3GPP TSG-RAN1#86
              R1-167340
Gothenburg, Sweden, 22 – 26 August 2016
Source: 
ETRI
Title: 
LLS results for UL low-rate code and signature based shared access scheme 
Agenda Item:
8.1.2.2
Document for:
Discussion / Decision
1. Introduction
In the RAN1 #85, agreements have been made to investigate autonomous/grant-free/contention based UL non-orthogonal multiplexing scheme, which assumes no dynamic or explicit scheduling grant from base station.  The agreements made so far are listed as follows [1]:

Agreements:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
In the RAN1 #85 meeting, low-rate channel code and signature based shared access (LSSA) [2] was introduced as a candidate to achieve the desired properties mentioned in the above agreements.  This contribution presents some of the uplink LLS performance results of the proposed LSSA scheme, which is compared with OFDMA under the simulation setup agreed so far in the RAN1.

2. Link level simulation setup and assumptions
2.1. General simulation setup 
 Following parameter setup listed in Table 1 is used in the simulation, as agreed in [1].  For the waveform of non-orthogonal UL, OFDM waveform is chosen in order to compare with the orthogonal OFDMA scheme.  Per UE target spectral efficiency (SE) is used as the “target spectral efficiency” for the simulation.  Various repetition (spreading factor) levels, channel coding rates and overloading factors are applied to meet the specific target SEs per UE.
Table 1. Evaluation parameters – LLS for UL
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM /SC-FDMA 
Other waveform is not precluded 

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 
Target SE per UE: 0.375, 0.25, 0.166, 0.125

	Required transmission bits per user
	192 bits, 216bits (without CRC)

	BS antenna configuration 
	2/4 Rx as baseline 
8Rx optional 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed. 
Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity 
	TDL for in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1, 4 

	Overloading factor
	150%, 200%, 300%


2.2. Resource allocation setup for OFDMA and LSSA
Localized subcarrier allocation is assumed for OFDMA transmission case.  For OFDMA transmission, each user occupies 1 PRB bandwidth, whereas the non-orthogonal scheme shares the entire designated frequency and time resource for the system, as illustrated in figure 1.  A 2-dimensional comparison of orthogonal vs non-orthogonal transmission scheme, in terms of resource allocation, for 12 user UL transmission case is shown.
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Figure 1 Comparison of orthogonal vs non-orthogonal user resource allocation schemes
3. Transceiver design considerations
3.1.  LSSA
The LSSA uses low-rate channel code along with user specific short permutation pattern, as a signature, which is predefined during the RRC configuration state [2].  This signature pattern is unknown to other UL transmitters.  Although blind decoding of overlaid non-orthogonal signal is detected/decoded for user transmission activity, the LLS simulation results, to be presented in the next section, assumes perfectly known user channel estimation information and each signature pattern.  LSSA UL transmitter assumes parallel or successive interference cancellation (SIC) type decoding algorithm being applied to the receiver, as shown in figure 2.  Although there is no fundamental issue of letting the UE to choose any TBS or modulation and coding set, for a fair comparison to the OFDMA scheme, channel coding rate and modulation is fixed.  Figure 2 illustrates the transceiver design of LSSA, which is modulated with CP OFDM waveform.  For this example figure, target SE per UE is set as 0.25.
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Figure 2 Example of LSSA transmitter and receiver structure
Each user’s information is encoded with low-rate channel coding, and it can be optionally replaced with a slightly higher channel coding rate with simple bit-level repetition (spreading sequence). Then the output of channel encoder is bit (or symbol) level multiplexed with user specific signature, either assigned from eNB or chosen randomly by UE in a pre-assigned signature pattern pool.  
A user’s signature is a set consisted of group ID bearing RS and permutation pattern of a short length block. The short block length signature, however, does not mean the number of multiplexed UL users is limited to the length of the signature.  For example, if BPSK is used for modulating the signature, user specific signature pattern block length of 16 can be used while accommodating more than 64 simultaneous user transmission without performance degradation is possible.  User overloading feature is well supported, since the receiver separates the targeted user signal from other user’s contribution to multi-user interference (MUI) without relying on orthogonal multiplexing codes such as orthogonal CDMA spreading codes. In the simulation CP OFDM is chosen in order to exploit frequency diversity provided by wider bandwidth and achieve lower latency.  
3.2.  Per user spectral efficiency and overloading
In order to compare the efficiency of LSSA over OFDMA in a fair way, target per UE spectral efficiency (SE) is fixed for a limited number of combinations such as channel coding rate, repetition (spreading) rate, and overloading factor are considered to match a designated per user spectral efficiency.  
The user’s signature can be chosen randomly from the mobile terminal or can be assigned to the user from the network.   The LSSA can also be optionally modified to have a multi-carrier variant in order to exploit frequency diversity provided by wider bandwidth and achieve lower latency.  
It should be noted that LSSA can support asynchronous UL transmission multiplexing.  By correlating with some candidate signature patterns, the base station is able to distinguish/detect overlaid user signals even if the transmission timing is different from each other.  However, due to base station complexity, the timing difference shall be confined to predefined time value which is most likely to be the time difference between round trip delay of the cell edge user and the user closest to the base station.  
4. Link level simulation results 
In this section, uplink LLS performance of OFDMA and LSSA are compared.  The receiver antenna configuration is fixed to 1 transmit and 2 receive antenna.  Channel model is TDL-C type with delay spread of DS=1295.2ns, as defined in [3].  The average total received power is kept the same, and the SNR at eNB is defined as total received power over noise power in the given bandwidth.
4.1. Perfect power control with overload factor 150%
Following figures show LSSA BLER curves having 150% overloading factor, while spectral efficiency per UE is set to 0.25 and 0.125.  It can be observed that significant performance gain of LSSA over OFDMA is greater when per UE spectral efficiency is low.
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OFDMA (16-QAM,R=3/8,per UE SE: 1/8 (12 users))
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(a) 6 users Tx, per UE SE: 0.25                                   
(b) 12 users Tx, per UE SE: 0.125
Figure 3 BLER results of OFDMA and LSSA with 150% overloaded condition (3km/h only)
4.2. Perfect power control with overload factor 200%
Following figures show LSSA BLER curves having 200% overloading factor, while spectral efficiency per UE is set to 0.375 and 0.166.  It can be observed that significant performance gain of LSSA over OFDMA is greater when per UE spectral efficiency is low. 
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OFDMA (16-QAM,R=1/3,per UE SE: 1/6 (8 users))

LSSA (QPSK,R=1/3,SF=4,per UE SE: 1/6 (8 users))


(a) 4 users Tx, per UE SE: 0.375 
                                   (b) 8 users Tx, per UE SE: 0.166
Figure 4 BLER results of OFDMA and LSSA with 200% overloaded condition (3km/h only)
4.3. Perfect power control with overload factor 300%
Moreover, the performance gap between OFDMA and LSSA is widens if the overload factor increases.  Following figure show LSSA BLER curves having 300% overloading factor, while per UE SE is set to 0.166 and 0.0833.
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OFDMA (16-QAM,R=1/2,per UE SE: 1/6 (12 users))
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OFDMA (16-QAM,R=1/2,per UE SE: 1/12 (24 users))

LSSA (QPSK,R=1/3,SF=8,per UE SE: 1/12 (24 users))


(a) 12 users Tx, per UE SE: 0.166 
                                   (b) 24 users Tx, per UE SE: 0.0833
Figure 5 BLER results of OFDMA and LSSA with 300% overloaded condition (3km/h only)
As shown in the simulation results, BLER performance of LSSA is mostly affected by overall channel coding rate and MUI level.  In other words, the lower the overall channel coding rate the lower the average BLER.  For mMTC case, SNR operating point is usually low, especially considering the target MCL of 164dB is required, and, thus, general deployment environment leads to in favor of LSSA non-orthogonal multiple access scheme.  To be more specific, the overall channel coding rate as well as spectral efficiency per UE drastically drops.   
5. Conclusion

In this contribution, uplink LLS results are presented, and following is our proposal: 

Proposal 1: Non-orthogonal multiple access with OFDM transmission generally shows some gain over orthogonal multiple access scheme.  When overloading condition is high, LSSA shows a significant gain over OFDMA.
Proposal 2: At least for mMTC devices, LSSA scheme can be considered as a candidate for non-orthogonal multiple access scheme, supporting massive connectivity, low latency, performance advantage, and low complexity design.
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