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Introduction
The following set of agreements was made by RAN1 WG at the previous RAN1#86 meeting [1] with respect to analysis of different UL NOMA schemes:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· 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
· Continue study at least the following:
· Handling of  potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis
In this contribution, we provide initial system-level analysis of NOMA schemes, focusing on analysis of main benefits from UL power control, HARQ and advanced Parallel Interference Cancellation (PIC) receivers for UL NOMA scenario.
On System-level Analysis of NOMA Schemes
In our companion contribution [2], we show that NOMA techniques have significant advantage over OMA schemes in terms of sum spectral efficiency. In this document, we highlight main technical challenges of grant-free transmission schemes and provide initial system-level analysis of NOMA performance.
Impact of In-band Emission
The UL grant-free transmissions assume minimum control signaling from serving Base Station (BS), reduced latency and power consumption towards achieving lower system overhead and long device battery lifetime. In case of inaccurate power control settings or mix of UEs with significantly different levels of RX power in the same subframe, the multi-user detection receiver performance can be significantly impacted due to near-far effect and in-band emissions (IBE) for FDM-ed resources.

There are several solutions that could help to decrease the impact of IBE effects:
· Transmission time pattern – UEs with different received power levels could be separated from each other by specific transmission time pattern.
· Configuration of different resource pools for UEs with different coverage extension levels
· Open loop power control mechanism – UE may adjust its transmission power, based on DL measurements, ACK statistic from serving BS and etc.



Observation 1
· Appropriate OLPC mechanisms should be studied and the potential impact from near-far effects and IBE should be investigated.


On HARQ Support
In this section, we highlight the importance of HARQ support in scenario with high loading condition. One of the requirements for mMTC is the support of UEs in deep coverage [3]. In this case, UEs typically experience very low SNRs, even if maximum power for transmission is utilized. Note that even if link budget is sufficient, there may be still substantial interference that may cause failure of packet reception. In order to cope with these effects the retransmissions can be utilized to improve NOMA performance.

Figure 1 shows system level performance in terms of PDR (Packet Drop Ratio) vs PAM (Racket Arrival Rate). The initial analysis assumes ideal HARQ feedback and shows significant performance gain from utilization of HARQ operations for NOMA transmission. Depending on synchronous and asynchronous HARQ mode, serving BS can perform combining for initial transmission and retransmission at the receiver side (synchronous HARQ) that further improves performance in contrast to asynchronous HARQ mode when there is no combining at the receiver side. 

Note that for the current simulation setup with only 1 PRB per transmission, a significant fraction of links can be expected to be limited by insufficient link-budget rather than interference. Accordingly, the gains from synchronous HARQ with combining at the BS receiver is observed. However, for larger MA physical resource sizes, the benefits from interference randomization via random back off mechanisms can be expected to surpass the benefits from combining gains of a synchronous mechanism. Accordingly, a combination of the two approaches and configurability between them could be potential areas for further investigation.

It can be also observed that higher HARQ performance gains are achieved at high loading condition in case when power control is applied.

Table 1. Simulation setup.
	Number of PRBs per UE transmission
	1

	HARQ reTx number
	0,3

	Receiver
	MMSE-IRC

	Random back off
	40ms

	TBS
	20 bytes including CRC
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	1 PRB, power control
	1 PRB, TX max power
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[bookmark: _GoBack]Figure 1. System performance with HARQ support.

Observation 2
· HARQ retransmissions can significantly increase PDR system performance 
· Random back off mechanism could potentially increase retransmission gains in high interference scenarios.

Proposal 1
· HARQ retransmission schemes should be supported for grant-free UL NOMA transmissions. 
· Possible combinations and configurability between synchronous and asynchronous HARQ mechanisms should be investigated further. 
Comparison of various NOMA schemes
In this subsection, we provide initial performance comparison of different NOMA schemes, described in [2]. In Figure 2, system-level analysis of different NOMA schemes is presented. The system level evaluation result were obtained under the following assumptions:
· Grant-free random resource selection (except ‘Genie-aided FDMA’ scheme – see details below).
· Resources for transmission are chosen 
· Transmission bandwidth: 6 PRBs per UE transmission for all schemes (except ‘Genie-aided FDMA’ scheme – see details below).
· Evaluated transmission schemes:
· FDMA – OMA transmission with optimized number of PRB for each PAR value.
· Different UE allocation sizes 1, 2, 3, 6 were analyzed for each PAR value and the best PDR value was used for each PAR (the packet drop due to packet drop timer is included, 40 ms)
· MMSE-IRC receiver is used
· Short Sequence Multiple Access (SSMA) with MMSE-IRC – short spreading multiple access scheme with MMSE-IRC receiver
· SSMA with MMSE-PIC – short spreading multiple access scheme with MMSE-IRC parallel interference cancellation (PIC)
· Low Code Rate Spreading (LCRS) with MMSE- PIC – low code rate transmission with MMSE-IRC parallel interference cancellation (PIC), HARQ reTX number 0 and 3
· Lower bound – based on the assumption of ideal intra-cell interference suppression, MMSE-IRC receiver is used, no HARQ retransmission. 
· System bandwidth: 6 PRBs.
· MMSE-PIC simulation assumption: MMSE-IRC based receiver wherein all successfully decoded UEs’ transmissions are suppressed by a certain dB level (20 dB)
· Open Loop Power control: P0 based on fixed target SNR = 3 dB, alpha = 0.8.
· HARQ: Both cases including no HARQ retransmissions and up to maximum of 3 HARQ retransmissions are evaluated. 
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	6 PRB, with open loop power control



[bookmark: _Ref463015475]Figure 2. System performance of different NOMA schemes.
For small PAR values (interference free region), all schemes provide similar performance. As PAR increases, the difference between curves become noticeable. For high PAR values, PIC receivers provide significant performance gains compared to OMA and NOMA with MMSE-IRC receiver.
Comparing the performance between LCRS and SSMA based NOMA schemes, the robustness from better coding gain for the case of LCRS compared to SSMA (due to repetition based spreading for SSMA) can be observed in Figure 2.
Observation 3
· Utilization of enhanced MMSE-IRC based MMSE-PIC receivers with LCRS transmission scheme significantly increases UL NOMA system performance.

Proposal 2
· UL NOMA schemes based on LCRS should be further studied with IC receivers that have potential to increase overall system performance.
Conclusions
In this contribution, we provided initial system-level analysis for NOMA schemes with grant-less uplink transmission in NR. Based on the presented discussion, we summarized our view through the following proposals and observations:

Observation 1
· Appropriate OLPC mechanisms should be studied and the potential impact from near-far effects and IBE should be investigated.
Observation 2
· HARQ retransmissions can significantly increase PDR system performance 
· Random back off mechanism could potentially increase retransmission gains in high interference scenarios.
Observation 3
· Utilization of enhanced MMSE-IRC based MMSE-PIC receivers with LCRS transmission scheme significantly increases UL NOMA system performance.

Proposal 1
· HARQ retransmission schemes should be supported for grant-free UL NOMA transmissions. 
· Possible combinations and configurability between synchronous and asynchronous HARQ mechanisms should be investigated further. 
Proposal 2
· UL NOMA schemes based on LCRS should be further studied with IC receivers that have potential to increase overall system performance.
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Appendix A: Simulation Assumptions
	Parameters
	Values or assumptions

	Carrier Frequency 
	700 MHz 

	Waveform 
	OFDM

	Channel coding
	Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	1.4 MHz / 6 PRB

	Total allocated bandwidth for transmission 
	1,6 PRB

	Resource allocation assumption
	Random resource selection

	TBS 
	20 bytes including CRC

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	Propagation channel 
	CM 36.873 

	Max number of HARQ retransmission 
	1,3

	Receiver structure
	MMSE-IRC and MMSE-PIC 

	Channel estimation
	Ideal




Appendix B: Additional performance metrics
Additional metrics for LCRS NOMA scheme with MMSE-PIC receiver, PAR = 1 packet/ms/sector.
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Figure 3. SINR CDF.
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Figure 4. PDR vs path loss.
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Figure 5. PDR CDF.
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