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Introduction
In RAN1 #86bis meeting, the decoding capabilities of V-UE are discussed, and archived the following conclusions [1]:
	Conclusion:
· A UE is not expected to try to decode more than N1 RBs in a subframe
· Further discussion the value of N1 (e.g., 100, 138 or 150)
· A UE is not expected to try to decode more than N2 PSCCHs in a subframe
· Further discussion the value of N2 (e.g., 10 or 20)
· Further discussion this week whether or not to introduce the specific rule(s) to ensure that transmissions from a given UE are not systematically dropped, and if so, the rule(s)
For the further discussion parts above, continue discussion next meeting.



In this contribution, we will further discuss the PSCCH decoding numbers in a subframe, and share our opinions on this topic. 
Discussion
In Rel-12 D2D, a UE is not expected to decode more than 50 PSCCHs in a subframe. In order to make quick progress on V2X product, it is desirable that the processing complexity for PSCCH blind decoding in V2X UE shall be almost similar as that in D2D UE, and the chipset of D2D UE can be reused in V2V UE. 
Proposal 1: The processing complexity for PSCCH blind decoding in V2V UE shall be similar as that of D2D UE.
Comparing with D2D UE, the V2V UE will introduce extra frequency offset estimation and frequency offset correction operation due to the higher speed and higher carrier frequency, which will greatly increase the processing complexity.  The extra processing in V2X is illustrated in Figure 1. 


Figure 1: The framework of V2V PSCCH detection
The frequency offset estimation algorithm is described as following:
a) Through the front-end processing, the frequency domain signal within system bandwidth can be obtain.  
b) Timing offset estimation of a target PSCCH channel:
· Employing the frequency channel estimation to obtain the phase offset in each DMRS RE. 
· Employing 64 points IFFT to transform the phase offsets into time-domain, and estimate the time delay T_delta. 
c) Frequency offset estimation of the target PSCCH channel:
· Sequence 1: Employing 64 points IFFT to transform the original received DMRS signal into time domain.
· Sequence 2: Obtain the DMRS sequence in time-domain, and cyclic shift the sequence according to T_delta.
· Employing the dot product between the sequence 1 and 2, and estimate the frequency offset F_delta.

The frequency offset correction algorithm is described as following:
a) Transform all the OFDM symbols within the target PSCCH channel into time-domain by 64 points IFFT.
b) Frequency offset correction is done in each time-domain sample according to F_delta.
c) And then employing 64 points FFT to transform the correction signal into frequency domain. 

The processing complexity between D2D and V2X are compared with the evaluation assumption in Table 1. And the calculation formula for number of complex multiplications and complex additions are provided in Table 2, which ignores the processing complexity due to detection block in Figure 1, since the convolution decoder can employed by accelerator in chipset.  
Table 1: PSCCH detection complexity evaluation assumptions of D2D and V2X
	
	Rel-12 D2D
	V2X

	PSCCH number (N_PSCCH)
	50
	10, 20

	Subcarrier number for each PSCCH (N_subcarrier)
	12
	24

	Antenna number (A)
	2
	2

	DMRS OFDM symbols (N_DMRS)
	2
	4

	Data OFDM symbols (N_Data)
	10
	8

	FFT size for Front-end processing (N_FFT)
	1024(10MHz)
	1024(10MHz)

	FFT size for frequency offset estimation and correction (M1_FFT)
	None
	64

	FFT size for frequency offset correction (M2_FFT)
	None
	64



Table 2: Calculation formula for number of complex multiplications and complex additions
	
	Number of complex multiplications
	Number of complex additions

	Front-end Processing
	A*(N_Data+N_DMRS)*(N_FFT/2* log2N_FFT+N_FFT+ 1)
	A*(N_Data+N_DMRS)*(N_FFT* log2N_FFT+2* N_FFT -1)

	V2V specific processing
	N_PSCCH *A* N_DMRS * ( M1_FFT*log2M1_FFT+1.5*  M1_FFT +2* N_subcarrier)+
N_PSCCH *A* (N_DMRS+ N_Data) * ( M2_FFT*log2M2_FFT+ M2_FFT)
	N_PSCCH *A* N_DMRS * ( 2*M1_FFT*log2M1_FFT+0.5* M1_FFT-1)+ N_PSCCH *A* (N_DMRS+ N_Data) * 2* M2_FFT*log2M2_FFT

	Channel estimation and equalizer
	N_PSCCH*A*N_subcarrier *[ N_DMRS * (N_subcarrier + 2)+ N_Data]+ N_PSCCH * N_Data *N_subcarrier*(A*2+1)
	N_PSCCH*A*N_subcarrier *[ N_DMRS * (N_subcarrier - 1)+ 2*N_Data]+ N_PSCCH * N_Data *N_subcarrier*[(A-1)*2+1]

	IDFT
	N_PSCCH * N_Data *N_subcarrier *N_subcarrier
	N_PSCCH * N_Data *N_subcarrier *(N_subcarrier-1)



Table 3: Calculation results for number of complex multiplications and complex additions
	
	Rel-12 D2D
	V2X (10 PSCCH)
	V2X (20 PSCCH)

	
	Number of complex multiplications
	Number of complex additions
	Number of complex multiplications
	Number of complex additions
	Number of complex multiplications
	Number of complex additions

	Front-end Processing
	147480
	294888
	147480
	294888
	147480
	294888

	V2V specific processing
	0
	0
	149760
	248240
	299520
	496480

	Channel estimation and equalizer
	104400
	94800
	109440
	101760
	218880
	203520

	IDFT
	72000
	66000
	46080
	44160
	92160
	88320

	Total
	323880
	455688
	452760
	689048
	758040
	1083208

	Increased complexity than D2D UE
	
	
	39.8%
	51.2%
	134.1%
	137.7%



The number of complex multiplications and complex additions for Rel-12 D2D and V2X with 10 or 20 PSCCH channels are provided in Table 3. In case of V2X with 10 PSCCH channels, the number of complex multiplications will be increased almost 40%, and the number of complex additions will be increased almost 51%. And in case of V2X with 20 PSCCH channels, the number of complex multiplications will be increased almost 134%, and the number of complex additions will be increased almost 138%. Therefore, we suggest that the number of PSCCH candidates shall not exceed 10 in a subframe. And one simple way to solve this issue is that system shall not configure more than 10 subchannels in a subframe. 
Proposal 2: 
· The number of PSCCH candidate shall not exceed 10 in a subframe, and system shall not configure more than 10 subchannels in a subframe.
· Send LS to RAN2.
Conclusion
In this contribution, the processing complexities due to PSCCH blind decoding in V2X are discussed and evaluated. Particularly, we have following proposal:
Proposal 1: The processing complexity for PSCCH blind decoding in V2V UE shall be similar as that of D2D UE.
Proposal 2: 
· The number of PSCCH candidate shall not exceed 10 in a subframe, and system shall not configure more than 10 subchannels in a subframe.
· Send LS to RAN2.
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