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Introduction
[bookmark: bmR4-ah-31967--2016-01-20]In RAN4 #77, RAN4 NB-IOT AH and RAN4 #78 the OOB blocking requirement was raised in several contributions as a critical point for implementing SAW-less design for ultra-low cost multi-band RF solution [1], [2], [3]. 
It was also discussed in RAN4 #78-bis meeting ([4], [5]) and a WF was achieved regarding the LTE OBB [6]. As a baseline requirements and the need of additional relaxations for NB-IOT as an important enabler for low-cost RF design:
· OBB requirements for NB-IoT shall not be more stringent than OBB for LTE referred to Table 7.6.2.1-2  in TS 36.101
· Companies are encourage to study additional relaxations for 3GPPRAN4#78-NB-IoT, and provide analysis on performance impact and cost benefit

In RAN4 #78-bis discussions, different OBB following relaxation proposals were raised: 
· Increasing wanted signal level in the OBB test to Psignal = REFSENS + [6…14] dB
· Reducing interferer level in the OBB test to Pinterferer = [-15…-20] dBm
· Moving the frequency boundary between range2 and range4 in OBB test to Finterferer = FDL_high +[85…85+X] MHz
In addition the question of relevance of OBB requirement in Range 4 for NB-IOT was also raised.

This contribution proposes a way forward to the specification of OOB blocking for NB-IOT.

Discussion
Higher Psignal vs. lower Pinterferer 
a) Lowering the blocker level requirement (Pinterferer) in Range3 from the existing -15dBm to -20dBm would allow 5dB relaxations in both LO phase noise and Rx linearity (P1dB) requirements that is beneficial for current saving in both LO and Rx chain. Although from the system point of view this relaxation seems less "natural" given the -15dBm blocking requirement is driven by coexistence considerations which was recently re-examined and justified in [7] based on path loss and antenna gain budget for frequency bands in the 750-2140MHz range.

b) Increasing the wanted signal level (Psignal) in this range from REFSENS+6dB to REFSENS+14dB would allow ~8.5dB relaxation of the LO phase noise (vs. 5dB relaxation in the previous case), but no Rx linearity (P1dB) relaxation in this case. Nevertheless, higher Rx linearity will maintain receiver robustness against blockers and improve significantly receiver immunity to internal spurs due to e.g PLL spurs, refclk harmonics, BB clocks etc. These considerations to our opinion prevail the benefits of Psignal relaxation to REFSENS+14dB rather than Pinterferer relaxation to -20dBm. 
The same Psignal relaxation is used also in ACS test and was proposed by Mediatek in the [5]. 

Proposal 1: Use following parameters in NB-IOT OBB test, Range3:
· Psignal = RESENS+14dB (as in ACS test)
· Pinterferer = -15dBm (as for legacy LTE)

Moving Finterferer boundary of Range 3
a) The idea of relaxing the OBB frequency boundary (Finterferer) of Range 3 beyond 85MHz is to allow some LC filtering in SAW-less NB-IOT design. However, in such designs the same Rx filter may likely be used for a range of few frequency bands (e.g. all LB or all MB) and consequently, the relaxation should apply to the entire frequency range (LB respectively MB) rather than to each separate frequency band.
b) The new OBB frequency boundaries will depend on the LC filtering capabilities rather than coexistence considerations. This would require the LC filtering capabilities to be estimated for different frequency offsets from LB respectively MB ranges, also taking into account low-cost and low-loss limitations as well as temperature effects. 
· Note: LC filtering is currently used more or less effectively for harmonic rejection only. Using higher order LC filters for attenuating closer OOB blockers is associated with higher loss, cost and size of the filters
c) Given the above reasons, Finterferer relaxation seems less practical option for NB-IOT   

 Proposal 2: Use the existing Finterferer frequency boundary for Range3:
· Finterferer = 85MHz 

OBB requirements in Range4
a) Current LTE OBB requirement in Range 4 is -15dBm applied at FUL_low - FUL_high for bands 2,5,12,17 which is just 13-20MHz offset from Rx frequency, whereas for other frequency bands the blocker level at such frequency offsets is -44dBm (Range 1). This means the blocking requirement for bands 2, 5, 12, 17 is 29dB tougher than for other frequency bands, including some other bands intended for the same ITU region.
b) The relevance of this requirement may need to be re-examined taking into account its design implications for NB-IOT as estimated below.
c) The design impact of applying -15dBm blocker at 13-20MHz offset from Rx frequency is reflected into tougher phase noise requirement.  Assuming REFSENS= -110dBm and Psignal = REFSENS+6dB we can calculate the required LO phase noise (PN) for different OBB signal levels in Range 4:
i. Pinterferer = -44dBm @15MHz  PN= -115dBc/Hz (with no margin)
ii. Pinterferer = -15dBm @13-20MHz  PN= -144dBc/Hz (with no margin)
iii. According to our estimations in the last case the LO current will increase significantly leading to about 10-15% higher UE RF Rx current (impact on the total UE current consumption depends on the operating scenario). 
iv. High blocking signals at 13-20MHz offset will also require higher BB filtering prior to Rx ADC which will increase the size and cost of Rx portion in RFIC.

Proposal 3: Range 4 requirements for NB-IOT to be omitted.
Summary of the out of band blocking proposal for NB-IOT
Based on the above proposals, we suggest 
Proposal 4: Apply the following out of band blocking requirements for NB-IOT
Table 7.6.2.1-X: Out of band blocking for NB-IOT
	E-UTRA band
	Parameter
	Units 
	Frequency

	
	
	
	Range 1
	Range 2
	Range 3

	
	Psignal
	dBm
	REFSENS+6dB
	REFSENS+ [6…14]* dB
	REFSENS+ 14 dB

	
	PInterferer
	dBm
	-44
	-30
	-15

	1, 2, 3, 5, 8, 
12, 13, 17, 18,
19, 20, 26, 28
	FInterferer (CW)
	MHz
	FDL_low -15 to
FDL_low -60 
	FDL_low -60 to
FDL_low – 85 
	FDL_low – 85 to 
1 MHz

	
	
	
	FDL_high +15 to
FDL_high + 60 
	FDL_high + 60 to
FDL_high + 85 
	FDL_high + 85 to
+12750 MHz


 *) Psignal level in Range 2 is FFS

[bookmark: _GoBack]Conclusions
In this contribution we have the following proposals:
Proposal 1: Use following parameters in NB-IOT OBB test, Range 3:
· Psignal = RESENS+14dB
· Pinterferer = -15dBm 
Proposal 2: Use the existing Finterferer frequency boundary for Range 3:
· Finterferer = 85MHz 
Proposal 3: Range 4 requirements for NB-IOT to be omitted.

Proposal 4: Apply the following out of band blocking requirements for NB-IOT
Table 7.6.2.1-X: Out of band blocking for NB-IOT
	E-UTRA band
	Parameter
	Units 
	Frequency

	
	
	
	Range 1
	Range 2
	Range 3

	
	Psignal
	dBm
	REFSENS+6dB
	REFSENS+ [6…14]* dB
	REFSENS+ 14 dB

	
	PInterferer
	dBm
	-44
	-30
	-15

	1, 2, 3, 5, 8, 
12, 13, 17, 18,
19, 20, 26, 28
	FInterferer (CW)
	MHz
	FDL_low -15 to
FDL_low -60 
	FDL_low -60 to
FDL_low – 85 
	FDL_low – 85 to 
1 MHz

	
	
	
	FDL_high +15 to
FDL_high + 60 
	FDL_high + 60 to
FDL_high + 85 
	FDL_high + 85 to
+12750 MHz


 *) Psignal level in Range 2 is FFS
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