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Introduction
In the previous RAN1 meetings [1], it was agreed on multiple access that
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· 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
· For UL grant-free, 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
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the grant-free non-orthogonal multiple access (NOMA) schemes, blind multi-user detection (MUD) is necessary when the above-mentioned Opt.1 is adopted. Although the blind MUD including user identification, blind channel estimation and data decoding can make full use of the available time/frequency resources, the complexity is significant since all possible transmission hypotheses should be tested. Two ways can reduce the complexity: advanced digital signal processing and well-designed reference signal imbedding in the packet. In light of this, a preamble can be used as a reference signal to alleviate the burden of blind MUD while at the cost of additional overhead. In this contribution, we discuss the basic idea of preamble design for grant-free NOMA and provide some considerations on the potential issues to be further studied.
Basic idea of preamble design for grant-free transmission
Preamble has been used in LTE for contention-based random access [2], as shown in Figure 1 (a). For the traditional high-data rate wideband transmission, the grant-based access procedure is the prerequisite to ensure that the transmission resources of different users are orthogonally allocated. The signalling overhead is acceptable comparing to the amount of useful data. However, for the NOMA use cases such as mMTC, massive connection and sporadic uplink biased communication with small packets per transmission require grant-free transmission [3]. The access procedure should be simple enough and the signalling overhead should be reduced as much as possible (RACH-less), as depicted in Figure 1 (b). 
                                      
(a) Grant-based                                                                     (b) Grant-free
[bookmark: _Ref462923126]Figure 1 Access procedure for (a) grant-based and (b) grant-free transmissions.
For the grant-free NOMA transmission, a UE can autonomously choose one MA signature or time instant from a specific set of resources. On the receiver side, eNB usually has no prior information on the number of non-orthogonal users whose data are superposed on a specific time/frequency resource. The UL NOMA transmission including both preamble and data is illustrated in Figure 2. The possible/potential functionalities of preamble in grant-free NOMA could be active user identification, MCS indication, timing offset (TO)/frequency offset(FO) estimation, rough channel estimation or contention resolution. Based on the preamble transmission, the complexity of decoding could be reduced since the blind detection of MCS, TO/FO can be avoided.
Proposal 1: Preamble sequence could be considered for active user identification, MCS indication and TO/FO estimation for grant-free UL transmission.
Proposal 2: RACH-less or RACH-free should be considered on the design of preamble sequence for UL mMTC.


[bookmark: _Ref462927808]Figure 2 UL NOMA transmission including both preamble and data symbols.

Active user identification is the basic function of preamble. Each user can select one preamble sequence from a pre-defined pool of sequences with good cross-correlation property. The receiver performs blind detection to identify which preamble sequences are transmitted on the specific time/frequency resource. 


The collision probability, which is the probability that multiple users select the same preamble sequence, determines the supported number of non-orthogonal users. For example, assuming that the pool size is N and M UEs each randomly chooses a preamble sequence from the pool, the collision probability can be calculated as where. The size of the sequence pool N should be large enough to support the target connection density and the packet arrival rate in mMTC scenarios [4]. However, note that the size of the pool is also normally relative to the length of the preamble sequence which should not be too long in order to keep the overhead acceptable. Besides, the complexity of blind multi-user detection increases significantly as the pool size grows. 
Proposal 3: The pool size of the preamble sequences should be reasonably defined to support enough number of non-orthogonal users and keep the overhead and complexity acceptable.
Further considerations on the preamble design for grant-free NOMA
3.1 Mapping between preamble and other MA signatures
For mMTC scenarios, although the receiver can acquire which preamble sequences are existed on the specific time/frequency resource through blind detection, it is not practical to carry the UE ID during the preamble transmission due to the potentially huge number of connections per cell. Therefore, the receiver does not know the UE ID unless the user’s data is successfully decoded.
In grant-free transmission, a UE usually has multiple MA signatures, e.g. spreading sequence/code/interleaver pattern, preamble, DM-RS. In order to make full use of preamble detection and alleviate the burden of blind detection at the receiver, the selected preamble sequence could be regarded as the temporary ID of a user, and therefore the mapping between preamble sequences and other MA signatures should be well designed.
The mapping between the preamble sequence and the spreading sequence/code/interleaver pattern can be simply designed as one-to-one matching, once the two pools are equally sized. Mapping between multiple preamble sequences to one spreading sequence/code/interleaver pattern is also applicable when the pool size of the sequence/code/interleaver is limited, since the collision of later can be possibly resolved by the user separation of other domains, such as power or spatial domain, based on advanced receivers [5].
However, the mapping between preamble sequence and DM-RS pattern is not that obvious and should be further studied. Although the preamble transmission can provide rough channel estimation, this estimated valued may not be applicable to the equalization of the following data symbols, especially when the data expands on multiple frames/sub-carriers for most of the NOMA schemes based on spreading/repetition. Dedicated orthogonal DM-RS may still be needed for the reliable decoding and the interference cancellation. In NOMA cases, although multiple users can share the same resource block for data transmission, the supported number of non-orthogonal users is usually limited due to the lack of dedicated DM-RS resource per user. In order to alleviate the collision of DM-RS, one may try to spend more resources on DM-RS, which however further increases the overhead. For the NOMA schemes based on MMSE-SIC receiver, there is another possible way to guarantee the decoding performance with limited dedicated DM-RS resources, that is, first trying to decode the data for some of the users (i.e. suffer low interference) based on the rough channel estimation, and then enhancing the channel estimation by using the decoded data as pilot [5]. Based on the accurate channel estimation, the error propagation is reduced since the cancellation of interference is more accurate.
Proposal 4: Mapping between preamble sequences and other MA signatures should be further studied.

3.2 Handling of collision of preamble sequences
To make the preamble work for grant-free NOMA, the most significant problem is that multiple users occasionally selected the same preamble sequence, as called preamble collision. In this case, the conflicting users are not distinguishable at the receiver side and only the existence of preamble sequence can be detected. The estimated TO/FO and channel response will be the combination of the multiple users. Furthermore, the collision of preamble sequences may probably implies that the other MA signatures also collide - due to the above-mentioned mapping mechanism between preamble sequences and other MA signatures. 
For the decoding of multiple conflicting users, there are two cases:
1) If the SNRs of multiple users are similar, it is very likely that none of the users can be correctly decoded due to the strong cross-interference. In this case, all the users need retransmissions.
2) If one of the users has the dominant SNR, it is possible that only this user’s signal can be successfully decoded if the summation of the interference from the other users is negligible. In this case, only this UE’s ID will be contained in the ACK, and the other users need retransmissions.
A preamble ACK could be further proposed to avoid unnecessary data transmissions if the detection of preamble is missed [6]. In this case, the preamble transmission and data transmission are separated, and there should be additional signaling interaction between the UE and eNB. If a UE does not receive a preamble ACK, it will not send the data transmission but to retransmit the preamble, perhaps with some back-off and re-selection of used preamble sequence. This mechanism is indeed beneficial for the missed detection cases. However, the drawback is also obvious, first it costs additional overhead; second it is not able to solve the problem of preamble collision as mentioned above, i.e., if the preamble sequence is detected, all the conflicting users will receive an ACK since their temporary IDs are the same, and then they will transmit the data along with the same MA signatures, where the collision still exists. 
The preamble could also possibly be used for Hybrid Automatic Repeat request (HARQ). If a user’s preamble is detected but the data is not correctly decoded, the user can use the same preamble for retransmission. The receiver would combine the data by identifying the same preamble and the corresponding MA signatures and therefore achieve the diversity gain. However, based on the same logic as the discussion on preamble ACK, the preamble-based HARQ only works well when there is no preamble collision.
Based on the above considerations, we think the design of preamble should be further studied by taking into account the preamble collision and the trade-offs among performance, overhead and complexity.
Proposal 5: Handling of preamble collision should be considered for the evaluation of preamble-based grant-free schemes.
Conclusions
In this contribution, we generally analyze the possibility of use of preamble in grant-free transmission for UL mMTC. We make the following proposals regarding the preamble design of grant-free NOMA:
Proposal 1: Preamble sequence could be considered for active user identification, MCS indication and TO/FO estimation for grant-free UL transmission.
Proposal 2: RACH-less or RACH-free should be considered on the design of preamble sequence for UL mMTC.
Proposal 3: The pool size of the preamble sequences should be reasonably defined to support enough number of non-orthogonal users and keep the overhead and complexity acceptable.
Proposal 4: Mapping between preamble sequences and other MA signatures should be further studied.
Proposal 5: Handling of preamble collision should be considered for the evaluation of preamble-based grant-free schemes.
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