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1. Introduction

In this contribution, we discuss the demodulation performance requirements for D2D discovery and communications. This contribution is organized as follows:
· Section 2 provides an overview of the D2D demodulation performance work required in RAN4

· Section 2.1 provides an overview of the D2D physical channels

· Section 2.2 summarizes the agreed D2D RMCs for RF characteristics

· Section 2.3 provides a suggested work plan

· Section 3 provides the details on the test/simulation considerations

· Section 4 provides a preliminary proposal on the test cases for D2D performance requirements

· Appendix A provides some initial simulation results for the agreed RMCs for D2D REFSENS
2. D2D demodulation performance
2.1. Overview of D2D physical channels

Table 1 below presents a high-level summary of D2D physical layer channels. 
Table 1: Summary of D2D physical channels.

	D2D Physical Channels and Signals
	Info Bits
	CRC Size
	Coding
	Modulation
	PRBs
	HARQ ReTx

	Discovery
	PSDCH
	224 (Note 1)
	24
	Rel-8 TC
	QPSK
	2
	Configurable b/w 0,1,2,3.
RV:{0,2,3,1}

	Communications
	PSCCH
	32 (1.4 Mhz)

34 (3 Mhz)

34 (5 Mhz)

38 (10 Mhz)

39 (15 Mhz)

40 (20 Mhz)
	16
	Rel-8 TBCC
	QPSK
	1
	2

RV:{0,0}

	
	PSSCH
	All valid per Sec. 7.1.7.2.1 of TS 36.213
	24
	Rel-8 TC
	QPSK, 16QAM
	All valid PUSCH mappings
	4

RV:{0,2,3,1}

	Synchronization
	PSBCH
	FFS
	16
	Rel-8 TBCC
	QPSK
	6 (central)
	N/A

	Legend:


PSDCH:

Physical Sidelink Discovery Channel


PSCCH: 

Physical Sidelink Control Channel


PSSCH:

Physical Sidelink Shared Channel


PSBCH:

Physical Sidelink Broadcast Channel 


Note 1:
May increase by 1 byte due to additional 4 bits in discovery message requested by SA3 [S3-142355].

In addition to the physical channels above, two new D2D physical signals are also introduced (PSSS: Primary Sidelink Synchronization Signal; and SSSS: Secondary Sidelink Synchronization Signal) for the purpose of D2D synchronization. The D2D physical signals PSSS and SSSs mimic the legacy PSS and SSS signals, respectively.
2.2. Agreed RMC for D2D RF characteristics

In RAN4#72bis, the reference measurement channels (RMC) for specifying the D2D RF characteristics were agreed in R4-146785. Further, we have proposed some updates to the RMCs in our companion contribution R4-146973. Following is a summary and rationale behind the agreed RMCs for D2D RF characteristics.
The agreed D2D RMCs mimic the existing RMCs for legacy WAN Rx characteristics:
· For D2D discovery (PSDCH)

a) Only one message size is valid as indicated in Table 1, and is used for all Rx characteristics.
· For D2D communications (PSSCH)
a) For all Rx characteristics except maximum input level: Fully allocated, rate ~1/3, QPSK modulated (similar to existing legacy WAN RMC as specified in Table A.3.2-1 of Section A.3.2 [TS 36.101]).
b) For maximum input level: Max TBS size, target code rate ~3/4, 16QAM (similar to existing legacy WAN RMC as specified in Tables A.3.2-3/A.3.2-3a/A.3.2-3b of Section A.3.2 [TS 36.101]).
The agreed RMC are for D2D Rx on FDD bands. For TDD bands, it’s under discussion in RAN4 RF if any additional requirement are needed for D2D Rx on TDD bands (e.g., R4-146972). Nonetheless demodulation performance requirements can be defined for the same RMCs for D2D Rx on TDD bands.

The demodulation performance of RMCs in (a) above will be required to define the D2D REFSENS (for FDD bands). Hence it is proposed to prioritize the demodulation performance work the agreed RMC for REFSENS in R4-146785. The agreed RMC for REFSENS are included in the Appendix for completeness.
Proposal 1: RAN4 to prioritize demodulation performance work for the agreed RMC needed to define D2D REFSENS.
2.3. Suggested work plan

Table 2 below presents the suggested work plan in RAN4 for D2D demodulation performance.
Table 2: Suggested work plan for D2D demodulation performance

	Meeting
	Suggested work plan for D2D demodulation performance

	RAN4 #73
	· Agree on test/simulation parameters for agreed RMC needed for D2D REFSENS. 

· Rapporteur to initiate email discussion to align simulation results prior to RAN4#74

· Discuss candidate demodulation test cases for D2D 

	RAN4 #74
	· Agree on simulation results (with impairment margins) for RMC for D2D REFSENS

· Agree on demodulation test cases for D2D 

· Rapporteur to initiate email discussion to align simulation results prior to RAN4#74bis

	RAN4 #74bis
	· Agree on simulation results (with impairment margins) for D2D demodulation test cases


Observation 1: Suggested work plan for D2D demodulation performance requirements is presented in Table 2.

3. Considerations on test / simulation parameters

In this section, we present some discussion on the test/simulation parameters required for D2D. Summary of the proposals is then presented at the end.
AGC: For D2D UE Rx, one-shot AGC will be required every subframe since there is no single point of transmissions (unlike WAN DL) and variations of received power over subframes cannot be predicted. This aspect has been discussed in RAN4 RF during the D2D study item, and the following was agreed on AGC settling time [R4-141241]:
· For QPSK, AGC implementation based on energy estimation can settle within one LTE symbol (up to 70us).

· For higher-order modulation, additional AGC settling time (e.g., 2-3 symbols overall) may be required to achieve acceptable accuracy.
Thus for QPSK modulated D2D transmissions, first-symbol will be used for AGC and cannot used for demodulation (e.g., set LLRs corresponding to first symbol equal to zero). For 16QAM modulated D2D transmission, RAN4 should agree if first two or three symbols should be used for AGC.
Tx puncturing of last symbol for D2D: Note that for D2D transmissions, the last symbol for D2D physical channels is punctured (not rate-matched) as agreed in RAN1. This aspect is highlighted for information since it deviates from legacy transmissions and should not be overlooked in simulations.
Tx EVM: Tx EVM of 6% has been assumed in RAN4 for demodulation performance requirements of WAN DL channels (QPSK. 16QAM, and 64QAM). For D2D Rx, the transmitter is another UE instead of the eNodeB. In terms of minimum requirements, the Tx EVM requirements for both eNodeB and LTE UE are 17.5% and 12.5% for QPSK and 16QAM, respectively. However, in practice, it is reasonable to assume that the Tx EVM performance of an UE will be inferior to that of an eNodeB. Hence RAN4 should consider a higher Tx EVM for D2D demodulation performance requirements (e.g., 10%).
Propagation channels: For D2D demodulation performance testing, two links will be present (to eNodeB and to the D2D Tx UE). For D2D link, the current propagation channels models (used in existing demodulation tests) can be reused. For the eNodeB link, static propagation conditions can be maintained for all D2D demodulation tests.
Frequency/timing error: Given the two links (one to the eNodeB and another to the D2D Tx UE), the relative frequency and timing error between the eNodeB and D2D Tx will have to be specified. The D2D Rx UE camped on the eNodeB will derive its timing and frequency from the eNodeB. Thus for the purpose of demodulation tests, the frequency and timing error between the eNodeB and D2D Tx UE will need to be specified. For the purpose of RF Rx characteristics, the timing and frequency error can be kept minimal (ideally 0). 
HARQ retransmissions and Soft combining: In the legacy requirements, the D2D Rx characteristics are tested with RMC without HARQ retransmissions (Section A.3.2 of TS 36.101) and correspondingly the throughput checkpoint is 95%. Demodulation performance requirements use reference channels with maximum HARQ retransmissions of four (e.g., Section 8.2 of TS36.101). Similar methodology can be adopted for D2D.

For D2D transmissions, blind HARQ transmissions are supported. For D2D discovery, the number of blind HARQ retransmissions is configurable between 0, 1, 2, or 3. For D2D communications, the number of blind HARQ retransmissions is fixed to 4. Thus for the purpose of RF Rx characteristics, the number of blind HARQ retransmissions for D2D discovery can be configured to 0. For demodulation performance test, HARQ retransmissions can be configured, but further discussion on soft-combining is required.

For soft-combining of HARQ retransmissions, RAN1 has informed RAN4 of its agreements in the LS [R1- 144523]. From the LS, we note the following agreements with regard to soft-combining:
· Soft-buffer management is up to UE implementation. Based on UE implementation of soft buffer, the UE may either prioritize PDSCH reception over D2D discovery reception, or discovery message may not be combined.
· Soft-combing of D2D discovery message cannot be assumed when the UE’s soft-buffer is also being used for PDSCH reception. Moreover, UE may drop discovery reception altogether in that case.
· Joint channel estimation for D2D discovery retransmissions should not be assumed.
From the above, two options are possible for RAN4 demodulation performance tests:

For D2D discovery

· Option 1: No minimum requirements with soft-combining of D2D discovery message

· Option 2: Soft-combining of D2D discovery message is tested only in RRC_IDLE (plus test procedure should ensure no overlap with paging reception, cell reselection requirements do not affect D2D operation, etc.) 

For D2D communications
· It can likely be assumed that the UE is capable of soft-combining of communications channels (SA and data).
RRC State / WAN-D2D concurrency: As discussed in the discussion above on soft-combining, we further discuss the WAN-D2D concurrency aspect for D2D demodulation performance tests. In our view, it is fundamentally difficult to test D2D performance with concurrent WAN reception. This is because the UE is expected to prioritize WAN reception (in terms of soft-buffer management) and WAN transmissions (in case of time domain conflict) over D2D reception. Even assuming separate soft-buffer for D2D and WAN, the ACK/NACK transmissions corresponding to the WAN DL will interrupt the D2D reception as WAN UL is prioritized in those cases.
Since WAN is prioritized over D2D in many aspects (WAN Tx over D2D, WAN RRM over D2D, soft-buffer management), D2D performance demodulation requirements can possibly be tested only in RRC_IDLE state while ensuring no concurrency with WAN. No concurrency with WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).
UE category: The maximum aggregate data rate that a D2D UE is expected to receive is not yet been agreed in RAN1. Hence as noted in our companion paper on updates to the RMC for D2D Rx characteristics (in R4-146973), the TBS sizes for the agreed RMCs are derived using the existing limitations on TBS size per UE category as applicable for LTE. This can be revisited when RAN1 concludes on the maximum aggregate data rate requirements for D2D.
Doppler spectrum: Two aspects are discussed here: (a) mobility requirements for D2D, and (b) Doppler spectrum. Consistent with the simulation assumption in TR 36.843, it is proposed that demodulation performance requirements are tested for:
· D2D discovery: pedestrian speeds (3km/hr)
· D2D communications: pedestrian and vehicular speeds (up to 60km/hr)
The Doppler spectrum for D2D link differs from UE-eNodeB link due to dual-mobility. As summarized in [R1-132341], the autocorrelation function with dual mobility is 
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resulting from single-ended UE mobility. The shape of the spectrum differs as a function of a = f2/f1 (ratio of speeds of the D2D UEs), and is given as
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For the purpose of demodulation performance tests, however, the classical Doppler spectrum can be reused for simplicity.
Performance metric: (BLER vs. Throughput) In Rel-12, there is feedback (Ack/Nack) channel defined corresponding to D2D transmissions. Hence a loop back mode will be needed to test the D2D performance (similar to MBMS). However, unlike MBMS, the throughput metric can still be reused since the TBS size can be fixed throughput the demodulation test (no dynamic reduction in the TBS size due to multiplexing with other WAN DL channels; both metrics are equivalent if fixed TBS size can be maintained).
Table 3 below summarizes these observations and proposals on test/simulation parameters for D2D demodulation performance requirements. 

Table 3: Summary of proposals on test/simulation parameters for D2D

	D2D Test/Simulation parameter
	Proposals

	
	Rx RF characteristics
	For demodulation performance requirements

	AGC settling time
(not used for demodulation) 
	QPSK: 1 symbol

16QAM: 2 symbols

	Tx EVM
	10%

	UE RRC state
	RRC_IDLE

No concurrency between D2D and WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).

	Propagation channel
	Static 
	Discovery: EPA5

Communications: EPA5, EVA70 

1x2 low antenna correlation

	Doppler spectrum
	N/A
	Classical Jakes

	Timing error 
(eNodeB DL and D2D Tx)
	Should be kept small ([±12Ts])
	FFS ([±1us])

	Frequency error

(eNodeB UL and D2D Tx)
	Should be kept small ([±10 Hz])
	FFS ([±250Hz])

	HARQ retransmissions
	Discovery: 0
Communications: 3
	Discovery: 0 (with Option 1 below)
Communications 3

	Soft-combining 
	Option 1: No minimum requirements with soft-combining for D2D

Option 2: Assume UE capable of soft-combining in RRC_IDLE (along with test procedure constraints to ensure no D2D-WAN concurrency)

For D2D discovery: Option 1

For D2D communications: Option 2
Note: Joint-channel estimation over HARQ retransmission is not performed.

	Performance metric
	Throughput


Observation 2: Proposals on simulation and test parameters for D2D demodulation performance requirements are presented in Table 3.
4. Test cases for D2D demodulation performance 

Table 4 below summarizes our view on the possible test cases for D2D demodulation performance requirements. For completeness, we have also included the demodulation simulations needed for REFSENS / Rx RF characteristics (that should be prioritized in RAN4).

Table 4: Test cases for D2D demodulation performance

	Demodulation performance for REFSENS / Rx RF characteristics

	D2D Mode
	Test
	Channel
	Bandwidth
	RMC
	Propagation Channel

	
	
	
	
	Modulation, TCR
	Reference
	

	Discovery
	1
	PSDCH
	5 MHz
	QPSK, info bits 224 bits (may increase to 232), 2 PRBs
	Table 2 in R4-146785
	Static 

	
	
	
	10 MHz
	
	
	

	
	
	
	15 MHz
	
	
	

	
	
	
	20 MHz
	
	
	

	Communications
	2
	PSSCH
	5 MHz
	QPSK, TCR 1/3
	Table 3 in R4-146785
	

	
	
	
	10 MHz
	QPSK, TCR 1/3
	
	

	D2D demodulation performance test cases

	D2D Mode
	Test
	Channel
	Bandwidth
	RMC
	Propagation Channel

	
	
	
	
	Modulation, TCR
	Reference
	

	Discovery 
	1
	PSDCH
	5, 10, 15, 20 MHz
	QPSK (discovery message)
	Table 2 in R4-146785
	EPA5

	Communications
	2
	PSSCH
	5, 10 MHz
	16QAM, TCR 1/2
	FFS
	EVA70

	
	3
	PSCCH
	
	QPSK (SA message)
	Table 1 (this doc)
	EVA70

	
	4
	PSBCH
	
	QPSK (synch message)
	Pending RAN1 decision
	EPA5


Observation 3: Proposals on test cases for demodulation performance requirements are presented in Table 4.
5. Conclusions

In this paper, we present our proposals and observations on D2D performance requirements.
Proposal 1: RAN4 to prioritize demodulation performance work for the agreed RMC needed to define D2D REFSENS.

Observation 1: Suggested work plan for D2D demodulation performance requirements is presented in Table 2.

Observation 2: Proposals on simulation and test parameters for D2D demodulation performance requirements are presented in Table 3.
Observation 3: Proposals on test cases for demodulation performance requirements are presented in Table 4.
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7. Appendix A: RMC for REFSENS
Table 5 and Table 6 below show the agreed RMC to be used for REFSENS for D2D discovery and D2D communications, respectively, from R4-146785. In addition, the RMC for 5MHz for D2D communication is also included (as track changes) as proposed in our companion contribution R4-146973.
D2D Discovery

Table 5: D2D discovery reference measurement channel for receiver requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth

	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	[2]
	[2]
	[2]
	[2]

	Subcarriers per resource block
	
	
	
	12
	12
	12
	12

	Allocated subframes per Discovery period
	
	
	
	[1]
	[1]
	[1]
	[1]

	Modulation
	
	
	
	QPSK
	QPSK
	QPSK
	QPSK

	Transport Block Size
	
	
	
	[224]
	[224]
	[224]
	[224]

	Transport block CRC

	Bits
	
	
	[24]
	[24]
	[24]
	[24]

	Maximum number of HARQ transmissions
	
	
	
	[1]
	[1]
	[1]
	[1]

	Binary Channel Bits
	Bits
	
	
	[576]
	[576]
	[576]
	[576]

	Max. Throughput averaged over 1 Discovery period
	kbps
	
	
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	UE Category
	
	
	
	[≥ 1]
	[≥ 1]
	[≥ 1]
	[≥ 1]

	Note 1:
For PSDCH transmission, the last symbol shall be punctured as per TS 36.211.
Editor’s Note: Throughput (in kbps) will depend on discovery period configuration. 

Editor’s Note: Further details for specifications will be required (e.g., discovery pool configuration, etc.). However, the above details are sufficient to simulate the RMCs.

Editor’s Note: TBS size may increase by 1 byte due to additional 4 bits in discovery message requested by SA3 [S3-142355].


D2D Communications

Table 6: D2D communications reference measurement channel for receiver requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	[25]
	[50]
	
	

	Subcarriers per resource block
	
	
	
	12
	12
	
	

	Packets per SA period
	
	
	
	[TBD]
	[TBD]
	
	

	Modulation
	
	
	
	[QPSK]
	[QPSK]
	
	

	Transport Block Size
	
	
	
	[2216]
	[4392]
	
	

	Transport block CRC

	Bits
	
	
	[24]
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	[4]
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	[7200]
	
[14400]
	
	

	Max. Throughput averaged over 1 SA period
	kbps
	
	
	[TBD]
	[TBD]
	
	

	UE Category
	
	
	
	[≥ 1]
	[≥ 1]
	
	

	Note 1:
For PSSCH transmission, the last symbol shall be punctured as per TS 36.211.

Editor’s Note: Throughput (in kbps) will depend on discovery period configuration. 

Editor’s Note: Further details for specifications will be required (e.g., SA and data pool configuration, etc.). However, the above details are sufficient to simulate the RMCs.


7.1. Simulation results

The following figures present our initial results for link level demodulation performance of D2D discovery and communications RMCs listed in Table 5 and Table 6 above. The timing and frequency error are assumed to be 0 us and 0 Hz, respectively.
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Figure 1: Link kevel demodulation performance of D2D Discovery RMC for REFSENS
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Figure 2: Link level demodulation performance of D2D Communications RMC for REFSENS (10MHz)
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