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Introduction
In the #85 RAN1 meetings, it was agreed that
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied
	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
In the #86 RAN1 meeting, it is agreed that
· 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
· 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
In this contribution, UE detection and channel estimation for UE transmission without grant and grant-free transmission, HARQ procedures and asynchronous operations related to NOMA will be discussed. 
Motivation 
Procedures related to NOMA are necessary to facilitate both proper link-level simulations with realistic channel estimation as well as system level simulations. In R15 WI, transmission without grant is specified to fulfill the latency requirements of URLLC services, wherein resources including DMRS and other MA signatures are preconfigured in a SPS-manner. It has been agreed that grant-free transmission where UEs could perform random resource selection should be studied. This random selection will lead to potential collision of DMRS and other MA signature and incontrollable cross-correlation among the UE specific MA signatures, which could severely degrade system performance in particular for scenarios requiring high traffic loading. As NOMA is anticipated to be a generic technology accommodate diverse 5G scenarios, this motivates the discussion on the pros and cons of transmission without grant and grant-free transmission and their respective impacts on the procedure related issues.
Considerations on procedures related to NOMA
UE detection and channel estimation
For transmission without grant, each UE is pre-configured by the gNB statically or semi-statically orthogonal or low-correlated UE-specific physical resource per traffic loading. Orthogonal pre-configuration can naturally much simplify the receiver and ensure a more robust performance due to the interference-free links, nevertheless at the expense of lower spectral efficiency or connection density. On the other hand, low correlated pre-configuration enables the system to accommodate more connections than the orthogonal method, with the penalty of performance degradation per link or a more complex MUD receiver in gNB, due to the inter-user interference. Strictly speaking, this type of transmission could be named without dynamic grant, because it still needs static pre-configuration or static grant. It may work well for regular traffic such as periodic traffic without cell switching, where a traffic-matching regular resource pattern can be preconfigured to avoid the waste of physical resources.  However, it is much less efficient for irregular traffic such as event-driven non-periodic traffic or mobile traffic involving cell switching. This would incur serious waste of resource or very large latency since matching resource allocations for such irregular traffic is quite difficult if not impossible to pre-configure in advance, and the requires complicated reconfiguration once cell switching happens. Also, retransmission and the support of flexible packet size in pre-configured grant-free transmission are nontrivial. What's more, things would become worse for the transmission without grant if the UEs are not in RRC connected state.
On the other hand, in the autonomous/grant-free transmission, UE-specific pre-configuration is no longer necessary. Therefore neither dynamic grant nor static/semi-static grant for a particular device is required, so that true grant-free can be achieved. Each device can transmit data immediately in deep-sleep state by randomly selecting physical resources from a predefined resource pool, and turn to deep-sleep again once the transmission is finished. This can save battery consumption. Free from the constraints of pre-configuration, autonomous/grant-free transmission can extremely simplify the transmitter as well as the network compared to the transmission without grant at least in the following aspects, 
· avoiding the pre-configuration and re-configuration 
· simplifying the retransmission
· support of various packet size, etc. 
This simplification is particularly useful for the system designed to accommodate massive connections each with sporadic small data packet in the sense that the pre-configuration/re-configuration would be too inefficient for such system.[1] 
For both transmission without grant and grant-free transmission, UE (activity) detection and channel estimation are of vital importance for the multi-user detection (MUD) receiver.  Activity detection is blind to some extent, for the transmission without grant case, the number of hypotheses of MA signatures is reduced to the preconfigured pool while for the grant-free transmission, the hypothetical space is the selection pool. To perform effective UE detection and channel estimation, the five channel structures illustrated in Figure 1 could be employed. In (a), (b) or (e), the preambles are used for UE detection as well as channel estimation. The difference is that in (b) or (e), channel estimation accuracy is further enhanced by DMRS compared with the structure in (a). In (c), DMRS are used for UE detection and channel estimation. These structures could function well with low multi-user detection complexity assuming the UEs could be configured orthogonal preamble/DMRS at the cost of reduced connection density and probably expensive configuration maintenance or reconfiguration cost. Connection density could be increased if more physical resources could be allocated for orthogonal preamble/DMRS. In this manner, the overhead is increased and the spectral efficiency per data RE (excluding DMRS) is therefore increased thanks to the improved channel estimation accuracy while the spectral efficiency per RE (including DMRS) is reduced. 
On the other hand, if the DMRS/preamble overhead is fixed, as the connection density increases, to avoid preamble/DMRS collision induced performance degradation, the preamble/DMRS pool may be extended to be consisting of low-correlated instead of orthogonal components only. Increasing the pool size could reduce the collision probability [2], yet as the pool size increases, the average cross-correlations among the sequences increases as well. Although the collision is reduced, the UE detection and channel estimation performance for the UEs selecting different preamble/DMRS is impacted as a result of increased cross-correlations among the preamble/DMRS especially considering the Tx/Rx impairments. There is a trade-off regarding the preamble/DMRS average cross correlations vs collision. As the cross-correlations are mainly impacted by the preamble/DMRS design and the collision probability is determined by the pool size. This trade-off mainly depends on the detailed preamble/DMRS design and appropriate pool size configuration. The structure (d) avoid the above trade-off, as inherent characteristics of the transmit data are fully exploited to perform reliable UE detection and channel estimation thanks to the abundant transmit data. In addition, the channel estimation accuracy could be further improved employing the successfully decoded data [3] 
Regarding the preamble/DMRS design details, ZC sequence could be the starting point for preamble design due to its wide usage in PRACH, SRS and DMRS for MU-MIMO [3]. In interference dominant environment, parameters such as bandwidth, subcarrier spacing, length of ZC sequence, CS interval and root allocation could be considered jointly to ensure its robustness to the interference in particular in high overloading system. Likewise, PN sequences could be the starting point of DMRS design as it has been employed in the NR DMRS. 
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Proposal 1: Preamble/DMRS design vs pool size trade-off should be studied to accommodate diverse traffic requirements as NOMA is supposed to a generic technology for major 5G scenarios. Pros. and cons. of data-only structure and other schemes addressing the cross correlation vs collision trade-off should be investigated.

Apart from the preamble/DMRS, other MA signatures should also address the cross-correlation vs collision trade-off. For channel structure (a), (b), (c) and (e), UE identification could be performed by preamble/DMRS. For channel structure (d), UE identification is performed by MA signature. For simplicity of expression, taking spreading sequence as an example for MA signature other than preamble/DMRS, the average cross-correlations for short spread sequences may be higher than longer ones.  As a result, the reconstruction utilizing the de-spread or de-correlated sequence could be flawed and thus the interference cancellation and the decoding of the other UEs would be biased. A feasible solution would be to add such MA signature information, e.g., spreading sequence index in transmitted bits such as CRC code bits via certain mapping rule. Thus the successfully decoded UE could determine the actual MA signature based on the decoded data and the mapping rule to perform accurate reconstruction and interference cancellation.
Observation 1: UE-specific MA signature could be added in the transmit data to ensure accurate reconstruction and interference cancellation.
HARQ Related Procedures
For (a), (b) or (e), the combing could be performed for the retransmission(s) and initial transmission of  a certain UE relying on the UE ID determined by preamble. To be specific, when a certain preamble is detected, the UE ID could therefore be obtained by the predefined mapping rule. For (c), as the RS is used for UE detection, the RS design and pool size should therefore be carefully studied likewise. For the structure (d), the UE ID should be added in the transmit data in a manner that it could be reliably determined from the decoded data appropriate for combining.
Proposal 2: Preamble/DMRS design and pool size trade-off has an impact on the HARQ combining and should be studied with priority. HARQ combining for data-only structure should be studied.

Considerations on asynchronous operations
It has been agreed that the case where timing offsets among UEs is beyond normal CP should be studied. This problem could be solved by extending the normal CP to a longer CP to accommodate the excessive timing offsets among UEs. More specifically, the subcarrier spacing could be adjusted in a manner so that the extended CP is long enough to cover the asynchronous UEs. In the meantime, this poses another challenge regarding the sensitivity to frequency offsets.
In addition to the extended CP approach, the asynchronous issues among multiple UEs could be resolved by allowing multiple blind correlation operations in the form of sliding windows. The overall detection complexity is related to number of sliding windows needed.
Proposal 3: To address the asynchronous issue, CP of extended length or blind correlation operations applying sliding windows could be considered 
Conclusions
In this contribution, procedures related to NOMA are discussed. We make the following proposals and observation:
Proposal 1:  Preamble/DMRS design and the pool size trade-off should be studied to accommodate diverse traffic requirements as NOMA is supposed tobe a generic technology for major 5G scenarios.
Proposal 2:  Preamble/DMRS design and pool size trade-off has an impact on the HARQ combining and should be studied with priority. HARQ combining for data-only structure should be studied.
Proposal 3: CP of extended length could be considered to address the asynchronous issue.

Observation 1:  UE-specific MA signature could be added in the transmit data to ensure accurate reconstruction and interference cancellation.
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