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1 Introduction

In the previous RAN4 meeting, many contributions [1]~[7] were submitted to discuss the D2D demodulation requirements, a WF [8] captured the candidate test purposes and test setups were discussed but not got approved, because of unaligned UE behaviour and concerns on parameters. So, in this contribution, we will further discuss the D2D demodulation requirements and provide our proposals.
2 Discussion
2.1 Test purpose and test setup
Based on the previous discussions and contributions, we would like to propose a summary of test purpose and preliminary test setup for D2D demodulation performance, listed as following: 
Single D2D link demodulation performance 
· Test purpose:
· Verify BLER-SNR performance in fading channel for following D2D physical channels

· PSDCH, PSBCH, PSCCH and PSSCH

· Verify timing and frequency offset handling D2D receiver in following D2D operation scenario

· Intra-cell D2D discovery

· Synchronous inter-cell D2D discovery

· Asynchronous inter-cell D2D discovery 

· Intra-cell D2D communication with TA>0 and TA = 0

· inter-cell D2D communication with TA>0 and TA = 0

· OOC D2D communication (TA=0)
Multiple D2D link demodulation performance
· 
Test purpose

· Verify the performance of simultaneous multiple D2D reception:

· Simultaneous multiple reception in one subframe, in order to verify the UE capability to handle multiple transmission block in one subframe.

· Simultaneous multiple reception in different subframes, in order to verify the UE capability to handle the multiple link with different power level and time-frequency offset.

· 
Test setup

· multiple links in one subframe

· Fading channel

· No power imbalance between links

· Time-frequency offset between links

· Multiple links in different subframe

· Fading channel

· Power imbalance between links

· Time-frequency offset between link

Multiple D2D link SDR performance
· 
Test purpose

· Verify maximum sidelink processes and maximum TB bits per TTI
· 
Test setup

· AWGN
· No power imbalance

· Time-Frequency offset between links
Based on above summary, we propose that
Proposal 1: RAN4 should adopt the proposed test purposes and test setups for D2D demodulation requirement.

2.2 Time-frequency offset modelling
In our contribution [9], we provide detailed analysis on the default UE behaviour and time-frequency modelling with different configuration on the resource pool. While with respect to the values of time-frequency offset in demodulation requirements, we would like to provide our suggestion.

Taking intra-cell for example, based on our analysis in [9], in theory, the timing-offset between received D2D signal and received serving cell signal would be [0 CP], while taking the synchronization error for example, the timing offset become 
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. Further more, taking the channel propagation delay into consideration, the timing-offset for demodulation requirements should be
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So, regarding the different cases defined in [9], the practical time-offset modelling should be:
	Case
	Scenarios
	Time offset between received D2D signal and Reference RX Signal
	Time offset for demodulation requirement (for EPA and EVA) 

	1
	Intra-cell scenarios
	[0 CP]
	[-0.4us 4us ]

	2
	Others 
	[-CP/2  CP/2]
	[-2.5us 2.5us]


Based on the analysis, we propose that:

Proposal 2: RAN4 adopts the proposed values as time offset for demodulation requirement.
With respect to how to apply the time-offset during demodulation requirements, an candidate option is randomly and uniformly changing the time-offset during the entire testing procedure, and further study may needed.
2.3 Other configuration
Propagation channel:
Both fading channel and static channel in TS36.101 might be reused for D2D demodulation requirement, such as AWGN, EPA and EVA. For example, static channel could be used for SDR test, and fading channel could be for traditional performance requirement.

Regarding the Doppler spread, existed 5Hz/70Hz/300Hz Doppler spread should be needed, unless there is a special restriction on the D2D scenarios with high speed. Additionally, the dual mobility Doppler spectrum model could be taken into consideration.

 Proposal 3: Regarding propagation channel, it’s proposed that:

· Both fading channel and static channel could be reused, such as EPA/EVA/AWGN.

· The Doppler spread value could be reused, such as 5Hz/70Hz/300Hz. And dual mobility Doppler spectrum model could be introduced. 
3 Demodulation requirements for Discovery

In this section, we would like to provide our proposals for discovery demodulation tests and corresponding test purposes.

Based on the above analysis, Table 1 gives the summary of proposed PSDCH demodulation tests.
The UE behaviours are adopted from our contribution [9], and the time-frequency offset modelling are achieved 

Table 1: Demodulation test cases for PSDCH
	Case
	Test type
	Configuration of resource pool
	links
	Reference signal for timing and frqeuency
	TF offset between PSDCH and reference
	Others

	1
	single PSDCH performance 
	no SLSS
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us ]

+-10Hz
	1x2 low
EPA5

	2
	single PSDCH performance 
	SLSS and W2 configured
	1. serving cell – D2D RX UE

2. D2D TX UE – D2D RX UE
	Serving cell
	[-2.5us 2.5us]

+-400Hz
	1x2 low
EVA70

	3
	single PSDCH performance 
	SLSS and W1 configured
	1. serving cell – D2D RX UE

2. neighbor cell – D2D RX UE

3. D2D TX UE – D2D RX UE
	SLSS for timing (neighbor cell for timing is allowed)
Serving cell for frequency
	[-2.5us 2.5us]

+-400Hz
	1x2 low
EVA70

	4
	multi PSDCH performance in same subframe
	no SLSS
	1. serving cell-D2D RX UE

2. D2D TX UE1 – D2D RX UE

3. D2D TX UE2 – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	1x2 low

EPA5

	5
	multi PSDCH performance in different subframe
	no SLSS
	1. serving cell-D2D RX UE

2. D2D TX UE1 – D2D RX UE

3. D2D TX UE2 – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	1x2 low
EPA5

	6
	PDSCH SDR 
	no SLSS
	1. serving cell-D2D RX UE

2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	1x2 low 
AWGN


So, with the above test cases, we propose that:
Proposal 4: The demodulation requirements for PSDCH in Table 1 should be taken into consideration.
4 Demodulation requirements for Communication
In this section, we would like to provide our proposals for communication demodulation tests and corresponding test purposes.  As the PSCCH and PSSCH are always present together, they are treated together in Table 2, and PSBCH is handled in Table 3. 
PSCCH/PSSCH:
The UE behaviours are adopted from our contribution [9], and the time-frequency offset modelling are achieved in in section 2, Table 2 gives the summary of proposed PSCCH/PSSCH demodulation tests.

Table 2: Demodulation test cases for PSSCH/PSCCH
	Case
	Test type
	Configuration of resource pool
	links
	Reference signal for timing and frqeuency
	TF offset between PSDCH and reference
	Others

	1
	single SA/Data performance 
	no SLSS
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	TA=0, QPSK1/3,
EVA70

	2
	single Data performance 
	no SLSS
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	TA>0
16QAM1/2,
EPA5

	3
	single SA/Data performance 
	SLSS configured
	1. serving cell – D2D RX UE

2. D2D TX UE – D2D RX UE
	SLSS for timing (neighbor cell for timing is allowed)

Serving cell for frequency
	[-2.5us 2.5us]

+-400Hz
	TA=0,

QPSK1/3,

EVA70

	4
	single Data performance 
	SLSS configured
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	SLSS for timing (neighbor cell for timing is allowed)

Serving cell for frequency
	[-2.5us 2.5us]

+-400Hz
	TA>0

16QAM1/2,

EPA5

	5
	multi SA/Data performance in same subframe
	no SLSS
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	TA=0, QPSK1/3,

EVA70

	6
	multi SA/Data performance in different subframe
	no SLSS
	1. serving cell – D2D RX UE

 2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	TA=0, QPSK1/3,

EVA70

	7
	SA/Data SDR tests 
	no SLSS
	1. serving cell-D2D RX UE

2. D2D TX UE – D2D RX UE
	Serving cell
	[-0.4us 4us]

+-10Hz
	TA=0,
AWGN


So, we propose that:

Proposal 5: The demodulation requirements for PSCCH/PSSCH in Table 2 should be taken into consideration.
PSBCH
As the PSBCH will only be used by out-of-coverage UE to achieve the necessary information to process the D2D reception, so table 2 gives the summary of proposed PSCCH/PSSCH demodulation tests, and the test purpose is verifying the demodulation performance of PSBCH with different propagation channel.
Table 2: Demodulation test cases for PSBCH
	Test
	Channel
	Synchronization source
	Antenna and propagation channel
	Multi-links
	Time frequency power offset



	1
	PSBCH (out-of-coverage)
	D2DSS
	1x2 low fading channel 
	1. Single UE-UE link
	TBD


So, we propose that:
Proposal 6: The demodulation requirements for PSBCH in Table 3 should be taken into consideration.
5 Conclusion
In this contribution, we discuss the performance requirements for D2D receptions. Based on the analysis, we propose that:

Proposal 1: RAN4 should adopt the proposed test purposes and test setups for D2D demodulation requirement.

Single D2D link demodulation performance 
· Test purpose:

· Verify BLER-SNR performance in fading channel for following D2D physical channels

· PSDCH, PSBCH, PSCCH and PSSCH

· Verify timing and frequency offset handling D2D receiver in following D2D operation scenario

· Intra-cell D2D discovery

· Synchronous inter-cell D2D discovery

· Asynchronous inter-cell D2D discovery 

· Intra-cell D2D communication with TA>0 and TA = 0

· inter-cell D2D communication with TA>0 and TA = 0

· OOC D2D communication (TA=0)
Multiple D2D link demodulation performance
· 
Test purpose

· Verify the performance of simultaneous multiple D2D reception:

· Simultaneous multiple reception in one subframe, in order to verify the UE capability to handle multiple transmission block in one subframe.

· Simultaneous multiple reception in different subframes, in order to verify the UE capability to handle the multiple link with different power level and time-frequency offset.

· 
Test setup

· multiple links in one subframe

· Fading channel

· No power imbalance between links

· Time-frequency offset between links

· Multiple links in different subframe

· Fading channel

· Power imbalance between links

· Time-frequency offset between link

Multiple D2D link SDR performance
· 
Test purpose

· Verify maximum sidelink processes and maximum TB bits per TTI
· 
Test setup

· AWGN

· No power imbalance

· Time-Frequency offset between links
Proposal 2: RAN4 adopts the proposed values as time offset for demodulation requirement.

	Case
	Scenarios
	Time offset between received D2D signal and Reference RX Signal
	Time offset for demodulation requirement (for EPA and EVA) 

	1
	Intra-cell scenarios
	[0 CP]
	[-0.4us 4us ]

	2
	Others 
	[-CP/2  CP/2]
	[-2.5us 2.5us]


Proposal 3: Regarding propagation channel, it’s proposed that:

· Both fading channel and static channel could be reused, such as EPA/EVA/AWGN.

· The Doppler spread value could be reused, such as 5Hz/70Hz/300Hz. And dual mobility Doppler spectrum model could be introduced. 

Proposal 4: The demodulation requirements for PSDCH in Table 1 should be taken into consideration.
Proposal 5: The demodulation requirements for PSCCH/PSSCH in Table 2 should be taken into consideration.
Proposal 6: The demodulation requirements for PSBCH in Table 3 should be taken into consideration.
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