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1. Introduction

In RAN4 #73, the equation to derive the D2D REFSENS was agreed as follows:

	It is proposed that for the partially allocated D2D reference measurement channels, if no in-channel noise (‘OCNG’) shall be added (consistent with BS specifications), RefSens for D2D to receive on FDD UL can be 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 (average over vendor data) and after shared pain
LCRB:

Transmission BW of the new D2D reference measurement channel

NRB:

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




In this contribution, we briefly address some remaining details to finalize the D2D REFSENS for FDD bands
2. Remaining Details
2.1. In-channel noise for REFSENS

As discussed in RAN4 #73, the REFSENS requirement serves as of the Noise Figure of the UE. Hence fundamentally no in-channel noise should be added when testing for REFSENS as it will defeat the purpose of the test. Note that OCNG in legacy specifications is to fill up the non-allocated tones with the same PSD as the allocated tones and can be viewed as DL allocation for virtual UEs. 

In the legacy WAN case, the reference measurement channel for WAN REFSENS is fully allocated (LCRB = NRB), and hence no OCNG is added
For D2D communications, the RMC is again fully allocated (LCRB = NRB in the above REFSENS equation) and hence no in-channel noise can be added (no non-allocated tones). 

For D2D discovery, however, the RMC is restricted to 2 RBs (LCRB = 2 in the above REFSENS equation). Hence the discussion in prior meetings was if in-channel noise should be added. In our view, adding any in-channel noise will defeat the purpose of the REFSENS test by (a) artificially raising the signal level at the UE antenna, (b) no longer will be a test for noise figure of the UE. Note that this is consistent with the current BS specifications where no in-channel noise is added for partially allocated reference channels.

Observation 1:  For legacy WAN REFSENS, no OCNG is (or can be) added since the DL RMC used is fully allocated. This is the same case for D2D communications.
Proposal 1: For D2D discovery with partially allocated D2D RMC (LCRB = 2), it is proposed that no in-channel noise (‘OCNG’) shall be added (consistent with BS specifications).

2.2. ∆SNRD2D-WAN
As defined in the REFSENS equation above, ∆SNRD2D-WAN is the difference in decoding SNR requirements between the new reference measurement channels for D2D and currently specified WAN DL reference measurement channels.

Simulation campaign for the same is being done in RAN4-demod. Our results and proposal are in our companion contribution R4-150207.

2.3. ∆ILUL-DL
In RAN4 #73, the filter vendor data on difference in IL between UL and DL filters (∆ILUL-DL) was agreed and noted in the TR. It was also agreed that the final value to be used in REFSENS calculation shall be “(average over vendor data) and after shared pain”. In the following table, we propose the final value of ∆ILUL-DL for REFSENS as follows.
Table 1: Value of ∆ILUL-DL to be used in REFSENS calculations
	E-UTRA band
	∆ILUL-DL 
	Average over vendor data
	∆ILUL-DL to be used for REFSENS

	
	Vendor A
	Vendor B
	Vendor C
	
	

	2
	-0.5
	-0.2
	-0.4
	-0.4
	[-0.2]

	3
	-0.3
	0.5
	-0.9
	-0.2
	[-0.1]

	4
	-0.4
	0
	-0.3
	-0.2
	[-0.1]

	7
	0.6
	0.1
	-0.2
	+0.2
	[0.1]

	14
	
	-0.2
	0
	-0.1
	[0]

	20
	-0.5
	-0.3
	-0.5
	-0.4
	[-0.2]

	26
	0
	0.4
	0
	+0.1
	[0]

	28
	(A) 0
(B) 0
	(A) 1

(B) 0.6
	(A) -0.3
(B) 0.3
	(A) +0.2

(B) 0.3
	[0.1]

	31
	
	
	
	
	[0]


Proposal 2: Value of ∆ILUL-DL to be used in REFSENS calculations in proposed in Table 1. 
3. Conclusions

In this paper, the following observations/proposals on the remaining details for calculating REFSENS for D2D Rx on FDD bands.

Observation 1:  For legacy WAN REFSENS, no OCNG is (or can be) added since the DL RMC used is fully allocated. This is the same case for D2D communications.
Proposal 1: For D2D discovery with partially allocated D2D RMC (LCRB = 2), it is proposed that no in-channel noise (‘OCNG’) shall be added (consistent with BS specifications).

Proposal 2: Value of ∆ILUL-DL to be used in REFSENS calculations in proposed in Table 1. 
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7.3
Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

D2D specific reference measurement channel (RMC): The D2D specific RMC will differ from the existing DL reference measurement channels since it will be PUSCH modulated and possibly narrowband (e.g., 2 RBs for D2D discovery use case).

In-channel noise (OCNG): Since WAN DL uses OFDMA, for partially allocated reference channel, the current specifications (TS 36.101) include in-channel noise (OCNG) as defined in Appendix A.5 of TS 36.101 to emulate DL allocation to virtual UEs. For D2D, this is no longer applicable since its SCFDMA, and we propose to not use any ‘OCNG’ for the partially allocated D2D reference measurement channels when defining the receiver characteristics. This is consistent with the current BS specifications where no in-channel noise is added for partially allocated reference channels.

It is proposed that for the partially allocated D2D reference measurement channels, if no in-channel noise (‘OCNG’) shall be added (consistent with BS specifications), RefSens for D2D to receive on FDD UL can be 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 (average over vendor data) and after shared pain

	LCRB:
	Transmission BW of the new D2D reference measurement channel

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


Note that the factor 10log10(LCRB/NRB) in the D2D RefSens will pull down the RefSens by a large factor, depending on the transmission bandwidth of the D2D RMC and channel BW. For example, for a 10MHz system and 2RB D2D RMC, this factor is ~-14dB. With respect to susceptibility to spurs in UE’s transceiver, D2D RefSens on FDD UL is a tighter requirement that current WAN RefSens.

Table 7.3-1 below lists some filter vendor data on ∆ILUL-DL of band duplexer for E-UTRA FDD bands. 

Table 7.3-1: Filter vendor data on ∆ILUL-DL
	E-UTRA band
	∆ILUL-DL 
	Average over vendor data
	∆ILUL-DL to be used for REFSENS

	
	Vendor A
	Vendor B
	Vendor C
	
	

	2
	-0.5
	-0.2
	-0.4
	-0.4
	[-0.2]

	3
	-0.3
	0.5
	-0.9
	-0.2
	[-0.1]

	4
	-0.4
	0
	-0.3
	-0.2
	[-0.1]

	7
	0.6
	0.1
	-0.2
	+0.2
	[0.1]

	14
	
	-0.2
	0
	-0.1
	[0]

	20
	-0.5
	-0.3
	-0.5
	-0.4
	[-0.2]

	26
	0
	0.4
	0
	+0.1
	[0]

	28
	(A) 0
(B) 0
	(A) 1

(B) 0.6
	(A) -0.3
(B) 0.3
	(A) +0.2

(B) 0.3
	[0.1]

	31
	
	
	
	
	[0]
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