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1. Introduction

For D2D on FDD bands, UE is required to receive the D2D channels on the FDD UL spectrum. Hence the D2D receiver characteristics when receiving on an FDD UL band will need to be specified w.r.t. the new D2D physical channels. 
In this contribution, we propose D2D reference measurement channels (RMC) for specifying the D2D receiver characteristics for D2D Rx on UL spectrum of an FDD bands.
2. Background

RMC for WAN RF characteristics: In the current LTE specification, RF receiver characteristics are evaluated with respect to two DL reference measurement channels (RMC) as specified in Section A.3.2 of TS 36.101.

a) For all Rx characteristics except maximum input level: Fully allocated, rate 1/3, QPSK modulated

b) For maximum input level: Max TBS size, target code rate 3/4, 64QAM

The rationale of using highest modulation order (64QAM), TBS size, and high target code rate (3/4) is to stress the receiver with the reference channel with highest SNR requirement and PAPR requirements, thus ensuring the maximum required dynamic range in the signal is supported even at the maximum input level.
D2D physical channels: A summary of the D2D physical channel and signals is presented in Section 6 (Appendix B). In particular, details for the data carrying physical channels (i.e., discovery channel and communications data channel) were finalized in the last RAN1 meeting (RAN1#78). These are analogous to PDSCH for WAN DL, and should be used as the RMC to specify the D2D receiver characteristics.

Table 1 below summarizes the D2D data carrying channels for discovery (PSDCH) and communications (PSSCH).
Table 1: D2D data carrying physical channels (analogous to PDSCH for WAN) [RAN1 CR to TS36.212]
	D2D mode
	Physical channel
	Modulation
	Info bits
	CRC size
	Coding
	RBs
	HARQ ReTx

	Discovery
	PSDCH
	QPSK
	224 (Note 1)
	24
	Rel-8 TC
	2
	1 
(FFS for ≥2)

	Communications (Data)
	PSSCH
	QPSK, 16QAM
	All valid per Sec. 7.1.7.2.1 of TS 36.213
	24
	Rel-8 TC
	[1,NRB]
	4
RV:{0,2,3,1}


PSDCH:

Physical Sidelink Discovery Channel

PSSCH:

Physical Sidelink Shared Channel

Note 1:

May increase by 1 byte due to additional 4 bits in discovery message requested by SA3 [S3-142355].
Further, we note the following two points that are relevant in defining and simulating the D2D RMCs.

· For D2D UE Tx, the last symbol for D2D physical channels (including PSDCH and PSSCH) is punctured, as captured in RAN1 CR to TS 36.212.
· 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. In this context, RAN4 had agreed the following for 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 RMC, first symbol will be used for AGC and cannot be used for demodulation (puncturing of first symbol from demod perspective). For 16QAM modulated D2D RMC, up to 3 initial symbols per subframe will be needed for AGC and cannot be used for demodulation.
Observation 1: We note the following two aspects that are relevant in defining and simulating the D2D RMCs:

· For D2D UE Tx, the last symbol for D2D physical channels (including PSDCH and PSSCH) is punctured.

· For D2D UE Rx, the first few symbols (1 for QPSK, 2-3 for higher order modulation) per subframe are required for AGC and cannot be used for demodulation.
3. RMC for D2D Rx characteristics

In this section, we propose D2D RMCs analogous to the way they are defined in current specifications for WAN DL.
Separate RMCs are required for D2D Discovery and D2D Communications since support of D2D discovery and D2D communications will likely be separate UE capabilities. A UE that supports both discovery and communications, can be tested against Rx RF requirements for D2D communications only (tougher due to more flexibility of D2D communications RMC and can be made same as legacy requirements – as discussed below). Discovery RMCs will be tested as a part of the demod performance requirements. 
Proposal 1: For a UE that supports both D2D discovery and D2D communications, the RF receiver characteristics for D2D communications shall apply for D2D Rx.
3.1. RMC for Discovery

For D2D discovery, the TBS, modulation, coding, etc. for discovery channel (PSDCH – physical sidelink discovery channel) is fixed (i.e., only one channel configuration), and will also be the RMC for specifying rx characteristics.
Proposal 2: For ProSe discovery on FDD bands, RMC specified in Table 2 can be used for all Rx characteristics.
Table 2: 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].


3.2. RMC for Communications

For D2D communications, all valid TBS size defined in TS 36.213 (and per UE categories) are supported. Further, both QPSK and 16QAM modulation is supported.

For Rx characteristics expect for maximum input power, D2D communications RMC can be defined similar to current WAN DL RMC by reusing the modulation (QPSK), target code rate (1/3), and TB size (4392 bits). For D2D communications, fixed TBS size can be ensured and hence the target coding rate is not mentioned in the table.

For maximum input power, we propose D2D communications RMC analogous to WAN DL RMC by changing the modulation from 64QAM to 16QAM (as 64 QAM is not supported for D2D communications. The TB size is updated accordingly as the maximum supported with 16QAM as per TS 36.213.

Proposal 3: For ProSe communications on FDD bands, RMC specified in Table 3 shall be used for all D2D Rx characteristics, except for maximum input power

Proposal 4: For ProSe communications on FDD bands, RMC specified in Table 4 and Table 5 shall be used for maximum input power.
Table 3: 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
	
	
	
	
	[50]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[QPSK]
	
	

	Transport Block Size
	
	
	
	
	[4392]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	
[14400]
	
	

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

	UE Category
	
	
	
	
	[≥ 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.


Table 4: D2D communications reference measurement channel for maximum input power for UE categories 2-8 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	[50]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[16QAM]
	
	

	Transport Block Size
	
	
	
	
	[15264]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	[28800]
	
	

	Max. Throughput averaged over 1 SA period
	kbps
	
	
	
	
	
	

	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.


Table 5: D2D communications reference measurement channel for maximum input power for UE category 1 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	[34]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[16QAM]
	
	

	Transport Block Size
	
	
	
	
	[10296]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	[19584]
	
	

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

	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.


4. Conclusions

In this paper, the following proposals are made on D2D reference measurement channels (RMCs):
(General)

Proposal 1: For a UE that supports both D2D discovery and D2D communications, the RF receiver characteristics for D2D communications shall apply for D2D Rx.

(D2D discovery)

Proposal 2: For ProSe discovery on FDD bands, RMC specified in Table 2 can be used for all Rx characteristics.

(D2D communications)

Proposal 3: For ProSe communications on FDD bands, RMC specified in Table 3 shall be used for all D2D Rx characteristics, except for maximum input power

Proposal 4: For ProSe communications on FDD bands, RMC specified in Table 4 and Table 5 shall be used for maximum input power.
TP corresponding to these proposals are included in Appendix A. 

Further, the following observation is made:

Observation 1: We note the following two aspects that are relevant in defining and simulating the D2D RMCs:

· For D2D UE Tx, the last symbol for D2D physical channels (including PSDCH and PSSCH) is punctured.

· For D2D UE Rx, the first few symbols (1 for QPSK, 2-3 for higher order modulation) per subframe are required for AGC and cannot be used for demodulation.
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6. Appendix B: D2D physical channels and signals

Table 6 below presents a high-level summary of D2D physical layer channels and signals.
Table 6: Summary of D2D physical channels and signals.

	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
	1 
(FFS for ≥2)

	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
	[1,50]
	4

RV:{0,2,3,1}

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

	
	PSSS
	ZC sequence; 2 symbols; SC-FDM without DFT precoding; Different root indices. Further details FFS.
	6 (central)
	N/A

	
	SSSS
	M sequence; Same as Rel-8 SSS; 2 symbols; SC-FDM without DFT precoding. Further details FFS.
	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


PSSS:


Primary Sidelink Synchronization Signal 


SSSS:


Secondary Sidelink Synchronization Signal 


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

7. Appendix A: TP for TR 36.877

7.1. TP for Proposal 1

Following is the TP for Proposal 1 to Section 7.1 of TR 36.877.
---- START OF TP ----
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D2D receiver characteristics 

7.1
General
Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). 

For a UE that supports both D2D discovery and D2D communications, the RF receiver characteristics for D2D communications shall apply for D2D Rx.
--- END OF TP ----
7.2. TP for Proposals 2-4

---- START OF TP ----
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Performance requirements

9.1
Reference measurement channels for D2D RF receiver characteristics

Following two aspects that are relevant in defining and simulating the D2D RMCs:

· For D2D UE Tx, the last symbol for D2D physical channels (including PSDCH and PSSCH) is punctured.

· For D2D UE Rx, the first few symbols (1 for QPSK, 2-3 for higher order modulation) per subframe are required for AGC and cannot be used for demodulation.
For ProSe discovery on FDD bands, RMC specified in Table 9.1-1 shall be used for all Rx characteristics.

Table 9.1-1: 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].


For ProSe communications on FDD bands, RMC specified in Table 9.1-2 shall be used for all D2D Rx characteristics, expect for maximum input power

Table 9.1-2: 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
	
	
	
	
	[50]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[QPSK]
	
	

	Transport Block Size
	
	
	
	
	[4392]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	
[14400]
	
	

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

	UE Category
	
	
	
	
	[≥ 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.


For ProSe communications on FDD bands, RMC specified in Table 9.1-3 and Table 9.1-4 shall be used for maximum input power, depending on UE category.

Table 9.1-3: D2D communications reference measurement channel for maximum input power for UE categories 2-8 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	]50]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[16QAM]
	
	

	Transport Block Size
	
	
	
	
	[15264]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	[28800]
	
	

	Max. Throughput averaged over 1 SA period
	kbps
	
	
	
	
	
	

	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.


Table 9.1-4: D2D communications reference measurement channel for maximum input power for UE category 1 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	[34]
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Packets per SA period
	
	
	
	
	[TBD]
	
	

	Modulation
	
	
	
	
	[16QAM]
	
	

	Transport Block Size
	
	
	
	
	[10296]
	
	

	Transport block CRC

	Bits
	
	
	
	[24]
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[4]
	
	

	Binary Channel Bits
	Bits
	
	
	
	[19584]
	
	

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

	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.


--- END OF TP ----
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