH DM-RS design, the preamble functionality can be realized by having one or more DM-RS symbols right before the transmission of the data transmission with or without a time gap between the end of the preamble part and the beginning of the data transmission. This is shown in Fig. 3 below. Such a design approach could be considered to achieve a common physical structure of grant-free UL NOMA transmissions that could support both UL synchronous and asynchronous cases.
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Fig. 3: Illustration of a common preamble + DM-RS design.
3 MA physical resources – virtual MA resources
An individual MA physical resource, defined as a time-frequency block, can span multiple PRBs and/or multiple subframes. As an example, for support of enhanced coverage for mMTC use cases, the smallest schedulable resource amount in the frequency (e.g., a PRB or one or more subcarriers) and multiple subframes or slots in time can be configured as an MA physical resource. Further, when transmitting using multiple time-domain resources (e.g., subframes, slots), the transport block (TB) may either be transmitted with repetitions over the multiple time domain resources or be directly mapped to multiple subframes, or a combination of both. 

For transmissions spanning multiple time units (e.g., subframes or slots), time-frequency hopping can be used in defining an individual MA physical resource in order to improve the robustness based on diversity gains and possibly also interference randomization. Thus, the MA physical resources, MA physical resource pool, and MA physical resource selection or configuration can be defined in terms of “logical” or “virtual” MA resources where the mapping from logical resources to physical resources is achieved by the time-frequency hopping patterns.
The time-frequency hopping can be either deterministic (to enable combining of the received packets) or pseudorandom (to provide interference randomization) or a combination of the above. If the TB is directly mapped onto multiple time domain resources, then a deterministic relationship is necessary to enable the reception of the complete transport block. However, for repetition-based mapping of the TB to multiple time domain resources, the time-frequency hopping can be based on a pseudorandom hopping pattern.
Proposal 1:

· An individual MA physical resource, defined as a time-frequency block, can span multiple PRBs and/or multiple subframes. 
· The MA physical resources, MA physical resource pool, and MA physical resource selection or configuration can be defined in terms of “virtual” MA resources where the mapping from logical resources to physical resources is achieved by the time-frequency hopping patterns. 
4 MA resource pool configuration
MA resource pool comprises of one or more MA resources, and thus, in the most general case, it is a combination of at least a MA physical resource pool and a MA signature pool. Here, a MA physical resource corresponds to at least the resources used for transmission of the data packet and the associated DM-RS.
However, depending on the resource selection and assignment/pre-configuration options, only one of the MA physical resource pool and MA signature pool may be known to the UE. For instance, as discussed in the following section, it may be possible to pre-configure the UE with MA signature and it may only need to perform MA physical resource selection from a configured MA physical resource pool.
The resource pool can be configured to include multiple individual resources in both frequency and time, and can either occur periodically or even as a set of persistently occurring resources, with the exact configuration being up to the BS.
For the grant-free UL transmission mechanisms employing preamble or control channel, for the cases wherein these are transmitted as separate transmissions (as described in previous section), the corresponding resource pools for at least some of these component physical signals/channels may be configured separately.
Multiple MA resource pools or resource partitioning for UL grant-free transmissions
For grant-free UL transmissions, depending on applications or services, packet payload sizes from multiple UEs could be different or UEs could be in very different coverage conditions. In order to allow efficient usage of the resource for different payload sizes and reduce BS receiver complexity, e.g., without blind detection of potential MCS and TBS, or avoid drastic impact from near-far effects, 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 considering support for mMTC. 

It should be noted that NOMA resource pool partitioning may help reduce BS 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. 

Fig. 4 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 BS in a cell specific manner.  
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Fig. 4. NOMA resource pool partitioning
Proposal 2:

· 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, BS receiver complexity and system flexibility.
5 MA resource selection mechanisms
MA resource selection can be realized in various ways to grant-free UL transmissions, considering the determination of MA physical resources for data channel, MA physical resources for preamble and/or control (if preamble and/or control message are used), MA signature. Some of these could be selected randomly or pre-configured or determined based on resource selection/determination of some other components of MA resource. An example of the last case is when the resource used for preamble transmission is determined based on the resource selected for the data transmission or vice versa.
MA signature selection
The MA signature selection implies UE’s selection or determination of a particular MA signature from a pool of available signatures for a MA signature type (e.g., DM-RS sequence, preamble sequence, spreading code, interleaver-pattern, etc.). This can be a function of one or more of: the time/frequency physical resource index, UE identity (where the complete UE identity is conveyed as part of the encoded data packet), preamble or DM-RS sequence index (if only a part of the MA signature is conveyed by the preamble or DM-RS sequence), cell ID, etc. The function could be deterministic or pseudorandom.
In case of preamble based grant-free UL transmissions, the preamble transmission separate from the data packet transmission can support a hierarchical hand-shake based mechanism where the BS gets an opportunity to provide feedback in response to the preamble transmission. Such a mechanism can provide more robust BS reception and HARQ support as the BS would be made aware of the UE identity necessary for data packet demodulation before the data is actually transmitted. However, one challenge towards supporting a large number of simultaneous connections is that the sequence space for preambles need to be sufficiently large and at the same time not, cause significant system overhead or over-burden the BS receiver. Additionally, these preamble candidates should demonstrate good cross-correlation properties to minimize false alarm events.

Proposal 3:

· MA signature can be conveyed by one or a combination of different signals and transmission components/parameters that can help the BS to distinguish UEs. 

· MA signature can be defined as a deterministic or pseudorandom function of one or more of: time/frequency physical resource index, UE identity (where the complete UE identity is conveyed as part of the encoded data packet), preamble or DM-RS sequence index (if only a part of the MA signature is conveyed by the preamble or DM-RS sequence), cell ID, etc.
MA physical resource selection
Similar methods as described for MA signature selection can be applied for MA physical resource selection as well and different combinations between the two can be realized. For instance, the MA physical resources can be:

· randomly selected for data transmission, preamble, and control message transmission, if the latter are supported;

· randomly selected for one of data, preamble, and control transmission, and the others determined in a deterministic manner;

· randomly selected only for preamble and possibly also for control, with the rest determined based on BS response to the preamble/control transmission (this method would apply for multi-step grant-free transmission methods described earlier);

· the above could also be realized based on deterministic or pseudorandom mappings from the MA signature selection (if the MA signature selection is performed independently) instead of being selected randomly from the MA physical resource pool. Further, the option of deterministic mapping from the MA signature to the MA physical resource should only be applied if the MA signature determination is random or pseudorandom (i.e., not pre-configured or deterministic in order to avoid consistent collisions between UEs).

For the selection of the MA physical resource from the bigger resource pool, the selection can be performed not only from the set of available frequency domain resources but also over a certain time window ‘W’. The selection over a time window provides a natural “backing off” mechanism as against the method wherein the UE selects on the frequency resource once a packet is available at the transmit buffer. The time window size ‘W’ can either be configured by the BS as part of the resource pool configuration and indicated via cell-specific common control transmissions (e.g., System Information Block (SIB) signaling). Further, for retransmission attempts, the size of the window could be increased by factors of 2n for n = 0, 1, 2, … indicating the initial transmission, first retransmission, etc.

Proposal 4:

· MA physical resource selection can be either deterministic, random, or pseudorandom, with resource selection for different component physical signals and channels being either linked or independent.
· MA physical resource selection mechanisms should be investigated considering interference control and randomization needs depending on target scenarios. 

6 Discussion on UE identification
For UL transmissions based on grant-free NOMA schemes, the BS may not have a priori knowledge about the identity of the transmitting UE(s). Moreover, the BS 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 BS 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 BS. 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 BS 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 BS receiver with all necessary information to demodulate and decode the packet.
Proposal 5:
· Appropriate UE identification mechanisms for grant-free UL NOMA should be further studied. 

7 Conclusions

In this contribution, we presented our views on the overall procedure, possible components of grant-free UL transmissions, details of MA physical resources. We also shared our views on MA resource pool configuration options, MA resource selection, and UE identification mechanisms. 

Based on the discussion presented, we summarize the key points through the following observation and proposals:
Observation 1

· Different physical structures and related procedures for grant-free UL transmissions can be considered depending on the target scenarios, operation points, use cases, and target KPIs.

· Further studies are necessary in identifying the appropriate procedures suitable for different target scenarios in view of flexibility vs. overhead reduction and receiver complexity. 
Proposal 1:

· An individual MA physical resource, defined as a time-frequency block, can span multiple PRBs and/or multiple subframes. 
· The MA physical resources, MA physical resource pool, and MA physical resource selection or configuration can be defined in terms of “virtual” MA resources where the mapping from logical resources to physical resources is achieved by the time-frequency hopping patterns. 
Proposal 2:

· 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, BS receiver complexity and system flexibility.
Proposal 3:

· MA signature can be conveyed by one or a combination of different signals and transmission components/parameters that can help the BS to distinguish UEs. 

· MA signature can be defined as a deterministic or pseudorandom function of one or more of: time/frequency physical resource index, UE identity (where the complete UE identity is conveyed as part of the encoded data packet), preamble or DM-RS sequence index (if only a part of the MA signature is conveyed by the preamble or DM-RS sequence), cell ID, etc.
Proposal 4:

· MA physical resource selection can be either deterministic or pseudorandom, with resource selection for different components physical signals and channels being either linked or independent.

· MA physical resource selection mechanisms should be investigated considering interference control and randomization needs depending on target scenarios. 
Proposal 5:
· Appropriate UE identification mechanisms for grant-free UL NOMA should be further studied. 
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