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Introduction
In RAN1 #93 meeting, it was agreed that [1]
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.

· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.

In this contribution, we discuss procedures related to UL data transmission from different UE RRC states and UL synchronization states during communication. In addition, we propose procedures related to NOMA on the RRC_INACTIVE UE state to make the NOMA more effective. Moreover, we discuss extending the number of DMRS ports for MTC service. 
Discussion 
Discussion of UL data transmission procedures in RRC_INACTIVE state
Among UL NOMA study, different UL data transmission procedures from Rel-15 configured grant can be considered. We summarize all types of UL data transmissions procedures in Table 1 below in terms of UE state, UL synchronization and resource allocation method for UL data transmission.



Table 1: Relationship between UE state, UL synchronization and resource allocation method
	UE state
	UL synchronization
	Resource allocation method

	Before communication 
	During communication 
	
	

	RRC_CONNECTED 
	RRC_CONNECTED
	Synchronous 
	Dynamic grant 

	
	
	
	Configured grant 

	RRC_INACTIVE
	RRC_CONNECTED 
	Synchronous 
	Dynamic grant 

	
	
	
	Configured grant 

	
	RRC_INACTIVE
	Synchronous 
	Configured grant 

	
	
	Asynchronous
	Configured grant 



In the RRC_CONNECTED UE state during communication, UE is synchronized in UL and applies the Rel-15 based dynamic and/or configured grant-based resource allocation method. On the other hand, in the RRC_INACTIVE UE state during communication, since UE cannot dynamically be allocated resources to, it is expected for the UE to apply the configured grant-based resource allocation method based on Release 15 type1 or type2.

Generally, requirements, such as power consumption, reliability and latency, are different depending on target use cases, and for multiple access, it is necessary to consider the capability to accommodate different types of use case. For UL data transmission, in the RRC_CONNECTED state, that is dynamic grant resource allocation, UE can control the modulation and effective code rate utilizing link adaptation and downlink control information (DCI). Therefore, UE can support traffic changing parameter dynamically such as URLLC traffic and EMBB background etc. traffic. If, on the other hand, configured grant based UL data transmission in the RRC_INACTIVE UE state will be feasible, a reduction in signaling overhead, latency and power consumption is expected since it is possible to make some or all of the (re)connection transition processing to RRC_CONNECTED state, i.e. the random access procedure, unnecessary. This is described in justification part of SID [2]. 

For the URLLC service, it is assumed that ultra-reliability is guaranteed by repetition transmission of the control channel or data channel [3], however, in order to achieve low-latency, it is necessary not only to shorten the time per data symbol and enhance the signal processing capability but also to simplify the procedure required for the connection. For the MTC service, reduction in signaling overhead achieved by improving connection processing contributes significantly to avoiding the control signal occupying the limited band used by the MTC service. 

Moreover, as discussed in the last #94 meeting, for the mMTC and eMBB transmission with aperiodic or event-driven traffic, especially small data size, the NOMA transmission from RRC_INACTIVE state is considered as an attractive solution. In addition, it was being considered that further gains such as latency, power consumption and overhead reduction are expected by applying simplification of RACH procedure, e.g. 2-step RACH. 

Therefore, among UL data transmission procedures in terms of UE state, those related to the RRC_INACTIVE state UL data transmission should be studied. 

Proposal 1: UL data transmission procedures related to RRC_INACTIVE state UL data transmission should be studied.


Described so far, configured grant based RRC_INACTIVE state UL data transmission is an effective approach for various target use cases. To make this UL data transmission feasible, however, many control signal-related issues, which are shown below, still remain [4]. 

a.	FFS how the UL grant size is defined;
b.	FFS which other information will be necessary to enable the network to move the UE to RRC_CONNECTED or to enable the network to let the UE remain in RRC_INACTIVE such as BSR;
c.	FFS if a data threshold would be applied to trigger a separate procedure for data transmission as opposed to connection resume;
d.	FSS whether the solution could fulfil the SA3 requirements and/or recommendation in terms of security only with the AS content identifier;
e.	FFS which information could be provided with the message 3 to enable the network to apply overload control and prioritisation, if needed;
f.	FFS what form of overload control/prioritisation might apply in the contention based case.

In order to transmit UL data in the RRC_INACTIVE state, an UE has to share the required information for UL data transmission with its serving gNB. In case of grant-based UL data transmission in the RRC_CONNECTED state, the UE is dynamically configured the resource, optimal transmission power, appropriate modulation and code rate from the channel state by an UL grant. In addition, the UE simultaneously adjusts the transmission timing taking timing advance into account. UL data transmission is possible, provided at least those information are shared between the UE and its serving gNB. Hence it is necessary to configure those information for the RRC_INACTIVE state UE. 

For example, one possible way for obtaining above required information can be considered following figure below.  
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Figure 1: Procedure for UL data transmission from RRC_INACTIVE state

If UE inactive timer is expired, gNB sends the RRC_release message to UE to have UE transit to RRC_INACTIVE state from RRC_CONNECTED state. In Rel-15 RRC_release message, some configurations such as I-RNTI, paging cycle and notification area etc. are given by suspendConfig. In addition, for this method, some required information used in last RRC_CONNECTED state is configured simultaneously. Hence UE in RRC_INACTIVE state can transmit UL data without configuring resource, transmission power, MCS and transmission timing etc. by gNB. 

As just described, in order to realize UL data transmission in RRC_INACTIVE state, RAN1 should study the optimal procedures at least to configure the above FFS points and required information to utilize Release 15 NR-based configured grant type 1/ type 2 transmission. Furthermore, if necessary, we should consider a new configured grant type. 

Proposal 2: RAN1 should study the optimal procedures at least to configure the FFS points described in TR38.804 and required information e.g., resource, transmission power, MCS and transmission timing etc. 


DMRS enhancement 
For grant-based and configured grant based UL data transmission, it has been agreed that DMRS is to be used for channel estimation and/or UE activity detection. For non-orthogonal multiple access, in particular in the MTC service case, it is assumed that traffic overloading will occur, so that multiple UEs use the same configured resources in the resource pool at the same time. In Release15 NR-based DMRS, two types of DMRS configuration have been agreed, for which the maximum number of DMRS ports is 8 and 12 in DMRS configuration type 1 and type 2, respectively. This means that the maximum number of supportable UEs is 8 or 12 depending on the DMRS configuration type. Hence, in the MTC service case, as the number of UEs using configured grant based UL data transmission increases, it is assumed that the number of orthogonal DMRS ports for the corresponding UEs is insufficient. Therefore, it is necessary to study extending the number of DMRS ports. 

Proposal 3: Extending the number of DMRS ports should be studied especially for configured grant based UL data transmission. 


In order to extend the number of DMRS ports, there are two main directions to be considered, that is, increasing DMRS symbols and reducing the number of DMRS resource elements (RE) per DMRS port to perform channel estimation. The simple relationship between the DMRS extension method and the number of DMRS ports is shown in Table 2, 

Table 2: The maximal number of DMRS ports corresponding to DMRS configuration type and the number of REs for DMRS 
	# of REs per DMRS port per RB/ 
# of DMRS symbols 
	1 symbol 
(2 CDMs) 
	2 symbols
(4 CDMs)
	1+1 symbols 
(4 CDMs)
	1+1+1 symbols 
(4 CDMs)

	Configuration Type 1 (6REs / 12REs)
	4
	8
	16
	24

	Configuration Type 2 (4REs / 8REs)
	6
	12
	24
	36

	2 RE 
	12
	24
	48
	72



where 1+1 symbols represent the two symbols composed of REs of different DMRS ports, and 1+1+1 symbols are also as well. The difference between 2nd column and the others is the number of REs per DMRS port per RB. For configuration type 1, the 2nd column uses 12 REs per port per RB against the others use 6REs. Also, the difference between 1st column and the others is the number of CDMs. In addition, the orange part has already been agreed in Release 15 NR.

When the additional DMRS symbol(s) is configured to increase the total number of REs, the overhead also increases. On the other hand, if the number of REs is reduced per DMRS port, it is assumed that channel estimation accuracy also decreases. In other words, in order to increase the number of DMRS ports, there is a tradeoff between overhead and accuracy of channel estimation. Therefore, when considering extending the number of DMRS ports, the performance impact from the tradeoff between overhead and accuracy of channel estimation should be evaluated. 

Proposal 4: When considering extending the number of DMRS ports, the performance impact from the tradeoff between overhead and accuracy of channel estimation should be evaluated.

Conclusion
In this contribution, the discussion was mainly focused on UL data transmission and DMRS enhancement. Based on this discussion, our views are summarized as follows

Proposal 1: UL data transmission procedures related to RRC_INACTIVE state UL data transmission should be studied.

Proposal 2: RAN1 should study the optimal procedures at least to configure the FFS points described in TR38.804 and required information e.g., transmission power, MCS and transmission timing etc. 

Proposal 3: Extending the number of DMRS ports should be studied especially for configured grant based UL data transmission. 

Proposal 4: When considering extending the number of DMRS ports, the performance impact from the tradeoff between overhead and accuracy of channel estimation should be evaluated.
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