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Introduction
In RAN1 #85 meeting, 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  RAN1#86 meeting, it was 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 RAN1#92 meeting, it was agreed in the link-level simulation assumptions that

	MA signature allocation (for data and DMRS)
	
Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)



In RAN1 #92bis meeting, it was agreed that
· Further clarify the LLS parameters:
· For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.
· For a=[3], companies are encouraged to check RAN4 power control requirements à aim to conclude in RAN1#93
· FFS timing offset for grant-free without perfect TA, 
· FFS frequency offset 
In this contribution, UL data transmission from different RRC states, in particular RRC_INACTIVE state and relevant transmission procedures will be discussed in complementary to our previous contribution [1]. It will be seen that for eMBB small data and mMTC scenarios, UL data transmission from inactive state can follow much simplified procedures e.g. 2-step RACH or RACH-free based transmission(i.e. transmission without RACH procedure), which not only brings about reduced signaling overhead/power consumption/latency but also cuts down the UE cost. The following sections synopsize feasible transmission procedures, in the context of NOMA, UE would perform to commit 2-step RACH/RACH-free based UL data transmission or configured grant UL data transmission in a comparative manner together with some RAN2 progress in this regard.  
Motivation of studying UL transmission from UE RRC_INACTIVE state
Transmission from RRC_INACTIVE state could serve the purpose of further signaling/latency/power consumption reduction compared to that from the RRC_CONNECTED state thanks to the much simplified procedure, as elaborated in the justification part in the SID [2]. 
The benefits of non-orthogonal multiple access, particularly when enabling grant-free transmission, may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC etc. In RRC_CONNECTED state, it saves the scheduling request procedure assuming UE is already uplink synchronized. In RRC_INACTIVE state, data can be transmitted even without RACH procedure or with 2-step RACH. The saving of the signaling naturally also saves UE’s power consumption, reduces latency and increases system capacity. 
Echoing this narrative, the behavior of candidate NOMA schemes in both UE states are worth investigating given the fact that UL data transmission from the inactive state would potentially bring some additional signaling/delay/power consumption reduction and system capacity improvement compared to UL data transmission from RRC_CONNECTED state eliminating schedule request procedure or conventional grant-based transmission. 
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Fig. 1 RACH-free transmission based on option A UL data transmission in inactive state
Fig.1 shows option A UL data transmission from inactive state which operates in a RACH-free fashion. The quantitative analysis in [3] shows that in the context of light traffic 70% power consumption and overhead reduction compared to conventional grant-based transmission in UE RRC_CONNECTED state could be achieved.  Without RAR, the UE transmission is performed in a TA-free manner, wherein the timing offset is uniformly distributed within the [0, Tp], where Tp is the maximum round trip propagation delay. Without UL grant, UE randomly selects the MA signature/DMRS as well as the physical resources in reserved bandwidth and in this process locks to downlink synchronization channel. In addition, this mechanism also facilitates the support of flexible packet size in the context of introducing packet segmentation and traffic from mobile devices, on which detailed discussion will be carried out in the following section.
Although UL data transmission from inactive state has not been fully specified yet it has been extensively discussed and studied in RAN2 for the reason that data transmission in RRC_INACTIVE is part of WI description, and part of the consensus has been summarized and captured in the TR 38.804  as follows, 
· Small UL data transmission in RRC_INACTIVE refers to a feature where a UE in RRC_INACTIVE can transmit small UL data without necessarily performing a full state transition to RRC_CONNECTED.
· For some of the remaining aspects, two solutions (A and B) are considered. 
· If feature is to be supported it should be a down-selection among solutions A or B.
Option A and B transmission mechanisms have also been agreed, part of which are extracted as follows [4],
Agreement
1	The solution for UL small data transmission in RRC_INACTIVE should be service-agnostic, catering different service requirements (more focus should be given to eMBB and URLLC)
· Agreements related to option A 
Agree to the message contents as follows:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID (used for identifying the target UE for the response)
· Agreements related to option B 
Transition from RRC_INACTIVE to RRC_CONNECTED based on 3-step RRC procedure should be baseline and 2-step RRC procedure (resume request, resume) should be further studied. FFS whether 3 step or 2 step would eventually be specified if option B is selected. FFS study the impact of removing the “complete” message (e.g. in terms of security)
In addition, there have been some work items proposed in #78 and #79 RAN plenary to further specify the enhancement of UL data transmission from inactive states [5-6].
As a matter of fact, option A or B UL data transmission has similar impacts in terms of the simulation settings, the concrete procedures and their differences will be further elaborated in the following section. In our view, for simulation purpose either option A or B UL data transmission could be the starting point. The Rel-15 state will provide the baseline RRC_INACTIVE state functionality and the  RRC_INACTIVE is anticipated to play a key role in achieving low power consumption for stand-by applications and devices. As a reasonable evolvement UL data transmission from RRC_INACTIVE state is highly likely to be supported in future. 
Apart from the SID justification and RAN2 consensus, a third motivation is that NOMA technology capable of supporting or targeting to support UL data transmission from inactive state also provides a distinctive feature compared to the current specification. In this sense, The RRC state and corresponding transmission mechanism a candidate NOMA technology could or target to support may be the differentiator of the proposed schemes and therefore serves as a reference dimension for further scheme harmonization.
To facilitate discussion, the following paragraphs visualize and clarifies the concrete procedures to be enforced when the UE is committing RACH-free or 2-step RACH based transmission, i.e. Option A and Option B UL data transmission from UE_ INACTIVE state. 

Proposal 1: NOMA SI should study UL data transmission from UE_INACTIVE state and discuss feasible UL data transmission procedures from RAN1 perspective. Companies should be encouraged to provide simulation results to justify the gains of its proponent NOMA scheme performing UL data transmission from UE_INACTIVE state.
Feasible UL Data Transmission Procedures from UE RRC_INACTIVE state 
In the context of NOMA, feasible UL data transmission procedures from RRC_INACTIVE state are further illustrated in Fig.1-Fig.5.
Fig.1 illustrates the RACH-free UL data transmission mechanism. It could be seen from the contribution [3] with the simulation assumption in the annex D, the overall latency/delay/power consumption is optimized compared to the grant-based solution, i.e. solution C both on a per transmission basis in Table D-1 and statistical basis Table 2-3. In addition, given a pre-defined segmentation rule, candidate NOMA technologies could support flexible packet sizes following this procedure. Moreover, when mobile UE is out of synchronization, UL data transmission could resume following this concise procedure without the necessity of re-performing the first 2 steps of the RACH procedure. In the simulation setting for option A, more power is assigned to the first transmission as the reliability is called for with data and UE ID (e.g. hardware or higher-layer authentication information) included in this transmission. Data channel (a)/(b)/(c)/(d) in Fig.5 could be transmitted following this procedure. MA signature (DMRS included) is randomly selected and transmission takes place in a TA-free manner.
Observation 1: Option A UL data transmission from inactive state (i.e. RACH-free transmission) is a much simplified transmission mechanism and joint benefits should be investigated with its adoption in NOMA evaluation, wherein MA signature is randomly selected and transmission operates asynchronously, motivating the design of an effective NOMA MUD (Multi-user Detection). 
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[bookmark: _Ref513647910]Fig. 2 2-step RACH transmission based on Option B UL data transmission in inactive state

Fig.2 illustrates the 2-step RACH UL data transmission mechanism where UL data is transmitted in place of msg3 with the reception of RAR. TA information is included in RAR complying with conventional RACH procedure. It could be seen from the contribution [3] with the simulation assumption in the annex D, the overall latency/delay/power consumption is better compared to the grant-based solution, i.e. solution C. There could be a mapping rule between the preamble and UE ID/MA signature to facilitate MUD in the BS for the overloaded UEs yet preamble/MA signature(DMRS included) collision could degrade the performance could degrade the performance as a result of miss-detection and deviated channel estimation. Data channel (e) Fig.5 could be transmitted following this procedure.  MA signature for data and DMRS is still randomly selected and synchronization is assumed accomplished. 
Observation 2: Option B UL data transmission from inactive state (i.e. 2-step RACH transmission) is a simplified transmission mechanism and joint benefits should be investigated with its adoption in NOMA evaluation, wherein MA signature is randomly selected and transmission operates synchronously, motivating the design of an effective NOMA MUD and preamble overhead management.
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Fig. 3 Type I Configured Grant-Transmission 
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[bookmark: _Ref513659600]Fig. 4 Type II Configured Grant Transmission 
Fig.3 illustrates a feasible UL data transmission mechanism from UE inactive/idle state committing type I configured grant transmission. Fig.4 illustrates a feasible UL data transmission from inactive/idle state committing type II configured grant transmission. Compared to conventional grant-based transmission, from UE perspective, SR overhead is reduced while from BS side dynamic UL grant is replaced by either configuration or semi-static activation/deactivation. The procedure simplification contributes to a saving of power consumption/latency/signaling overhead etc.  After the configuration is accomplished, UL transmission is enforced complying with configured resources or with additional activation/de-activation. If the UE is out of synchronization, legacy procedure requires RRC re-establishment/resume for TA. The retransmission may also call for additional reconfiguration/deactivation-reactivation procedure design and is non-trivial as the overloaded UE number increases. Therefore the mechanism is not suitable to mMTC scenario considering the massive connectivity and sporadic traffic characteristic. For eMBB small data, if the traffic is aperiodic or even event-driven, this mechanism would lead to waste of resources or re-configuration efforts, the latency/power consumption/overhead gain compared to the grant-based transmission may be marginal therefore could hardly convey an efficient small data transmission. 
Observation 3: Configured grant transmission is not suited to eMBB small data or mMTC scenario due to its limitation in conveying an efficient small data transmission, in particular sporadically. Rather, option A/B UL data transmission from inactive state suits better with some decent and undeniable gains and should be seriously studied in the evaluation of NOMA.
Concrete Procedure Aspects' Impact on NOMA design
In the SID [2], the objectives of the procedures related to NOMA explicitly include the following,

· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access

Considerations with respect to these bullets are different for option A/B UL data transmission from UE inactive state or configured grant UL data transmission and calls for delicate transceiver design, which shall be elaborated in the following subsections.
MA signature and DMRS allocation/selection
It has been agreed in RAN-1 #92 meeting that DMRS and MA signature allocation/selection are considered together and therefore is either random or fixed as a whole. For data-only channel structure, there is no DMRS overhead. Thus only the MA signature is randomly selected. As has been clarified in the procedure discussions above, at the beginning of UE inactive state, for both option A/B transmission, the RRC connection has not been resumed, the UE has to perform random selection of MA signature and DMRS allocation/selection. This naturally causes a DMRS and MA signature collision issue that could be partially addressed by introducing more overhead for DMRS/preamble and/or an advanced MUD receiver. It should be noted that the additional overhead could degrade the system capacity of NOMA and potentially brings burden on procedure design when the overhead is supposed to be dynamically adapted to the UE overloading situation. The additional overhead may alleviate the collision problem by enlarging the pool size for DMRS/ MA signature, which is straightforward yet inefficient. This motivates the data-only structure whose transceiver architecture could be employed by all the schemes within the linear spread family and could support multi-layer transmission also. For configured grant transmission which implies fixed MA signature allocation/selection, there could also be DMRS or MA signature collision when the number of overloaded UEs exceeds the minimum of the MA signature pool size and DMRS ports. Some of the ideas in the data-only receiver side such as the channel estimation refinement employing the successfully decoded data [7] could be employed to enhance the performance of all the candidate NOMA schemes. 
Observation 4: For both fixed/random MA signature and DMRS allocation/selection, collision could happen. Collision alleviation by means of enlarging the pool size is not as efficient as collision handling through delicate transceiver architecture design.
UE detection and channel estimation 
For both configured grant transmission and RACH-free/2-step RACH 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 configured grant transmission case, the number of hypotheses of MA signatures is reduced to the pre-configured pool while for the RACH-free/2-step RACH transmission, the hypothetical space is the selection pool. To perform effective UE detection and channel estimation, the five channel structures illustrated in Fig.5 could be employed. 
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Fig.5 Different Channel Structures for Grant-free NOMA
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. For detection purpose, there could exist a pre-defined mapping rule between MA signature/DMRS/preamble and UE ID.  Depending on the connection density within the cell, the mapping could be either bi-jective(i.e. one-to-one) or sur-jective(one-to-many). Bi-jective mapping requires resources for overhead matching the number of overloaded UEs whose increase will degrade the system capacity and thus only suits to cell with limited connection density.  While in both configured-grant transmission targeting decent overloading and 2-step RACH/RACH-free transmission, sur-jective mapping poses serious challenge to not only UE detection but also channel estimation and requires delicate MUD design in the receiver to address potential MA signature/DMRS/preamble collision induced performance degradation. Miss-detection evaluation for  2-step RACH/RACH-free transmission are illustrated in Fig.6 adopting simulation parameters in Table A.1, where total BLER is the sum of real BLER and md-rate. This figure reflects the impact of miss-detection on BLER. Employing the inherent characteristics of data to perform reliable UE detection and channel estimation in the presence of preamble/DMRS collision, the structure (d) outperforms the sur-jective and exhibits excellent performance as illustrated in our companion contribution [8]. This structure brings about also the merit of no DMRS/preamble overhead.
 Observation 5: Overhead management for bi-jective mapping and MUD design for sur-jective mapping should be considered. Data-only structure is worth considering to address collision.  Miss-detection and false alarm issues should be addressed in the UE detection design.
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Fig. 6 Mis-detection and its impact on BLER performance in 2-step RACH/RACH-free transmission

Regarding the preamble 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 [9]. 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. 
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, take 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 include 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 6:  The information of UE-specific MA signature can be included in the transmit data to ensure accurate reconstruction and interference cancellation.
Considerations on timing offset and frequency offset
For timing offset within normal CP, preamble in data structure (a)/(b)/(c)/(e) could better serve the purpose of To estimation and enhanced by SIC operation on preamble, wherein channel estimation accuracy is improved by successfully decoded data in the interference cancellation process. For frequency offset estimation, preamble SIC could also enhance the performance. Simulation results with and without SIC is attached in Fig.2 and Fig.3 respectively adopting common simulation parameters in Table A.2. It's worth noting that channel structure (d) is also robust to timing offset and frequency offset.
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[bookmark: _Ref465933056]Fig.7 Performance of TO estimation by preamble sequence.
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Fig.8. Performance of FO estimation by preamble sequence.
For timing offset beyond normal CP, an extension of the normal CP to a longer CP could be adopted to accommodate the excessive timing offsets among UEs. Considering the current link level simulation settings, the maximum timing offset without TA is around 6.7 us. 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.
Observation 7: Timing offset within CP and frequency offset could be resolved by preamble/data/both, while timing offset beyond CP could be addressed by extended CP or sliding correlation.

HARQ Related Procedures
For (a), (b) or (e) in Fig.5, 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) in Fig.5, 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.
Observation 8:  UE ID determination is vital for HARQ related procedures.
It's worth noting that although this contribution focuses on the UL data transmission from inactive state in consistency with RAN2 progress, yet from RAN1 perspective, there is no significant difference in terms of the transmission procedure at least in terms of the objectives of the SID and therefore the considerations elaborated above could also be extended to idle state. Moreover, for simulation purpose, assuming the UL data transmission from idle/inactive state is equivalent as the above four aspects would hardly be different.  
Conclusions
In this contribution, procedures related to NOMA are discussed. We make the following proposals and observations:
Proposal 1: NOMA SI should study UL data transmission from UE_INACTIVE state and discuss feasible UL data transmission procedures from RAN1 perspective. Companies should be encouraged to provide simulation results to justify the gains of its proponent NOMA scheme performing UL data transmission from UE_INACTIVE state.
Observation 1: Option A UL data transmission from inactive state (i.e. RACH-free transmission) is a much simplified transmission mechanism and joint benefits should be investigated with its adoption in NOMA evaluation, wherein MA signature is randomly selected and transmission operates asynchronously, motivating the design of an effective NOMA MUD (Multi-user Detection). 
Observation 2: Option B UL data transmission from inactive state (i.e. 2-step RACH transmission) is a simplified transmission mechanism and joint benefits should be investigated with its adoption in NOMA evaluation, wherein MA signature is randomly selected and transmission operates synchronously, motivating the design of an effective NOMA MUD and preamble overhead management.
Observation 3: Configured grant transmission is not suited to eMBB small data or mMTC scenario due to its limitation in conveying an efficient small data transmission, in particular sporadically. Rather, option A/B UL data transmission from inactive state suits better with some decent and undeniable gains and should be seriously studied in the evaluation of NOMA.
Observation 4: For both fixed/random MA signature and DMRS allocation/selection, collision could happen. Collision alleviation by means of enlarging the pool size is not as efficient as collision handling through delicate transceiver architecture design.
Observation 5: Overhead management for bijective mapping and MUD design for sur-jective mapping should be considered. Data-only structure is worth considering in 2-step RACH/RACH-free transmission.  Mis-detection and false alarm issues should be addressed in the UE detection design.
Observation 6:  The information of UE-specific MA signature can be included d in the transmit data to ensure accurate reconstruction and interference cancellation.
Observation 7: Timing offset within CP and frequency offset could be resolved by preamble/data/both, while timing offset beyond CP could be addressed by extended CP or sliding correlation.
Observation 8:  UE ID determination is vital for HARQ related procedures.
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Appendix
Table.A1 Simulation Parameters for Miss-detection Evaluation
	Number of Transmit Antenna
	1

	Number of Receive Antenna
	2

	Bandwidth
	4RB

	Carrier Frequency
	2GHz

	Sampling Rate
	1.92MHz

	Subcarrier spacing for preamble
	3.75kHz

	Subcarrier spacing for data
	15kHz

	Channel
	TDL-A 30ns 

	Number of UE
	4/8/12/16

	Root number for  preamble
	4

	SNR distribution
	Uniformly distributed in [4,20]

	Supportable CS number per root
	32

	MA signature pool size
	128(Bi-jective mapping to preambles)

	MCS
	QPSK， 0.43
BPSK，0.43





Table.A2 Simulation Parameters for To/Fo Estimation
	Waveform
	OFDM

	Total allocated bandwidth [RB]
	4

	Overhead
	50%, 1ms preamble + 1ms data

	Pool size of preamble sequences
	128

	MCS
	QPSK, 1/2 code rate

	Spreading factor
	4

	Spreading sequence
	Complex-valued, picked from {-1,0,1} + {-1,0,1}j

	SE [bit/RE per UE]
	0.125

	MA signature random [fixed/random]
	Random

	Channel estimation 
	Realistic

	Frequency offset [Hz]
	-300~300

	Timing offset [Ts]
	0~3

	Number of users in LLS
	4~12

	BS antenna configuration  
	2

	Propagation channel
	TDL-A

	Max no. of HARQ Tx
	1

	Receiver
	MMSE-SIC
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