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1. Introduction
In RAN1 #94 meeting[1], random MA signature was discussed and the following agreement was achieved：
	Agreements:

· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool

· Number of potential UEs and the pool size should be reported

· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.

· Number of potential UEs and the pool size should be reported

· Realistic UE/MA signature detection should be performed.

· DMRS extension, if any

· FFS whether to align the pool size for performance evaluations.


In this contribution, we mainly discuss the evaluation methodology for random MA selection based on Pool-based and Grant-free, and introduce different Poisson arrival rate λ instead of fixed number to approach real scenario. Furthermore, we introduce the methodology into our link level platform to emulate the performance loss due to collision. At last, how to calculate false alarm based on DMRS is described.
2. Discussion on random MA signature
For NOMA，non-grant-based mechanism is very important to reduce the signaling overheads of  PDCCH and two options were agreed to further study in #94 meeting. The Option1 is pool-based, each UE randomly selects a MA signature from a pre-configured MA signature pool; Option2 is grant-free, each potential UE’s MA signature is pre-configured, just like PUSCH transmission in R15 which is semi-statically configured to operate upon the reception of higher layer parameter without the detection of an UL grant in a DCI.
Although both Options can reduce overhead and traffic latency, but BS cannot accurately predict the information of active UEs in current slot. It will result in an inability to correctly receive UE because of collision of MA signature. In order to compare the collision probability of two options, some parameters are defined as follows:
· potential UEs : N
Number of users that are resident in the current cell.
· Poisson arrival rate per UE: λ
For simplifying simulation in higher overload of NOMA, define: λ= mean Packet number/per slot/ per UE.
The duration of one slot is 1ms.

Note: if random packet number of one user in one slot is greater than 1, only one packet is allocated in this slot, and redundant packets continue to be allocated in the subsequent slots to ensure that a user can only be activated once per slot.

· Mean Active UE per slot : M
The number of active users at arbitrary slot is not fixed, whose mean value M=N*λ. We introduce different Poisson arrival rate λ instead of fixed number to approach real scenario
· Collision probability：P
The number of UE involved in collision every slot: 
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The number of activity UE every slot: 
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Then:
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In all MA signatures, it is well worth concerning DMRS resources as the channel estimation will be seriously damaged if collision occurs between DMRS ports. Hereinto, Pool size L=12 is the maximum port number of DMRS with ‘type2’, and L=24 is an extension of DMRS by scrambling identity filed based on type2.
       Table1:  selective cases for LLS 
	Potential UE

N
	Poisson arrival

rate per UE per slot
λ
	Mean Active UE

per slot

M
	Resource configuration mode
	DMRS Pool size L

	
	
	
	
	12
	24

	12
	2/3
	8
	Opt1:Pool-based
	0.4660
	0.2671

	
	
	
	Opt2:Grant-free
	0
	0

	24
	1/6
	4
	Opt1:Pool-based
	0.2761
	0.1479

	
	
	
	Opt2:Grant-free
	0.1658
	0

	
	1/3
	8
	Opt1:Pool-based
	0.4769
	0.2759

	
	
	
	Opt2:Grant-free
	0.3319
	0

	
	1/2
	12
	Opt1:Pool-based
	0.6246
	0.3835

	
	
	
	Opt2:Grant-free
	0.4987
	0


The collision probabilities under different configuration were evaluated, but the magnitude of the result cannot mirror the real performance, e.g error of block. Furthermore, we introduce the methodology of Poisson arrival into our link level platform to emulate the performance loss due to collision.
We select legacy Uplink Multi-Users MIMO as our transmission scheme which can be seen as one special NOMA scheme without introducing any special designed MA signatures and MMSE-Hard SIC as multi-user receiver [3].

[image: image4.emf]Received Signal: Y

Activity Users: G

Missed Detection 

based on DMRS

END

set CRC of users 

in G failed

Failed

success Channel 

Estimation

SINR calculation 

based on MMSE-IRC

H

Sort SINR,select strong 

highest User k in G

Equalization: MMSE-

IRC  and decoding UE 

k

Remove UE k 

from G

CRC check

Failed Right

Interference 

cancellation

Reconstruction 

signal of User k

Transmitter signal

G=[]


                                                                 Figure 1.  MMSE-hard SIC receiver 
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Figure2.  Potential UE N=12, Poisson arrival rate λ=[2/3]
[image: image6.emf]-8 -6 -4 -2 0 2 4 6

SNR

10

-3

10

-2

10

-1

10

0

I

B

L

E

R

TDL-A 4Rx ,CP-OFDM, eMBB 12PRB, BYTE=80, Mean Active User=4

Opt1,DMRS Pool=12

Opt1,DMRS Pool=24

Opt2,DMRS Pool=12

Opt2,DMRS Pool=24

Ideal Channel Est

 [image: image7.emf]-8 -6 -4 -2 0 2 4 6

SNR

10

-3

10

-2

10

-1

10

0

I

B

L

E

R

TDL-A 4Rx ,CP-OFDM, eMBB 12PRB, BYTE=80, Mean Active User=8

Opt1,DMRS Pool=12

Opt1,DMRS Pool=24

Opt2,DMRS Pool=12

Opt2,DMRS Pool=24

Ideal Channel Est


(a)  Mean Active UE per slot=4                                  (b)   Mean Active UE per slot=8
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(c)   Mean Active UE per slot=12
Figure3.  Potential UE N=24, Poisson arrival rate λ=[1/6, 1/3, 1/2]
The maximum port number of DMRS in R15 is 12, and these ports are orthogonal by spreading in frequency/time domain and FDMA. Although we can double DMRS pool by using scrambling identity filed to reduce or even eliminate collision probability, but non-orthogonal properties are introduced, the channel estimation is seriously damaged due to interference, we see error floor appears as active user increasing in figure2 (b) and figure2 (c).
Proposal 1: The following aspects need to be studied for NOMA resource collision  
· More orthogonal DMRS ports are introduced

· Preambles transmitted together with PUSCH are introduced to provide additional ways to resolve collisions.
3. False alarm threshold based on DMRS
The base station needs to check how many users are activated based on the DMRS resource, no matter implementing option1 or option2. The activity state is usually determined by detecting whether the ratio of peak power of signal to mean power of noise exceeds a certain threshold that is similar to preamble detection in PRACH. To get the threshold, there are two concepts: False alarm probability and chi-square distribution.
· False alarm probability [4]: 
The first performance measurement for DMRS resource is false alarm probability, i.e. the probability of detecting a DMRS port when none was sent.
· Chi-square distribution : 
Assuming N statistical independent Gaussian random variables 
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and they are normal distributions with mean value of 0 and variance of 1. The sum of power 
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 obeys Chi-square distribution with N degrees of freedom.
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Figure 3.  Signal detection based on DMRS resources
The ratio of path power to mean noise power in signal window
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is antenna number in receiver, 
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is length of “dmrs-AdditionalPosition” ,
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 is the path number in signal window.

Then 
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degrees of freedom, since both the real and imaginary parts of noise obey Gaussian distribution.
The false alarm probability per DMRS port:
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For all DMRS resources pool size
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, the false alarm probability of system:
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Supposing allocated PRB number 12 for SCS=15 KHz, an empirical value for 
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Table3: the theoretical value of 
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	Antenna number


	Length of “dmrs-AdditionalPosition”


[image: image26.wmf]Sn


	DMRS Pool size
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	12
	24

	2
	1
	7.8 dB
	8.06 dB

	
	2
	6.09 dB
	6.3 dB

	4
	1
	6.09 dB
	6.3 dB

	
	2
	4.65 dB
	4.83 dB


We describes how to calculate false alarm based on DMRS, however, for pool-based scenario, preamble also perform similar function as DMRS, such as activity detection and channel estimation. DMRS may not be necessary if using new structure of preamble + data. Considering length of preamble sequence is longer than DMRS, and has enough pool size (e.g L=64) to reduce collision, preamble based schemes perform better than DMRS based schemes. More simulation results will be shown in future.
Proposal 2: To improve the performance of UE activity detection, preambles transmission together with PUSCH should also be introduced. 
4. Conclusion

In this contribution, we propose that:
Proposal 1: The following aspects need to be studied for NOMA resource collision  

· More orthogonal DMRS ports are introduced

· Preambles transmitted together with PUSCH are introduced to provide additional ways to resolve collisions.
Proposal 2: To improve the performance of UE activity detection, preambles transmission together with PUSCH should also be introduced.
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Appendix

Table1:  summarizes LLS assumptions and parameters

	Parameters
	eMBB

	Carrier Frequency 

and Numerology
	4 GHz with SCS = 15 kHz, #OS = 14

	Waveform
	CP-OFDM

	Channel coding
	NR LDPC

	Allocated bandwidth
	12PRBs

	TBS per UE
	80 bytes

	BS antenna configuration
	4Rx for 4 GHz

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	Channel estimation
	realistic channel estimation

	DMRS overhead
	4/14

	MA signature allocation
	Random DMRS ports

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Other cell interference
	Not considered
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