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1. Introduction

In this document, we provide our proposals on the UE RF core requirements for D2D. Impact on existing WAN requirements that arise from supporting D2D (discovery and/or communications) on a certain band is also discussed. This document extends on the initial assessment on the UE RF core requirements presented in R4-142223 [3]. 
2. Background

In this section, we provide a brief overview of the agreements made for D2D that have RF implications for a D2D UE. The following agreements have been made in RAN1:
Table 1: Overview of D2D Agreements and their RF implications

	Agreements (from TR 36.843 [1] and RAN1 Chairman’s notes [4])
	UE RF implications

	On spectrum usage

· D2D operates in uplink spectrum (in the case of FDD) or uplink sub-frames of the cell giving coverage
	For FDD, UE is required to receive on the uplink spectrum

	On multiplexing constraints (from UE’s perspective)
· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

· D2D signal reception and uplink WAN transmission do not use full duplex on a given carrier
· For multiplexing of a D2D signal and WAN signal on a given carrier: FDM shall not be used; TDM can be used.
	Half-duplex operation for
· D2D Tx and Rx
· D2D Rx and WAN Tx

TDM between D2D Tx and WAN Tx 

	On D2D physical channels
· D2D data channels: Includes discovery, scheduling assignment (SA), and communication data

· Uses SC-FDMA and PUSCH structure

· Transmission gap of 1 symbol at the end of subframe (for both communications and discovery) is present in some cases. Gap is created by puncturing.
· Data physical channels not yet named.

· D2D Synchronization signal (D2DSS)
· Comprises of Primary D2D Synchronization Signal (PD2DSS), where PD2DSS is a Zadoff Chu sequence

· May comprise of a Secondary D2D Synchronization Signal (SD2DSS), where SD2DSS is a M sequence

· Physical D2D Synchronization Channel (PD2DSCH): Requirement not finalized. Likely to reuse PUSCH structure.
	D2D transmitter characteristics likely not impacted due to D2D physical channels.



3. RF core requirements for D2D: Overview
In this section, we review all the current UE RF core requirements from TS 36.101 from the viewpoint of identifying the requirements that may be impacted for D2D. The impact is briefly highlighted in Table 2, and then discussed in further detail in the later subsections, if required. 
Table 2: Overview of proposals on UE RF core requirements for D2D

	Requirement
	Sub-clause
	Section (in TS36.101)
	Impact for D2D / discussion

	General

	Operating bands
	5.5
	Editorial changes needed.

D2D will operate in the UL operating bands of the E-UTRA bands defined.

	Channel bandwidths
	5.6
	No change

	Channel arrangement
	5.7
	No change

	Transmitter Characteristics

	Transmit power
	Maximum output power
	6.2.2
	No change
FFS is relaxation for both WAN and D2D is required for FDD bands.

	
	Maximum output power for modulation/channel bandwidth
	6.2.3
	Editorial changes needed

Specify that for D2D physical channels, the MPR is according to that specified for PUSCH with same modulation and transmission BW.

	
	Maximum output power with additional requirements
	6.2.4
	No change

	
	Configured transmit power
	6.2.5
	No change
Some editorial changes to refer to the correct sections of 36.101 may be needed.

	Output power dynamics
	Minimum output power
	6.3.2
	No change

	
	Transmit OFF power
	6.3.3
	No change

	
	ON/OFF mask
	6.3.4
	No change.
Additional specifications for D2D physical channels need to be specified.

	
	Absolute power tolerance
	6.3.5.1
	No change

	
	Relative power tolerance
	6.3.5.2
	Existing requirements can likely be reused.

For D2D communications (SA and data) may need to be specified when power control details are finalized in RAN1.

For D2D discovery, there is no relative power control currently defined or under discussion.

	
	Aggregate power control tolerance
	6.3.5.2
	Existing requirements can likely be reused.

For D2D communications (SA and data) may need to be specified when power control details are finalized in RAN1.

For D2D discovery, there is no relative power control currently defined or under discussion.

	Transmit signal quality
	Frequency Error
	6.5.1
	No change (for eNodeB as synchronization source)
For D2D, current requirements can be reused when another UE is chosen as a synchronization source.

	
	Error Vector Magnitude
	6.5.2.1
	Editorial changes needed.

Specify that for D2D physical channels, the EVM is according to that specified for PUSCH with same modulation and transmission BW.

	
	Carrier Leakage
	6.5.2.2
	No change

	
	In-band Emissions
	6.5.2.3
	Editorial changes needed.

Specify that for D2D physical channels, the EVM is according to that specified for PUSCH with same modulation and transmission BW.

	
	EVM equalizer spectrum flatness
	6.5.2.4
	No change

	Output RF spectrum emissions
	Occupied bandwidth
	6.6.1
	No change

	
	Spectrum emission mask
	6.6.2.1
	No change

	
	Additional spectrum emission mask
	6.6.2.2
	No change

	
	Adjacent channel leakage ratio
	6.6.2.3
	No change

	
	Spurious emissions
	6.6.3
	No change

	Transmit Intermodulation
	6.7
	No change

	Receiver Characteristics

	Reference sensitivity power level
	7.3
	WAN REFSENS:
FFS is relaxation is required for WAN REFSENS for FDD bands.
D2D specific REFSENS:

For TDD bands, no change.
For FDD bands, REFSENS for new D2D specific reference measurement channels will need to be specified.

	Maximum input level
	7.4
	For TDD bands, no change.
For FDD bands, current requirements can be reused. D2D specific reference measurement channels will need to be specified.

	Adjacent channel selectivity
	7.5
	For TDD bands, no change.
For FDD bands, further discussion required.

	Blocking characteristics
	In-band blocking
	7.6.1
	For TDD bands, no change.

For FDD bands, further discussion required.

	
	Out-of-band blocking
	7.6.2
	For TDD bands, no change.

For FDD bands, further discussion required.

	
	Narrow band blocking
	7.6.3
	For TDD bands, no change.

For FDD bands, further discussion required.

	Spurious Response
	7.7
	For TDD bands, no change.

For FDD bands, further discussion required.

	Intermodulation characteristics
	Wide band intermodulation
	7.8.1
	For TDD bands, no change.

For FDD bands, further discussion required.

	Spurious emissions
	7.9
	No change

	Receiver image
	7.10
	No change


4. RF core requirements for D2D: Discussion / Proposals

In this section, we present further discussions and specific proposals on the UE RF core requirements as identified in Table 2. The discussion is categorized into subsections as per general requirements, transmitter characteristics, and receiver characteristics. 
4.1. General

This subsection covers operating bands, channel bandwidths, and channel arrangement requirements for D2D. 

D2D is designed to operate in the uplink spectrum (FDD) or uplink subframes (TDD). Thus editorial changes will be required to TS 36.101 to highlight the same. For channel bandwidths and channel arrangement, no changes are foreseen for D2D.
Proposal 1: Editorial changes will be made to specify that D2D operates on the uplink operating band of the E-UTRA operating bands defined in Table 5.5-1 of TS36.101.

Proposal 2: No changes to channel bandwidths and channel arrangements required for D2D.

4.2. Transmitter Characteristics

This subsection covers the UE transmitter characteristics.

As indicated in Table 1, the D2D data carrying physical channels use SCFDMA and PUSCH structure. Hence most transmitter requirements are likely to remain unchanged.

For certain requirements (e.g., MPR, EVM, in-band emissions, relative power control), the requirement is explicitly specified for the current WAN UL physical layer channels (PUSCH, PUCCH, PRACH, SRS). For these requirements, the same requirement can be reused with the requirement specified according to PUSCH with the corresponding modulation and transmission BW.

Some additional requirements for D2D are also identified and specified similar to the current WAN requirements. These include ON/OFF mask and frequency error.

In the following subsections, we discuss the changes required for D2D, including the additional requirements for D2D specific physical channels.
4.2.1. ON/OFF Mask

ON/OFF mask requirements are specified as general ON/OFF time mask (Section 6.3.4.1 and Section 6.3.4.3) and also specific to the current UL physical layer channels (Section 6.3.4.2 and Section 6.3.4.4). 

For D2D, the general ON/OFF time mask requirements should apply. However, similar to current organization, specific requirements for D2D physical layer channels need to be specified. In RAN1, it is agreed that a transmission gap (of 1 symbol) can be present in some cases at the end of the subframe. Hence similar to the general requirements, we propose the ON/OFF mask for D2D physical layer channels with the presence of transmission gap at the end as shown in Figure 1.


[image: image1]
Proposal 3: No changes to the general ON/OFF time mask requirements. For D2D physical layer channels with transmission gap at the end, use the ON/OFF time mask requirement as shown in Figure 1.
4.2.2. Frequency Error

The current frequency error requirements are specified compared to the carrier frequency received from the E-UTRA Node B. For D2D discovery and communications, it is possible to synchronize the D2D transmissions with respect to the carrier frequency received from another D2D UE transmitting D2DSS. 

We propose to reuse the same frequency error requirements independent of the synchronization source (E-UTRA Node B or another D2D UE).
Proposal 4: The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the synchronization source. The synchronization source can be E-UTRA Node B or a UE that supports D2D.
4.2.3. MPR, EVM, In-band emissions, Power control
For certain transmitter characteristics (e.g., MPR, EVM, in-band emissions, relative power control), the requirement is currently specified referring to the current WAN UL physical layer channels (PUSCH, PUCCH, PRACH, SRS). For these requirements, the same requirement can be reused with the requirement specified according to PUSCH with the corresponding modulation and transmission BW.

For power control requirements, the absolute power control requirements will apply for both D2D discovery and communications. For D2D communications, it was agreed in RAN1 that transmit power control for scheduling assignment (SA) and D2D data transmissions can be done using PDCCH or ePDCCH. The details of power control are, however, not yet specified. It is likely that the existing requirements as specified for PUSCH/PUCCH/SRS combinations in Table 6.3.5.2.1-1 and Table 6.3.5.3.1-1 can be reused. Specific proposals on relative and aggregate power control, however, are not currently made as details are not yet finalized in RAN1.
Proposal 5: For MPR, EVM, in-band emissions, reuse current requirements for D2D physical layer channels with the requirements specified according to PUSCH with the corresponding modulation and transmission bandwidth.

4.3. Receiver Characteristics

D2D operates on the UL spectrum (FDD) or UL subframes (TDD). For FDD bands, this poses the new requirement of receiving on the FDD UL band. For TDD bands, however, the operation is no different than current WAN operation (i.e., Tx and Rx on TDD spectrum) from an RF perspective. Hence, for TDD bands, no new RF core requirements are required to support D2D discovery and D2D communications, and current specifications are suffice. The performance requirements for the new D2D physical channels will be defined as a part of demodulation performance requirements, and do not affect the UE core requirements (REFSENS, blocking, etc.).

Proposal 6: For D2D on E-UTRA TDD bands, no change to the current UE RF core receiver characteristics is required.

In the remainder of this subsection, we focus the discussion for D2D on FDD UL bands. For D2D on FDD UL bands, specifying the receiver characteristics can be approached in two ways:

Options to specify receiver characteristics for D2D Rx on an FDD UL band

Option 1: Treat the FDD UL band as a TDD band, and reuse the current WAN DL/UL measurement channels.
Pro: Simpler from specifications point of view.

Con: Assumes TDD WAN baseband processing is available for FDD UL Rx path, which may not be the case in all implementations.

Option 2: Define receiver characteristics using the new D2D specific reference measurement channels.

Con: More work from specifications point of view since D2D reference measurement channels will be different (SCFDMA, narrowband). 

Observation 1: To specify receiver characteristics for D2D on FDD UL band, two options are possible

· Option 1: Treat the FDD UL band as a TDD band, and reuse the current WAN DL/UL measurement channels
· Option 2: Define receiver characteristics using the new D2D specific reference measurement channels
In the following discussion we focus on Option 2, and present our observations on specifying the receiver characteristics using Option 2.

4.3.1. RefSens

For D2D reception on FDD UL, D2D specific RefSens needs to be specified. RefSens will be specified specific to the new D2D reference measurement channel that will be defined. Current DL reference measurement channels for receiver characteristics (Appendix A.3.2 of TS 36.101) are fully allocated PDSCH signals. In contrast, the new D2D reference measurement channels will be PUSCH and narrowband (e.g., 2 RBs). 
Another consideration due for a partially allocated reference channel is the specification of in-channel noise from other UEs. In current specification, for partially allocated DL reference measurement channels, OCNG is defined in Appendix A.5 of TS 36.101 to emulate DL allocation to virtual UEs. This, however, is specific to downlink (OFDMA) signal and not applicable to D2D (SCFMA, PUSCH). For D2D, there are two alternatives (referring loosely to “OCNG” even though the name is not applicable for D2D):

a) No “OCNG” from other UEs is emulated – this is similar to BS specifications

b) Define new “OCNG” – more specification effort, with no clear benefit.

We thus propose not to use any ‘OCNG’ similar to the BS specifications for the partially allocated D2D reference measurement channels when defining the receiver characteristics.
RefSens is band specific. However, since all band specific considerations are already included in the specified WAN RefSens, the RefSens for D2D to receiver on FDD UL can be simply derived as follows:

RefSensD2D = RefSensWAN + ∆SNRD2D-WAN + ∆ILUL-DL + 10log10(LCRB/NRB) 



(1)
where,


RefSensD2D: 

Reference sensitivity for D2D (Rx on FDD UL) with new reference measurement channels

RefSensWAN: 

Reference sensitivity for WAN (Rx on FDD DL) currently specified in TS 36.101 

∆SNRD2D-WAN: 
Difference in decoding SNR requirements between the new reference measurement channels for D2D and currently specified WAN DL reference measurement channels.

∆ILUL-DL: 


Difference in insertion loss of the UL filter compared to the DL filter of the band-duplexer

LCRB: 



Transmission BW of the new D2D reference measurement channel

NRB: 



Transmission BW configuration (since DL reference measurement channels are fully allocated)

Observation 2: D2D specific RefSens to receive the new D2D specific measurement channel on FDD UL band can be derived using (1).
4.3.2. ACS, Blocking, Spurious response, Intermodulation characteristics

The receiver performance in the presence of jammer will be impacted due to the narrowband form of the new D2D reference measurement channel. The Figure below illustrates the difference in the case of WAN Rx and D2D Rx with respect to jammer requirements.
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Since the in-channel interference due to the presence of the jammer will be highly colored, to achieve the same receiver performance with a narrowband reference measurement channel, the interference power needs to be lowered by the 10log10(NRB/LCRB), where LCRB and NRB are defined above.

An additional consideration is required when the interferer is modulated. Current UE specification use DL reference measurement channels (Appendix A.3.2 of TS 36.101) for the fully-allocated modulated interferer. For D2D when receiving on the FDD UL, two options are possible for modulated interferer definition:

a) Reuse current DL reference measurement channels (Appendix A.3.2 of TS 36.101).

b) Assume PUSCH containing data and reference symbol (as used in BS specifications TS36.104).

Observation 3: The current requirements for ACS, blocking, spurious emissions, and intermodulation characteristics can be reused with the following changes:

· Specified for the new reference measurement channel for D2D

· Interferer power is lowered by 10log10(NRB/LCRB), where LCRB is the transmission BW of the new D2D reference measurement channel, and NRB is the Transmission BW configuration.

Observation 4: For specifying receiver characteristics with modulated interferer, the modulated interferer can be specified as one of the following options:

· Option 1: Reuse DL reference measurement channels (Appendix A.3.2 of TS 36.101).

· Option 2: Reuse PUSCH signal containing data and reference symbol (Appendix C of TS36.104).

4.3.3. Maximum input level, spurious emissions, receiver image

For maximum input level, the current requirements can be reused independent of the approach used. For spurious emissions and receiver image, no change to the current requirements is required for D2D.

Proposal 7: For D2D on E-UTRA FDD UL, the maximum input level requirement can be reused with respect to the new reference measurement channels for D2D. No changes to spurious emissions and receiver image requirements are e required.
5. Impact to WAN

For D2D on TDD bands, there is no WAN impact from an RF perspective.

For D2D on FDD UL bands, depending on the RF implementation, it is likely that receiving on UL spectrum will also impact the Tx or WAN Rx path. As an example (only), Figure 2 and Figure 3 show two plausible RF architectures that have impacts to the Tx (WAN+D2D) and/or WAN Rx paths.  
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Figure 2: A plausible architecture to receive D2D on UL spectrum (for FDD). This will result in additional insertion loss in Tx (D2D and WAN) path and WAN Rx paths, and also additional leakage to the WAN Rx path.
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Figure 3: A plausible architecture to receive D2D on UL spectrum (for FDD). This will result in additional insertion loss and leakage for WAN Rx.


Impact to WAN REFSENS or MOP can likely not be avoided as spare RFIC ports are rarely available. Thus relaxation to WAN Refsens is hence highly desired for an FDD band on which the UE also supports D2D.
Proposal 8: RAN4 should further investigate if relaxations to WAN Refsens and MOP are required to support D2D on a FDD band due to RF impacts of receiving on FDD UL channels.
6. Conclusions

In this paper, the following proposals are made on UE RF core requirement for D2D. A text proposal for D2D TR based on these proposals is presented in our companion paper R4-143607 [5].

(General)

Proposal 1: Editorial changes will be made to specify that D2D operates on the uplink operating band of the E-UTRA operating bands defined in Table 5.5-1 of TS36.101.

Proposal 2: No changes to channel bandwidths and channel arrangements required for D2D.

(Transmitter Characteristics)

Proposal 3: No changes to the general ON/OFF time mask requirements. For D2D physical layer channels with transmission gap at the end, use the ON/OFF time mask requirement as shown in Figure 1.

Proposal 4: The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5ms) compared to the carrier frequency received from the synchronization source. The synchronization source can be E-UTRA Node B or a UE that supports D2D.
Proposal 5: For MPR, EVM, in-band emissions, reuse current requirements for D2D physical layer channels with the requirements specified according to PUSCH with the corresponding modulation and transmission bandwidth.

(Receiver Characteristics)

Proposal 6: For D2D on E-UTRA TDD bands, no change to the current UE RF core receiver characteristics is required.
Proposal 7: For D2D on E-UTRA FDD UL, the maximum input level requirement can be reused with respect to the new reference measurement channels for D2D. No changes to spurious emissions and receiver image requirements are e required.
 (Impact to WAN)

Proposal 8: RAN4 should further investigate if relaxations to WAN Refsens and MOP are required to support D2D on a FDD band due to RF impacts of receiving on FDD UL channels.
For specifying receiver characteristics for D2D on FDD UL bands, the following observations are made:
Observation 1: To specify receiver characteristics for D2D on FDD UL band, two options are possible

· Option 1: Treat the FDD UL band as a TDD band, and reuse the current WAN DL/UL measurement channels
· Option 2: Define receiver characteristics using the new D2D specific reference measurement channels
Further, for Option 2 above, the following observations are made:
Observation 2: D2D specific RefSens to receive the new D2D specific measurement channel on FDD UL band can be derived using (1).

Observation 3: The current requirements for ACS, blocking, spurious emissions, and intermodulation characteristics can be reused with the following changes:

· Specified for the new reference measurement channel for D2D

· Interferer power is lowered by 10log10(NRB/LCRB), where LCRB is the transmission BW of the new D2D reference measurement channel, and NRB is the Transmission BW configuration.

Observation 4: For specifying receiver characteristics with modulated interferer, the modulated interferer can be specified as one of the following options:

· Option 1: Reuse DL reference measurement channels (Appendix A.3.2 of TS 36.101).

· Option 2: Reuse PUSCH containing data and reference symbol (Appendix C of TS36.104).
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