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1. Introduction

[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Toc466352963][bookmark: _Toc472222530]UL SLS baseline design for providng reference system level performance was agreed during RAN #86 meeting, and evaluation assumptions for new radio interface have been discussed.  For UL mMTC scenario using OFDMA multiple access scheme, following were the reached consensus so far [1]:
Agreements:
· For providing absolute system level evaluation results for UL mMTC, for calibration purpose only
· 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
· Rx MMSE receiver, assuming realistic channel estimation
· No blind decoding assumed 
· Same MCS for all UEs, 
· MCS is reported by each company
· Open loop power control
· Alpha=1, P0= -90 dBm
· Packet size is fixed by 20 bytes
· FFS other parameters, if any
· Email discussion on any other potential parameters until 9/2 – Yi Wang  (Huawei)
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)
In relation to the contribution [2], the proposed non-orthogonal MA is evaluated via system level simulation performance under the agreed SLS parameters/environment, and it is compared with the baseline SLS.  First we explain how the PHY abstraction method was done, and then we list some findings from system level evaluation results according to the latest evaluation methodology and evaluation assumption agreement defined in [1]. 
2. PHY abstraction method for LSSA UL

PHY abstraction method for interference cancellation with linear MRC receiver type of non-orthogonal MA scheme is proposed for SLS evaluation.  LSSA employs parallel interference canceller, which assumes the overall cancellation effect to be reliable as SINR increases.  As verified in our contribution [2], this assumption is found generally true, and perfect interference cancellation is expected especially at high SINR operating region.  For LSSA, the proposed approach to calculate post processing SINR is to figure out the perfect interference cancellation lower bound.  As shown in [2], almost no performance loss, 200% overloaded and low-rate channel code case for example,  is observed as a result of employing parallel interference cancallation unless the overload factor exceeds a certain threshold.  
The post-processing SINR of the orthogonal MA receiver with MRC for the n-th RB can be given as [3]


where and are tramit power and path loss from a target user 0.    is the SIMO small scale fading channel in matrix from the same target user 0.   is the thermal noise plus noise figure at eNB.  The rest of the notations with j-th index indicates interfering users from other cells.  On the other hand, the post-processing SINR of the non-orthogonal LSSA MA receiver for the n-th RB can be given as

Unlike the baseline OFDMA scheme with MRC type receiver, the LSSA receiver usually has some strong interferences removed completely before LLR computation and/or channel decoding process is done.  The power of residual interference is close to the thermal noise level, and the SINR can be modelled as somewhat similar to interference cancelled SIMO channel.    is the effective SINR adjustment value for particular input SINR range  with particular channel coding rate  and overloading conditions .  If the overload factor exceeds a certain threshold, a BLER performance gap is observed.  However, depending on the effective SINR range and channel coding rate, the performance gap between single user perfect cancellation lower bound case and overloaded transmission factor can be taken into account, as marked as  in (2).  
The performance gap can be converted into SINR loss, and this SINR loss can be a function of .  However, the SINR adjustment factor  can be trained to have an approximate single value, when realistic channel estimation assumption is applied, regardless of overload and channel coding rate conditions.
3. Comparison of OFDMA vs LSSA UL PDR performance

The parameters on system level simulation for UL mMTC scenario in Urban Macro coverage is defined as  following:
Table 1 Applied system level simulation parameters for UL mMTC scenario
	Attributes 
	Values or assumptions 

	Layout
	Single layer
 - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700 MHz

	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 

	BS antenna configuration
	Rx: 2 and 4 ports 

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	102 degrees

	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
	Poisson with arrival rate Lamda of arrivals/ms/sector

	UE distribution
	20% of users are outdoor (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
	Alpha = 1, P0 = -90dBm

	Channel estimation
	Ideal



Table 2 SLS assumptions for LSSA system 
	Attributes 
	Values or assumptions 

	Waveform
	- CP-OFDM as the UL waveform
- UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols

	Resource allocation
	- A UE selects a MA signature resource randomly from a pool scheduled by eNB
- There is no partial overlapping between MA physical resources selected by more than one UE
- 
- Total allocated bandwidth: 6RB

	Receiver
	- No blind decoding assumed
- 

	MCS
	- QPSK is assumed
- TB size of 160bit including CRC

	HARQ
	- No retransmission

	Carrier frequency
	700 MHz

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

	Tx power
	UE: Max 23dBm 

	BS antenna configuration
	Rx: 2 ports 

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	102 degrees

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss



Uplink performance of LSSA system for Urban Macro scenario is considered.  For a comparison of system outage/connection efficiency result, packet drop rate (PDR) vs system loading (packet arrival rate: PAR) is evaluated.  
For baseline OFDMA system, channel estimation is set to ideal case.  Thus, even though UL transmission collision in the same RB (belonging to the same sector) happens, collided packet is considered not as a direct packet drop event, but regarded as strong interference to each received target data.  

3.1. Observation on OFDMA with random RB selection vs LSSA with wide-band transmission 
In this subsection, we compare system level evaluation result of baseline OFDMA and LSSA.  The baseline OFDMA grant-free MA scheme lets a UE randomly choose 1 physical MA resource of out 6 RBs as a grant-free transmission.  On the other hand, LSSA with wide-band transmission is a grant-free MA scheme that lets a UE tranmit signal which occupies the whole 6 RBs, as illustrated in [4].

[image: ] [image: ]
(a) TB size of 160 occupying 1 subframe                     (b) TB size of 160 occupying 2 subframes
Figure 1. Fixed size TB PAR vs PDR comparison of OFDMA and LSSA

In both figure 1 (a) and (b), OFDMA has lower packet drop rate than LSSA in low traffic loading condition, while the situation is reversed as packet arrival rate is increased.   This For figure 1 (a), low PDR is observed for OFDMA if traffic loading condition is low.   On the other hand, wide-band transmission of LSSA effectively introduces larger noise power density per RB and smaller transmission power per RB than OFDMA.  This contributes to higher PDR at low PAR rates, which corresponds to worse SINR condition per RB compared to OFDMA.  In addition, on top of being able to transmit higher power per given bandwidth, the receiver for OFDMA could expect less UL interference as the UE randomly chooses a MA physical resource.  However, the merits of OFDMA fades away when PAR starts to increase, as number of other UL signals contributing to interference and collision (modelled as strong interference) among UL signals sharing the same RB increases.   However, the merit comes from the high overloaded conditions for LSSA.  As shown in figure 1, non-orthogonal scheme is more efficient than baseline OFDMA for packet arrival rates higher than 2.5.
[image: ]  
Figure 2 Fixed size TB PAR vs PDR with time repeated transmission
On the other hand, the PDR is way too high to meet the target PDR for both 1 or 2 subframe transmission case.   Even though resource of 2 subframes are used, it is still far from reaching the target outage performance of PDR 1%.   For LSSA, roughly 10% reduction of PDR is observed for doubling the MA physical resource.  Given the bandwidth limitation, time diversity must be considered to achieve PDR of 10%.  From the figure 2 above, it is analyzed that at least more than 20ms of transmission time is required.   Also, increased capability of overloading must be considered to compensate the reduced time resource.
3.2. Observation on OFDMA and LSSA with random RB selection, narrow band, and HARQ 
In contrast to wide-band tranmission assumption of LSSA in the previous subsection, the proposed non-orthogonal MA scheme is modified to transmit data with narrow-bandwidth and time repeated characteristics.  Also, the LSSA UE randomly picks a RB for tranmission, just like the baseline OFDMA non-orthogonal MA scheme.  This is experimentally done to take advantage of lower effective noise power, higher transmit power density per RB, and statisticaly lower overall interference accumulation by physical RB randomization.  To compare both system in a fair way, OFDMA baseline system is also time repeated to match the overall tranmission duration of that of LSSA, since both system now have the same total occupied bandwidth of 1 RB.   
Apart from narrow-band scheme, the narrow band tranmission configuration of LSSA with low spectral efficiency can be set up to meet the MCL of 164dBm.  To facilitate the user mulitplexing and overloading capability within the tranmission bandwidth, extremely low channel code rate is considered along with MCL target.  The LLS results of such tranmission mode for extreme coverage is shown below in figure 3 (b). 
[image: ] [image: ]
(a) 10ms in packet length                                               (b) 1000ms in packet length
Figure 3 BLER results of extreme coverage modes by employing different code rates
For OFDMA baseline MA scheme in both figure 3 (a) and (b), the bandwidth allocated per user is 30kHz.  Fixing the same transmission time duration, both OFDMA baseline and LSSA system’s payload occupy 120 OFDM symbols, in terms of LTE numerology.   The purpose of figure 3 is to provide some BLER curve slope differences of LSSA compared to wide-band transmission cases in [4].
For system level evaluation, the baseline MA scheme tranmits signal with 180kHz bandwidth, as agreed in the SLS assumptions.  This results in either shorter packet/signal transmission duration or better BLER performance due to redundancy acquired by matching the transmission duration of that of LSSA.  For system level simulation, both OFDMA baseline and LSSA is fixed to have a packet length of 6ms (not shown in figure 3, but can expect predictable link performance).  Therefore, the same AWGN performance curve can be referenced for both OFMDA baseline and LSSA.  HARQ retransmission is fixed to 2, disregarding absolute time-out limit for retransmission attempt.  As mentioned earlier, both systems assume transmission signal bandwidth of 180kHz with random RB selection.  
[image: ]
Figure 4 Fixed size PAR vs PDR with 6ms packet duration of OFDMA baseline vs LSSA
[bookmark: _GoBack]In constrast to previous subsection result, LSSA out-performs OFDMA baseline at any given PAR point, as shown in figure 3.  Now, unlike the situation in the previous subsection, the performance difference of two scheme comes from UL signal collision when two or more UEs select the same RB and transmission time duration.  As shown in figure 4, effect of handling of collision is apparent as PAR increases.  To achieve a target PDR of 1%, PAR about 0.25 is expected for OFDMA baseline MA scheme.  On the other hand, PAR about 0.8 is measured for LSSA scheme.  Note that simulation range regarding PAR for LSSA is limited 8 because fixed number of 20 UEs per sector eventually leads to quick saturation in UL traffic.  

4	Discussion / conclusion
In this contribution, we presented the SLS evaluation results of LSSA non-orthogonal MA scheme.  A comparison of the performance metric between OFDMA and LSSA suggest that each candidate MA scheme has their strong and weak points in particular system setting under wide range of traffic condition scenarios.  In conclusion the following proposal is made:
Observation 1: Capacity of connection density depends on traffic loading conditions of bandwidth specific transmission schemes, and multiple access scheme must be selected based on traffic conditions.   If high traffic loading condition is the case, non-orthogonal MA with high overloading capability can be more efficient, in terms of connection efficiency.
Observation 2: Benefits of narrow-band with random RB selection is observed for LSSA, that it is generally not recommended for non-orthogonal schemes to employ wide-band transmission method to superimpose UL signals.
Proposal: Consider narrow-band scheme with enough channel code rate redundancy along with HARQ for grant-free non-orthogonal MA to meet both mMTC MCL requirement and connection density performance.
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OFDMA 2ms (R=5/18)
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LSSA 10ms (SF=20, R=5/27)

LSSA 20ms (SF=40, R=5/27)
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OFDMA (QPSK,R=1/3, bits/RE: 2/3 (6 users))

LSSA (QPSK,R=1/3, SF=6, bits/RE: 1/9 (12 users))
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OFDMA (QPSK,R=1/300, bits/RE: 1/150 (6 users))

LSSA (QPSK,R=1/300, SF=6, bits/RE: 1/900 (12 users))
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OFDMA 1ms (R=5/9)
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