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Introduction
Procedures related to NOMA have to be studied in parallel to the NOMA type selection as they will impact the system performance. It is in particular important to consider procedures in the system simulations to obtain realistic evaluations of the gains of the different NOMA techniques over OMA. In this contribution, impacts of MA signature overloading are discussed in particular on UE identification and link rate adaptation procedures. 
Considerations on procedures related to NOMA
Impacts of MA signature overloading and RRC modes on NOMA procedures
NOMA coupled with interference cancellation receivers is known to be a capacity achieving strategy. In 5G NR standardization a Study Item has been agreed [1]. This study aims at defining NOMA usage for UL. the SI scope encompasses eMBB, UrLLC and mMTC use cases. Usage of NOMA is especially suitable for mMTC use case where a multitude of devices accesses the network infrequently to transmit small payloads (10 to 75 bytes data payloads). Several NOMA device categories may be defined depending at least on their duty cycle, very low duty cycles are considered (few packets per hour or less) and it has been proposed by several companies that mMTC NOMA devices operate in grant free mode. Similarly, in order to minimize network connection overhead which is paramount for mMTC, it has been proposed that NOMA mMTC devices can transmit at wake-up, without switching to RRC_CONNECTED state (e.g. from RRC_INACTIVE or RRC_IDLE state) [2]. 
NOMA scheme must be capable of serving thousands of devices per cell most of them not having any RRC context, this number of devices is typically several orders of magnitude more than the expected number of available non-orthogonal MA signatures, and MA overloading becomes a key aspect. In [3] principle of MA signature overloading has been proposed so that multiple UEs can be assigned the same MA signature. 
In RAN1 #86 principle of random selection of the MA by the UE has been agreed. In RAN1 #85 principle of grant free Tx for NOMA has been agreed.
These agreements coupled to the sporadic traffic type set constraints on the gNB receiver side which can be managed up to certain extent thanks to the high processing capability at gNB, however they have some significant system level impacts, in particular:
· UE may transmit without having an RRC context at network side (e.g. from RRC_IDLE or RRC_INACTIVE states) therefore it can’t receive any dynamic configuration from gNB. In particular it can’t receive MCS indication nor TPC which are by definition set dynamically.
· Moreover, even assuming an RRC context where the gNB could perform dynamic or at least semi-static MCS configurations of UEs, and assuming also that the associated overhead is acceptable from DL capacity point of view, it could not be exploited at gNB receiver side because gNB can’t know which UE among those assigned to the detected MA signature has effectively performed the transmission and therefore can’t exploit the MCS information for demodulation.
· Last but not least, sporadic and very infrequent traffic coupled to grant free transmission prevents from applying classical link rate adaptation methods at gNB level: there is no valid link quality estimates available at gNB.  

Observation 1: Due to MA signature overloading (whichever the MA signature design), it is not sufficient for the gNB to detect an MA signature to identify the source UE.
Observation 2: Due to ambiguity on UE identification after MA signature detection, usual dynamic UE-dedicated signaling from the gNB can’t be applied.
UE identification procedure
Considering the current status of NOMA SI discussions, the overall procedure for NOMA transmitter could be close to the following:
· Common or group level time/frequency/MA set of resource for NOMA are assigned to the UE as part of RRC configuration (initial configuration)
· Prior to transmitting, UE perform DL synchronization 
· UE randomly selects a MA signature and physical resources within the available resource set and transmit

Due to MA signature overloading (whichever the MA signature design), it is not sufficient for the gNB to detect an MA signature to identify the source UE. Upon MA signature detection, the source UE must be identified among the group of UEs allowed to use the detected MA. The easier solution could be to include the xRNTI or UE ID within UCI and to multiplex it in the NOMA PUSCH at the cost of increased overhead (16 or 24 bits strongly encoded UE identifier for 10 to 150 bytes payload). Another solution is to scramble the CRC with the UE identifier, it brings no extra overhead as the CRC is there anyway but the UE can only be identified after data demodulation and CRC checking. On a resource usage point of view, CRC-based UE identification is very preferable especially for small TBS (10 bytes) where the xRNTI direct signaling would constitutes at least 20% to 30% overhead depending on used code rate. 
As an example, let’s assume that CRC-based UE identification procedure is used, the gNB reception process then requires 4 sequential steps
· MA signature detection
· Data demodulation (possibly using SIC type of receiver)
· CRC checking
· CRC descrambling for all possible xRNTIs



Figure 1 - NOMA PUSCH reception procedure with blind demodulation and IC

UE identification hence requires joint MCS blind detection and data demodulation, before being able to test the different hypothesis for source UE with CRC de-scrambling. It is common understanding that complexity and performance of blind detection and demodulation algorithms greatly depends on the search space size and on the a priori known parameters. Moreover, in case of SIC receiver, MCS detection robustness is key due to sensitivity of these receivers to error propagation.   
Link rate adaptation

Based on the previously described NOMA context, one can derive that a major problem is that data demodulation and decoding and interference cancellation if any must be performed prior to UE identification and hence prior to knowing any MCS information relative to this UE. This will put stringent requirements on the receiver algorithms in terms of complexity and will limit the performance of these algorithms which have to be run blindly.
[bookmark: _GoBack]An obvious, yet low efficiency solution to this problem would be to use a unique MCS for all the devices (implicitly this is the current proposal, see  [4]  )  however this leads to severe capacity limitations since all UEs then have to use a unique  very robust, low spectral efficiency MCS which can sustain the worst case link conditions in the cell (cell edge). This is fine for cell edge devices but clearly a waste of resource when applied to UEs closer to the gNB. 
In addition, the sporadic nature of the mMTC traffic prevents application of a dynamic power control loop (adds up to the capacity wasting).
An obvious illustration of the impact of variable MCS usage is provided here below in an extract of TS 28.214 table 6.1.4.1-1. It shows a factor x20 in spectral efficiency between most robust and most spectrally efficient MCS for PUSCH. This results both from the different modulations and from the different coding rates. 
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	0.2344

	1
	q
	314/ q
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Table 1 -  Spectral efficiency vs PUSCH MCS, Extract of Table 6.1.4.1-1: MCS index table

On a capacity point of view, using a unique MCS for all NOMA traffic doesn’t seem realistic. Although very low-end NOMA devices might be limited to a single robust modulation (QPSK) for cost and power consumption reasons, it would still be beneficial to have several MCS differentiated by their coding rates. 
In addition, NOMA is expected to support simultaneous categories of device, meaning that higher end devices capable of variable MCS would cohabit with single MCS ones, therefore a link rate adaptation mechanism relying on several MCS, compliant with NOMA traffic is required. It is proposed to defined a subset of Rel.15 NR MCS that is used for NOMA.
Applying link rate adaptation would increase significantly NOMA spectral efficiency, however as it has been detailed previously usual gNB-based link rate mechanisms can’t be applied in NOMA mMTC grant free case for several reasons 
· Due to infrequent UL Tx, gNB doesn’t have recent feedback from the UE to build relevant UL propagation channel knowledge and derive link adaptation decision (MCS change).
· Even in favorable cases where gNB could derive an MCS decision and assuming it could configure the device in accordance, it should still do blind MCS detection at the receiver due to MA signature overloading (see UE identification paragraph).
· MCS configuration of a multitude of NOMA devices by the gNB would constitute a major overhead.

A possible way forward to enable variable MCS usage for NOMA traffic would consist in enabling link rate adaptation based on UE decision. A major advantage of this approach is that the NOMA UE always has access to the most recent channel information (thanks to DL synchronization) and can make relevant decision on this basis. Network configuration via higher layers and strict UE behavior rules would ensure network control over NOMA operations.
Proposal 1: It is proposed to investigate if UE-driven link adaptation can bring benefit for NOMA case.
[bookmark: _Ref505694259]
Conclusions
In this contribution, procedures related to NOMA are discussed. We make the following proposals and observation:
Proposal 1: It is proposed to investigate if UE-driven link adaptation can bring benefit for NOMA case.
Observation 1: Due to MA signature overloading (whichever the MA signature design), it is not sufficient for the gNB to detect an MA signature to identify the source UE.
Observation 2: Due to ambiguity on UE identification after MA signature detection, usual dynamic UE-dedicated signaling from the gNB can’t be applied.
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