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Introduction
In the RAN1#86 meeting [1], it was agreed on multiple access that
· For UL grant-free, 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 the RAN1#86bis meeting [2], there are some agreed observations on the UL non-orthogonal MA that
· Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision.
· Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR.
· Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation.
Based on the observations on the results of UL non-orthogonal MA schemes, we found that there are some remaining issues which has not been fully studied, e.g. 1) although some non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to the collision of codebook/sequence/interleaver pattern, they have not touched the collision of preamble/RS which may have significant impact on the user identification and decoding performance; 2) timing/frequency offset is not considered in the simulations.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the RACH-less grant-free non-orthogonal multiple access (NOMA) schemes, blind multi-user detection (MUD) is necessary. Although the blind MUD including user identification, blind channel estimation and data decoding can make full use of the available time/frequency resources, the complexity is significant since all possible transmission hypotheses should be tested. Two ways can reduce the complexity: advanced digital signal processing and well-designed reference signal imbedding in the packet. In light of this, a preamble can be used as a reference signal to alleviate the burden of blind MUD while at the cost of additional overhead. In this contribution, we further discuss the preamble design for grant-free NOMA and provide some preliminary evaluation results.
Preamble design for grant-free transmission
For the NOMA use scenarios such as mMTC, massive connection and sporadic uplink biased communication with small packets per transmission require grant-free transmission [3][4]. The access procedure should be simple enough and the signalling overhead should be reduced as much as possible (RACH-less), i.e. preamble directly followed by data symbols, as illustrated in Figure 1. 
For the RACH-less grant-free NOMA transmission, a UE can autonomously choose one MA signature or time instant from a specific set of resources. On the receiver side, eNB usually has no prior information on the number of non-orthogonal users whose data are superposed on a specific time/frequency resource. The possible/potential functionalities of preamble in grant-free NOMA could be active user identification, MCS indication, timing offset (TO)/frequency offset (FO) estimation, channel estimation. Based on the preamble transmission, the complexity of decoding could be reduced since the blind detection of MCS, TO/FO, channel response can be avoided.


[bookmark: _Ref465861225]Figure 1 UL NOMA transmission including both preamble and data symbols.
Active user identification is the basic function of preamble. Each user can select one preamble sequence from a pre-defined pool of sequences with good cross-correlation property. The receiver performs blind detection to identify which preamble sequences are transmitted on the specific time/frequency resource. As analyzed in [5], the pool size of the preamble sequences should be reasonably defined to support enough number of non-orthogonal users and keep the overhead and complexity acceptable. Quasi-orthogonal sequences such as Zadoff-Chu sequence could be used for the preamble design, to support more access opportunities comparing to the orthogonal sequence. 
In order to reduce the additional overhead of RS and avoid defining the mapping mechanism between multiple preamble sequences and RS patterns, the information of TO/FO and channel estimation given by preamble can be use for the equalization and decoding of data symbols. In this case, the data symbols should not be too long comparing to the coherent time of the propagation channel. Therefore, frequency domain spreading is preferred if no dedicated RS is allocated for the MA schemes based on symbol-level spreading.
Observation 1: Preamble sequence could be considered for active user identification, MCS indication and TO/FO estimation for grant-free UL transmission.
Performance evaluations
3.1 TO/FO estimation performance
Timing/frequency offset has not been considered in the agreed simulation assumptions. Non-ideal estimation of TO/FO may have non-negligible impact on the performance of advanced receivers, e.g. error propagation in MMSE-SIC based receiver due to the non-ideal data reconstruction and interference cancellation. 
The TO/FO estimation performance is evaluated through link-level simulations based on the assumptions shown in the Appendix. Considering the trade-off between overhead and collision probability, the pool size of preamble sequences is reasonably set as 128, which occupies 1 ms and 4 PRB time/frequency resources, resulting in 50% overhead and 0.125 per UE spectrum efficiency. 
Given the assumptions that TO of each user is randomly generated between 0 and 3 sampling points, and FO is uniformly distributed between -300Hz and 300Hz, the CDF of residual error of TO and FO realistically estimated by preamble sequence can be found in Figure 2 and Figure 3 respectively. It can be found that, due to the limited resources used for preamble, the residual TO/FO is not negligible, while the performance can be enhanced when the successive interference cancellation is enabled on the multi-user detection of preamble sequences.
[image: ] 
[bookmark: _Ref465933056]Figure 2 Performance of TO estimation by preamble sequence.
[image: ]
[bookmark: _Ref465861350]Figure 3 Performance of FO estimation by preamble sequence.
Observation 2: SIC on the detection of preamble sequence can be applied to enhance the TO/FO estimation.

3.2 Considering the collision of preamble sequences
To make the preamble work for grant-free NOMA, the most significant problem is that multiple users occasionally selected the same preamble sequence, as called preamble collision. In this case, the conflicting users are not distinguishable at the receiver side and only the existence of preamble sequence might be detected. The estimated TO/FO and channel response will be the combination of the multiple users. It is unlikely to decode different users sharing the same preamble. Furthermore, the collision of preamble sequences may probably imply that the other MA signatures also collide - due to the need of a mapping mechanism between preamble sequences and other MA signatures.


Assuming that the pool size is N and M UEs share the same physical resource where each UE randomly chooses a preamble sequence from the pool, the probability of preamble collision can be calculated as  where. Some example of collision probability of given M and N can be found in Figure 4. The size of the sequence pool N should be large enough to support the target connection density and the packet arrival rate in mMTC scenarios. However, note that the size of the pool is also normally relative to the length of the preamble sequence which should not be too long in order to keep the overhead acceptable. Besides, the complexity of blind multi-user detection increases significantly as the pool size grows.
[image: ]
[bookmark: _Ref466100677]Figure 4 Probability of preamble collision.
Observation 3: The pool size of the preamble sequences should be reasonably defined to support enough number of non-orthogonal users and keep the overhead and complexity acceptable.
As shown in Table 1, the BLER performance for different UE numbers and pool sizes of preamble sequences can be analytically calculated based on the assumption that the UEs cannot be correctly decoded if they choose the same preamble sequence, and they can be 100% correctly decoded if the collision does not happen. Although in reality, this assumption is not true since one user’s signal can be possibly decoded when the collision happens if the summation of the interference from the other users is negligible or the spatial characteristic is uncorrelated, and not all the uses are guaranteed to be correctly decoded even if there is no preamble collision, the estimated BLER index can be roughly regarded as the upper-bound of additional performance loss caused by the preamble collision and can be used as a reference to reasonably configure the pool size, in order to meet the required traffic models for different use cases.
[bookmark: _Ref466056432]Table 1 Analytical BLER index for different UE numbers and pool sizes of preamble sequences.
	UE number
Pool size
	4
	8
	12
	16
	20
	24
	28
	32
	36
	40

	128
	0.0244
	0.0540
	0.0819
	0.1121
	0.1386
	0.1652
	0.1907
	0.2162
	0.2387
	0.2628

	256
	0.0126
	0.0264
	0.0415
	0.0573
	0.0714
	0.0868
	0.1003
	0.1153
	0.1290
	0.1407

	512
	0.0075
	0.0141
	0.0215
	0.0297
	0.0375
	0.0433
	0.0513
	0.0586
	0.0658
	0.0729

	1024
	0.0027
	0.0064
	0.0112
	0.0148
	0.0175
	0.0225
	0.0257
	0.0305
	0.0338
	0.0371

	2048
	0.0014
	0.0033
	0.0056
	0.0074
	0.0094
	0.0113
	0.0135
	0.0146
	0.0168
	0.0189







From the system-level aspect, the overall collision probability and the performance loss should also take into account the traffic model, since not all the UEs are transmitting signals with full-buffer. For example as indicated in [6], given the assumption of 1 million connections per km2, the probability statistics for the number of arrival packets per TTI (4ms, assuming each UE transmit one packet per TTI) for different average packet arrival time are shown in Figure 5. The expected additional performance loss in terms of packet dropping rate caused by preamble collision can be analytically estimated based on the BLER index and the probability of number of UEs sharing the same physical resource which can be calculated according to the packet size and packet arrival rate per UE, i.e., where N is the pool size and M is the number of conflicting UEs, is the BLER determined by the probability of preamble collision  and its upper-bound is estimated in Table 1, andis the probability of number of packet per TTI based on the traffic model. It should be noticed that the number of conflicting UEs is equal to the number of packet per TTI assuming that each UE’s data packet is transmitted within one TTI. While if the packet size is too large or the code rate is quite low, packet segmentation is needed and then the probability of number of conflicting UEs per TTI is further increased.
[image: ]
[bookmark: _Ref466102053]Figure 5 Probability for the number of arrival packets per TTI
The above analysis and simulation results illustrate that the performance of preamble/RS could be the bottleneck of the grant-free NOMA schemes if the preamble/RS is applied. It is necessary to consider the estimation errors of TO/FO/channel as well as preamble collision in the evaluation of grant-free NOMA schemes for further studies. Although the performance could be enhanced by allocating more resources for preamble/RS, it would cause higher overhead, receiver complexity and thus limit the spectral efficiency and access efficiency. 
Observation 4: Preamble collision and non-ideal TO/FO/channel estimation significantly impact the performance of grant-free NOMA schemes, and they should be considered in the realistic LLS and SLS.
Conclusions
In this contribution, we analyze the functionalities of preamble in grant-free transmission for UL NOMA. Based on the simulation results of TO/FO estimation and analytical performance with preamble collision, we make the following observations regarding the preamble design of grant-free NOMA:
Observation 1: Preamble sequence could be considered for active user identification, MCS indication and TO/FO estimation for grant-free UL transmission.
Observation 2: SIC on the detection of preamble sequence can be applied to enhance the TO/FO estimation. 
Observation 3: The pool size of the preamble sequences should be reasonably defined to support enough number of non-orthogonal users and keep the overhead and complexity acceptable.
Observation 4: Preamble collision and non-ideal TO/FO/channel estimation significantly impact the performance of grant-free NOMA schemes, and they should be considered in the realistic LLS and SLS.
References
[1] [bookmark: _Ref462338377][bookmark: _Ref450897411][bookmark: _Ref458761547]3GPP Chairman Notes, RAN1#86, Gothenburg, Sweden, Aug. 2016.
[2] [bookmark: _Ref465867186][bookmark: _Ref458173888]3GPP Chairman Notes, RAN1#86bis, Lisbon, Portugal, Oct. 2016.
[3] [bookmark: _Ref462945662]3GPP R1-164268, Grant-based and grant-free multiple access for mMTC, ZTE, May. 2016.
[4] [bookmark: _Ref462945258]3GPP R1-166405, Discussion on Grant-free Concept for UL mMTC, ZTE, Aug. 2016.
[5] [bookmark: _Ref462945597]3GPP R1-1608955, Considerations on the Preamble design for grant-free non-orthogonal MA, ZTE, Oct. 2016
[6] [bookmark: _Ref466107869]3GPP R1-166402, Remaining issues on multiple access evaluation assumption, ZTE, Aug. 2016
Appendix
[bookmark: _Ref465865972]Table 2 Simulation assumptions used for the evaluations of TO/FO estimation and preamble collision
	Waveform
	OFDM

	Total allocated bandwidth [RB]
	4

	Overhead
	50%, 1ms preamble + 1ms data

	Pool size of preamble sequences
	128

	MCS
	QPSK, 1/2 code rate

	Spreading factor
	4

	Spreading sequence
	Complex-valued, picked from {-1,0,1} + {-1,0,1}j

	SE [bit/RE per UE]
	0.125

	MA signature random [fixed/random]
	random

	Channel estimation 
	realistic

	Frequency offset [Hz]
	-300~300

	Timing offset [Ts]
	0~3

	Number of users in LLS
	4~12

	BS antenna configuration  
	2

	Propagation channel
	TDL-A

	Max no. of HARQ Tx
	1

	Receiver
	MMSE-SIC



image2.jpeg
Estimation error of ime offset, TDL-A, 20UE.

No Preamble SIC
With Preamble SIC

15 2 25 3
Residual TO [Ts]




image3.jpeg
Estimation error of frequency offset, TDL-A, 20UE

No Preamble SIC
With Preamble SIC

o 50 100 150 200 250 300 350
Residual FO [Hz]




image4.wmf
1

M

N

c

M

A

P

N

=-


oleObject2.bin

image5.wmf
!

()!

M

N

N

A

NM

=

-


oleObject3.bin

image6.jpeg
07

06

05

ity of preamble colision

= Podsize=512
—o— Poolsize = 1024

6 8 10 12 14 16
Number of UESs sharing the same physical resource




image7.wmf
(

)

(

)

(

)

ˆ

,

TM

M

ENENMPM

=×

å


oleObject4.bin

image8.wmf
E


oleObject5.bin

image9.wmf
c

P


oleObject6.bin

image10.wmf
TM

P


oleObject7.bin

image11.emf
0 2 4 6 8 10 12 14 16 18 20 22

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Number of Arrival Packets Per TTI

Probability

 

 

InterArrivalTime=2hours

InterArrivalTime=1hours

InterArrivalTime=30minutes

InterArrivalTime=20minutes

InterArrivalTime=15minutes


image1.emf
D P

D P

D P

D P

t

D P

D P

D P

D P

D P

UE1

UE2

UE3

UE4

. . . . . .

Preamble 

detection

Decoding with 

knowledge of 

number of active 

users and TO/FO

à

Superposed data 

symbols


oleObject1.bin
D


P


D


P


D


P


D


P


t


D


P


D


P


D


P


D


P


D


P


UE1


UE2


UE3


UE4


. . . . . .


Preamble detection


Decoding with knowledge of number of active users and TO/FO


à 



