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Introduction
In RAN1 #86 meeting, RAN1 decides to summarize preliminary evaluation results on the MA schemes and the potential gain of NoMA/grant-free MA based on the agreed SLS baseline MA system targeting RAN1 #86bis meeting [1]. Details on the MA SLS baseline system and its parameters are in the appendix and we discuss several issues on the MA evaluation and further considerations for MA study. 
Discussion and observations on MA SLS baseline for calibration
2.1 High PDR 
Baseline assumptions for MA SLS calibration are as in the Table I and other SLS parameters are as in the Table II in the appendix. 
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Figure 1. System PDR vs. PAR (Baseline)
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Figure 1. CDF of packet drop rate per UE around 35% system PDR
System PDR(Packet Drop Rate) vs. PAR(Racket Arrival Rate) results and CDF of PDR per UE at 35% of system PDR for MA baseline system are shown in the Figure 1 and Figure 2, respectively. As shown in the figures, PDR is too high due to several reasons, such as the baseline system does not consider repetition and cannot utilize the combining gain despite of quite large ISD of 1732m. In other words, optimization of baseline system is needed for the purpose of evaluation and comparison with other schemes, for example repetition or reduction of cell radius. With this high PDR environment, we could hardly see the gain from NoMA and it is not appropriate to see how much gain NoMA scheme over baseline system could achieve. 
Assuming no HARQ combining or repetitions, we simply reduced the ISD into 500m and 200m and the following Table 1 indicates percentage of UEs whose transmission power has reached maximum level and figure 3 shows PDR vs. PAR graph depending on the ISD. As seen in the table, with 1732m ISD, 88 percentages of UEs transmit its data with its max. transmission power and UEs cannot cope with the noise dominant environment even with the max. transmission power and this results in high PDR. In addition, with this inter-BS distance of 1732m, large portion of UEs are in a power limited environment and they need some aid to overcome the power limitation by repetition, or retransmission and combining like eMTC in LTE. On the other hand, with the reduced ISD to 500m and 200m, we can see that PDR is in the reasonable range where we can evaluate the gain from NoMA. This means that comparison of NoMA schemes with the current baseline system can provide not much value due to the fact that the baseline system seems not working properly. 


Table 1. Percentages of UE transmitting with its max. power
	ISD(Inter Site Distance)
	Percentage of max. power UE

	1732m
	88.62%

	500m
	30.23%

	200m
	0.40%
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Figure 3. System PDR vs. PAR depending on ISD (Baseline)
In summary, in order to properly evaluate NoMA schemes and its gains, further optimization of baseline system is needed. More specifically, the number of repetition and combining should be agreed upon and hence PDR should be in reasonable ranges to compare other NoMA schemes. 
2.2 Consideration on the Collisions
In the latest RAN1 meeting, RAN1 agreed to evaluate the MA schemes under real-channel estimation environment with a priority but we do not have any agreements on the DM-RS setting for baseline system. Without DM-RS setting, MA signature collision effect cannot be well described. MA signature collision impact to the system is not enough to see the collision effect of grant-free MA. In other words, even though the MA signatures does not collide each other, data decoding may result in failure if DM-RS from multiple UEs are collide. Without common understanding on the DM-RS setting, evaluation on the MA signature collision impact cannot be easily observed. In addition, it seems not a great value to compare base line system with other NoMA schemes in terms of collision effect. 
Further discussion on the MA SLS baseline and MA evaluation 
In this chapter, we provide further discussion on MA SLS baseline and MA evaluation. Table 2 lists up the combination of grant-free/grant-based and OMA/NoMA. As seen in the table, current LTE system is categorized into OMA with grant-based (I), though LTE support NoMA in a specification transparent way(e.g. MUST, MU-MIMO), which we believe this (I) should be the baseline for MA evaluation while current baseline assumption for MA(esp. for SLS) is OMA with grant-free(II). 
Table 2. Combination of grant-free/grant-based and OMA/NoMA
	
	Grant-based 
	Grant-free 

	OMA 
	I (appropriate baseline for MA evaluation)
	II (current baseline assumption for MA)

	NoMA
	III
	IV


In NR, RAN1 strives for the possibility of introducing NoMA and grant-free MA mechanism and there are multiple dimensions we need to study. Hence, we propose multiple dimensional study and evaluations for further study with the potential categorization of study as follows:
· To see the gain from NoMA : comparison with NoMA with grant-based(III) over OMA with grant-based (I)
· To see the gain from Grant-free: 
· Comparison with OMA grant-free(II) over OMA with grant-based (I)
· Comparison with NoMA grant-free(IV) over NoMA with grant-based(III)
· To see the gain from NoMA with grant-free
· Comparison with NoMA grant-free(IV) over OMA with grant-based(I)
Summary
In this document, we pointed out that the current baseline system for MA needs further optimization and several aspects evaluation should be taken into account in MA study. RAN1 discussed on the possibilities of NoMA/grant-free MA and NoMA and grant-free should be evaluated properly in RAN1, respectively. 

Reference
3GPP RAN1#86, Chairman’s notes 


Appendix
[bookmark: _GoBack]Table I. Baseline Assumption for calibration 
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Table II. SLS parameters for UL mMTC scenario in urban coverage for massive connection
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Attributes Values or assumptions

CP-OFDM as the UL waveform

•  UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols

A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources

•  There is no partial overlapping between the MA physical resources selected by more than one UE

•  All orthogonal MA physical resources are of same size

Total allocated bandwidth: 6RB, 4RB (optional) for calibration purpose only,  

 •  Companies are encouraged to provide calibration results for both values,

 •  Either value can be used for later evaluation of the proposed MA scheme

Bandwidth per user per transmission: 1 RB

MMSE-IRC, assuming ideal channel estimation for calibration purpose only

 •  2Rx

 •  No blind decoding assumed

Same for all UEs,

 •  Derived by the bandwidth per user of 1 RB and TB size of 160 bits per transmission

 •  QPSK is assumed  

Open loop power control

•  Alpha=1, P0= -90 dBm

Fixed by 20 bytes

 •  TB size with CRC included

HARQ retransmission No. of transmission is 1 (i.e., no repetition or retransmission)

Traffic model FTP 3 with fixed TB size

Average no. of users per sector 20 assuming 3 sectors/cell, total 57 sectors

Channel code LTE Turbo

Waveform

Packet size

Note: The above assumptions only apply to the calibration purpose,

i.e. other assumptions can be used for evaluation of proposed non-orthogonal multiple access scheme(s)​

Resource allocation

Receiver

MCS

Power control
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Attributes Values or assumptions

Layout Single layer - Macro layer: Hex. Grid

Inter-BS distance 1732m

Carrier frequency 700MHz

Simulation bandwidth Companies report simulation bandwidth used in evaluation

Channel model 3D Uma. Take 5GCM output into account if applicable.

Tx power UE: Max 23dBm or optional 10dBm

BS antenna configuration Rx: 2 and 4 ports (8 as optional)

BS antenna pattern Follow the modeling of TR36.873

BS antenna height 25m

BS antenna tilt Companies report tilt

BS antenna element gain + connector

loss

8 dBi, including 3dB cable loss

BS receiver noise figure 5 dB

UE antenna elements 1Tx

UE antenna height 1.5m

UE antenna gain -4dBi

Traffic model Non-full buffer small packet. Consider future trend of mMTC traffic

20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)

80% of users are indoor (3km/h)

Users dropped uniformly in entire cell

BS receiver MMSE-IRC as baseline, Advanced receiver is not precluded

UL power control Companies report power control scheme

Channel estimation Realistic

UE distribution

Notes: The same table is also agreed to be used for general assumption for mMTC for UL

Additionally, it was agreed to additionally define the minimum packet size is [20] bytes
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