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1 Introduction

In the previous RAN4 meeting, several contributions [1][2][3][4] were submitted for the D2D demodulation requirements, while there were few discussions on this due to the time restriction. In this contribution, with respect to the progress in RAN1 and RAN4, we would further discuss the D2D demodulation requirements, and provide our proposals. 
2 Discussion
2.1 D2D Capability
Regarding the D2D capability, based on the RAN1 agreements [2][3], the following D2D capability would be specified:

	4-1
	Discovery without D2DSS
	Support Type 1 and Type 2 discovery transmission/reception

	4-2
	Discovery with D2DSS
	1) Support Type 1 and Type 2 discovery transmission/reception
2) Support D2DSS transmission and reception

	4-3
	Communication
	1) Support Mode 1 and Mode 2 communication transmission/reception
2) Support PD2DSCH transmission and reception
3) Support D2DSS transmission and reception


So, from UE implementation point view, compared with feature 4-1, feature 4-2 is mainly used for inter-cell discovery, with additional implementation of D2D transmission/reception and synchronization procedure; meanwhile the feature 4-3 would require the UE could correctly demodulate the SA and data for communication. So, the related RAN4 performance requirements are needed to cover these three D2D capabilities.
Proposal 1: D2D performance requirements should be covered for the following D2D capabilities
· 4-1, discovery without D2DSS

· 4-2, discovery with D2DSS

· 4-3, communication 

2.2 Capability of maximum sidelink processes and transport block bits
Regarding the maximum D2D capability, based on the RAN agreements in [4], the maximum number of sidelink processes and maximum transport block size were defined as:
For D2D communication, from a receiving D2D UE perspective,

· The maximum number of Sidelink processes that a D2D UE is expected to handle is 16

· The maximum number of Sidelink transport block bits received within a TTI is set to 25456

· The maximum number of bits of a single Sidelink transport block is 25456

· SA and PD2DSCH are not included 

For D2D discovery, from a receiving D2D UE perspective, 

· The maximum number of Sidelink processes that a D2D UE is expected to handle is a UE capability which is one of {50, 400}
· The maximum number of transport block bits received within a TTI is set to 50*232
· The maximum number of bits of a single Sidelink transport block is 232 bits. 
With respect to the maximum number of sidelink transport block within a TTI, it’s similar with the sustained downlink data rate tests which are usually used to verify the UE ability to handle maximum data rate. So, from this point of view, SDR liked tests cases should also be introduced for D2D communication and discovery.
Proposal 2: D2D SDR tests should be introduced to verify the UE ability to handle maximum sidelink process and maximum data rate.
2.3 Capability of simultaneous multiple receptions
Firstly, for the purpose of modelling the time-frequency offset for D2D reception, if the D2D reception UE is in-coverage, an eNB should be simultaneously modelled as the highest priority synchronization source for the D2D receptions UE to obtain the time-frequency synchronization. Meanwhile, the configuration of discovery, communication and synchronization would be signalled from eNB by the SIB18/SIB19/dedicated RRC signal.

Proposal 3: For D2D demodulation tests, if the D2D reception UE is in-coverage, besides the evaluated D2D sidelink, the downlink signal from an eNB should be explicitly modelled at least in order to introduce reference timing and provide D2D high layer signalling. 

It’s already mentioned in WF [5] that “Further discuss the maximum number of independently tested links for D2D demodulation tests”, so, we would like to clarify the test purpose of multiple-link tests.

· In case of multiple D2D signal in one subframe, the D2D reception UE is required to receive these multiple signals, so if no corresponding test case is defined, the UE behaviour would be unpredictable, for example, UE would not attempt to decode other PRB for more SA if one SA has been successfully decoded, and then UE would miss the corresponding Data. 
· In case of multiple D2D signal in different subframes, the D2D reception UE realize the power level and time-frqeuency offset might be different between those links and should be correctly implementation to handle it.
So, based on the above analysis, we propose that:
Proposal 4: Regarding the simultaneous multiple receptions, at least two kinds of multiple-link test case should be introduced:

· 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.

2.4 Time-frequency offset
In our contribution [9], we provide detailed analysis on how to implement the time-frequency offset for different scenarios, and meanwhile we raise the issues on how to determine the UE behaviour to handle the large time-delay in intra-cell scenarios. So, we would like to take the proposals in [9] into the demodulation requirements.
2.5 Other configuration
Antenna configuration:
As 1x2 low/medium antenna configuration is used as common configuration for UE transmission and reception, so it could be reused in D2D demodulation requirement.

Proposal 5: The antenna configuration for D2D transmission and reception is 1x2 low/medium
TA configuration:
Based on the agreements of D2D communication mode 1 and mode 2, the difference is using different reference timing for PSSCH transmission, and then indicating the timing advanced TA in PSCCH. From the reception point of view, different TA values would result in according UE implementation on reception windows and channel estimation. So, we propose both mode 1 and mode 2 should be covered by demodulation requirements.

Proposal 6: For D2D communication, both mode 1 and mode 2 should be verified in demodulation requirements by setting different values of TA.
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/200Hz 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 7: 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/200Hz. And dual mobility Doppler spectrum model could be introduced. 
CP:
As discussed in our contribution [9] that different CP length would achieve the different coverage of D2D signal, and meanwhile the channel estimation algorithm should be adjusted according to different CP length. So, in order to verify the correct UE implementation, it's necessary to configure different CP length in D2D demodulation requirements:

Proposal 8: The configuration of different CP length should be verified in D2D demodulation requirements.
MCS:
For the PSBCH/PSCCH/PSDCH, the number of allocated PRB and Transmission block size is fixed, while for PSSCH, the number of PRB and TBS would depend on the scheduling. So, apparently, in order to have good test coverage, the D2D demodulation requirements of PSSCH should cover different MCS and different number of PRB allocation.

 Proposal 9: The demodulation requirements for PSSCH should contain variable TBS and PRB allocation.
Performance metric:
Currently, there is no guidance on how to determine the performance metric for different sidelink channel, so the best way of determine the metric (such as X% BLER for PSBCH/PSCCH/PSDCH and Y% maximum throughput for PSSCH) is based on the evaluation results of each sidelinks. 
Proposal 10: The performance metric for sidelink could be further studied based on the link level evaluation.
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.
Table 1: Demodulation test cases for PSDCH
	Test
	Channel
	Synchronization source
	Antenna and propagation channel
	Multi-links
	Time frequency power offset


	Others

	1
	PSDCH performance test

(intra-cell)
	Serving cell
	1x2 low EPA5/70
	1. Single eNB-UE link

2. Single UE-UE link
	0us/4.7us/15us
	variable CP

	2
	PSDCH performance test

(inter-cell)
	D2DSS
	1x2 low EVA/70
	1. Single eNB-UE link

2. Single UE-UE link
	TBD
	synchronization asynchronization

	3
	PDSCH SDR tests for maximum sidelink process and transmission block bits
	Serving cell
	1x2 low 

static channel
	1. Single eNB-UE link

2. Single UE-UE link
	TBD
	

	4 
	PSDCH multi-link tests
	Serving cell and D2DSS
	1x2 low

EPA and EVA 
	1. single eNB-UE link

2. multiple UE-UE links
	TBD
	


Regarding the above test cases, the related test purposes are:
· For test 1, verify the demodulation performance with variable time-frequency offset, propagation channel and CP
· For test 2, verify the demodulation performance only for D2D feature 4-2 with inter-cell synchronization and asynchronization cases.

· For test 3, verify the D2D capability for maximum sidelink processes and transmission block size in intra-cell scenarios.
· For test 4, verify the simultaneous multiple receptions with variable power level and time-frequency offset.
So, we propose that:
Proposal 11: The demodulation requirements for PSDCH in Table 1 should be taken into consideration.
Apparently, for the purpose of reducing the test number, the demodulation performance of single D2D link could be verified together in multiple D2D links. For example, the test 4 could contain the parts of test 1 and 2. 

Proposal 12: The single D2D link demodulation performance could be jointly tested in multiple-D2D link test cases.

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:
Based on the analysis in section 2, Table 2 gives the summary of proposed PSCCH/PSSCH demodulation tests.

Table 2: Demodulation test cases for PSSCH/PSCCH
	Test
	Channel
	Synchronization source
	Antenna and propagation channel
	Multi-links
	Time frequency power offset


	Others

	1
	PSSCH/PSCCH performance test

(intra-cell)
	Serving cell
	1x2 low fading channel
	1. Single eNB-UE link

2. Single UE-UE link
	0us/4.7us/15us


	variable TA, MCS, PRB, CP

	2
	PSSCH/ PSCCH performance test

(inter-cell)
	D2DSS
	1x2 low fading channel
	1. Single eNB-UE link

2. Single UE-UE link
	TBD
	synchronization asynchronization

	3
	PSSCH/ PSCCH performance test

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

	4
	PDSCH SDR tests for maximum sidelink process and transmission block bits
	Serving cell
	1x2 low 

static channel
	1. Single eNB-UE link

2. Single or multiple UE-UE link
	TBD
	

	5 
	PSDCH/PSCCH multi-link tests
	Serving cell and D2DSS
	1x2 low

fading channel
	1. one eNB-UE link

2. several UE-UE links
	TBD
	


Regarding the above test cases, the related test purposes are:
· For test 1/2, verify the demodulation performance for intra-cell and inter-cell scenarios, with variable time-frequency offset, propagation channel, TA values, MCS, PRB allocation, CP.

· For test 3, verify the demodulation performance for out-of-coverage scenarios, in which the reference cellular downlink signal is not present.

· For test 4, verify the D2D capability for maximum sidelink processes and transmission block size in intra-cell scenarios.

· For test 5, verify the simultaneous multiple receptions with variable power level and time-frequency offset.
Apparently, as the PSCCH decoding is functionally verified in PSSCH demodulation requirements, so the number of test cases for PSCCH could be down-selected in Table 2. 
So, we propose that:

Proposal 13: 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 14: 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: D2D performance requirements should be covered for the following D2D capabilities
· 4-1, discovery without D2DSS

· 4-2, discovery with D2DSS

· 4-3, communication 

Proposal 2: D2D SDR tests should be introduced to verify the UE ability to handle maximum sidelink process and maximum data rate.

Proposal 3: For D2D demodulation tests, if the D2D reception UE is in-coverage, besides the evaluated D2D sidelink, the downlink signal from an eNB should be explicitly modelled at least in order to introduce reference timing and provide D2D high layer signalling. 

Proposal 4: Regarding the simultaneous multiple receptions, at least two kinds of multiple-link test case should be introduced:

· Simultaneous multiple reception in one subframe, in order to verify the UE capability to handle multiple transmission block within 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.
Proposal 5: The antenna configuration for D2D transmission and reception is 1x2 low/medium
Proposal 6: For D2D communication, both mode 1 and mode 2 should be verified in demodulation requirements by setting different values of TA.
Proposal 7: 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/200Hz. And dual mobility Doppler spectrum model could be introduced. 

Proposal 8: The configuration of different CP length should be verified in D2D demodulation requirements.
Proposal 9: The demodulation requirements for PSSCH should contain variable TBS and PRB allocation.

Proposal 10: The performance metric for sidelink could be further studied based on the link level evaluation.

Proposal 11: The demodulation requirements for PSDCH in Table 1 should be taken into consideration.
Proposal 12: The single D2D link demodulation performance could be jointly tested in multiple-D2D link test cases.

Proposal 13: The demodulation requirements for PSCCH/PSSCH in Table 2 should be taken into consideration.
Proposal 14: The demodulation requirements for PSCCH/PSSCH in Table 2 should be taken into consideration.
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