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Introduction 
In the RAN1#86, the following evaluation assumptions for non-orthogonal multiple access were agreed [1]:
· 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 discuss DMRS and channel estimation aspects that apply to multi-user detection for shared grant-free access.
Background
Grant-free multiple access is considered as a candidate solution for use-cases with low-latency for some use cases. The use cases that it is targeting has been shifted during the discussion some what but the basis have been in mMTC. 
[bookmark: _GoBack]One of the aspects that may emerge is that of shared access with overlapping transmissions; this occurs when multiple UEs are assigned onto the same group of grant-free slots and send their packets simultaneously. In a collision scenario only the strongest UE signal may get a chance to be correctly decoded, in the case of favorable channel conditions (near-far effect). A way to avoid discarding the packets after a collision is to implement a multi-user detector (MUD) that jointly decodes all overlapping signals. Any MUD implementation has an inherent performance-complexity trade-off but, in general, it can improve the low-latency performance compared to the case where the interfering UEs are naively treated as colliding. However, when it comes to MUD, the performance critically depends on the quality of the channel estimation [2], since the accumulated effect of imperfect estimates will impact the residual interference and therefore the decoding performance.
Observation 1: The MUD performance critically depends on the quality of the channel estimates. 
Shared grant-free access
In the case of grant-free shared access, performance can be improved by precoding the UE symbols using appropriately designed spreading vectors in order to facilitate the implementation of decoding solutions that exploit signal reception with many degrees-of-freedom, i.e., a signal that is received over multiple time-frequency resource elements. The choice and design principles of the spreading vectors are driven by two different goals:
i. To facilitate the implementation of near-optimal MUD that are computationally affordable, such as belief-propagation whose complexity can be significantly lower than that of the optimal MAP detector. Some NOMA schemes that fall in this class are, but not limited to,  PDMA [3], SCMA [4], IGMA [5], etc.
ii. To have good distance (low correlation) properties between the spreading vectors in order to enhance the performance of linear detectors such as MMSE. Some NOMA schemes that fall in this class are, but not limited to, NCMA [6], NOCA [8], etc.
DMRS design 
In a realistic grant-free scenario with shared access, the DMRS of the UEs, which are sharing the grant-free resources, may overlap. Herein, it is important to minimize the interference between the UEs’ DMRS, which can severely degrade the quality of the channel estimates and subsequently the system performance [7]. Two main approaches are adopted to tackle this problem:
i. To have overlapping DMRS using code division multiplexing (CDM), see Figure 1 (left),.
ii. To multiplex DMRS in a comb-like structure [5], as illustrated in Figure 1 (right).
The first solution is intuitively more suitable for channels with low delay-spread, where the channel is relatively flat within a PRB. In this case, it is possible to exploit the orthogonality among the patterns to cancel out the DMRS interference, among overlapping UEs, and exploit all available elements to enhance the estimation accuracy by averaging out the estimation noise. However, for dispersive channels the orthogonality is partially lost due to the channel frequency variation and the number of orthogonal DMRS patterns that can be supported is limited by the delay spread. Moreover, the CDM approach is sensitive to power control, hence it could turn out to be ineffective in open-loop power control scenarios where one DMRS is received with much more power than another one. 
Observation 2: The DMRS pattern for grant-free shared access should be designed to miniminize the interference between the overlapping UEs’ DMRS. 
One way to achieve this is to employ a comb-like structure where the DMRS patterns are multiplexed in a non-overlapping fashion, as illustrated in Figure 1 (right). In this case, DMRS interference is no longer a problem but on the other hand only part of the available resources is utilized and the remaining channel positions are estimated using interpolation and/or extrapolation. A combination of (i.) and (ii.) could help achieve a good balance between interference minimization and resource utilization. However, interference between overlapping DMRS is more important to address, hence comb-like patterns may be more suitable as a starting point for DMRS design in grant-free access.
Proposal 1: The DMRS pattern design for shared grant-free access should be further studied.
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[bookmark: _Ref465345891]Figure 1: DMRS multiplexing of three UEs (green, pink, orange). Multiplexing can be realized with overlapping orthogonal codes (left), comb-like structure (right) or a combination thereof (not depicted in this figure, but easily follows as a hybrid design).
Channel estimation evaluation
Several LLS results, carried out for the abovementioned NOMA schemes with ideal estimation, indicate that the performance is superior to that of dedicated orthogonal single UE transmission, in terms of spectral efficiency or number of supported UEs for a given BLER threshold. However, in comparison to the dedicated orthogonal UE transmission, the assumption of having ideal channel information available at the receiver, yields overly optimistic results. The reason is that, as mentioned before, when multiple UEs are jointly decoded the residual interference due to imperfect estimation can impair the decoding performance more than for orthogonal access. 
The performance comparison between OMA and various NOMA schemes, under realistic channel estimation, exhibits different trends. In [5] it is seen that NOMA and OMA have the same BLER performance under realistic conditions, whereas in [6] it is shown that, in some scenarios, OMA exhibits better performance and outperforms NOMA. Moreover, it is demonstrated in [7] that quasi-orthogonal DMRS yields poor performance. In other cases though, the NOMA remains universally superior even with realistic imperfect CSI [4]. One reason that performance comparison does not produce consistent results can be that the channel estimation framework, which is critical to MUD performance as argued above, can vary among the setups. Hence, it is important, for reproducible comparison purposes, to establish a few components, e.g., a set of DMRS patterns that will be agreed and explicity reported along with the simulation results.
Observation 3: The performance comparison of NOMA schemes with OMA is not carried out under a unified channel estimation framework.
Proposal 2: For reproducible comparison between grant-free NOMA and OMA LLS, a set of DMRS patterns should be agreed and reported.
Proposals
Observation 1: The MUD performance critically depends on the quality of the channel estimates. 
Observation 2: The DMRS pattern for grant-free shared access should be designed to miniminize the interference between the overlapping UEs’ DMRS. 
Observation 3: The performance comparison of NOMA schemes with OMA is not carried out under a unified channel estimation framework.
Proposal 1: The DMRS pattern design for shared grant-free access should be further studied.
Proposal 2: For reproducible comparison between grant-free NOMA and OMA LLS, a set of DMRS patterns should be agreed and reported.
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