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1. Summary
This contribution provides considerations and rationale for specifying some RF performance requirements having critical impact on NB-IOT implementation aspects – cost, size and system performance.

2. Introduction
In previous discussions the following RF requirements were raised as critical for meeting key NB-IOT goals – reduced device complexity for ultra-low cost and reduced power consumption for longer battery life:
· Out-of-band blocking in receive mode
· Output power and MPR in multi-tone transmission
· Spectrum emission mask and out-of-band spurious emission
This document proposes some considerations for specifying these and other RF requirements.

3. Discussion
3.1. Receiver requirements

Out-of-band blocking
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]. These contributions indicated the need of relaxing the OOB requirements in NB-IOT comparing to GSM specs.
Additional rationale for relaxing OOB requirements for NB-IOT is that at least in some system scenarios high OOB blocking level may be compensated by the coverage enhancement feature of NB-IOT. For example even in presence of strong blocker – device still can function in the network while working at very negative SNR conditions.
It was agreed so in previous R4-77AH meeting [3] to investigate if LTE OOB-blocking requirement can be relaxed and what is the benefit for cost, size and battery life. Justification for the relaxation should be provided in terms of system performance degradation due to relaxed OOB-blocking specification.
As a part of this investigation we estimated the implications and feasibility of applying different OOB blocking levels in SAW-less design and propose to re-use the existing LTE OOB requirements with maximum blocker level of -15dBm (CW) in Ranges 3 and 4 (as specified in 3GPP TS 36.101) also for NB-IOT. This assumes re-using the current LTE spec of the wanted signal relative to REFSENS (i.e. 6dB).
To our opinion such OOB requirements may be supported in half-duplex SAW-less design with feasible RF PLL noise and RF linearity performance. This could be feasible even under heavy cost, size and power consumption limitations:
· PLL OOB phase noise requirement is driven by effect of reciprocal mixing with OOB blockers and should be about -145dBc/Hz for -15dBm blocker which seems quite feasible. 
· This number assumes worst case scenario with max NF=9dB
· Finally, the proposed blocking spec will allow relaxing requirements on OOB filtering at harmonic frequencies that may cause significant Rx desensitization due to mixing with LO harmonics. 
  
Proposal #1:  Use the existing LTE OOB blocking requirements with maximum blocker level of -15dBmin in Range 3 and 4 (as specified for LTE in 3GPP TS 36.101) also for NB-IOT in all operating scenarios (stand-alone, in-band and guard-band).
Proposal #2: In all OOB blocking cases assume wanted signal 6dB above the REFSENS level.
See proposed change in the Tables below: 
Table 7.X.1.1-1: Out-of-band blocking parameters


	[bookmark: _Hlk442732082]Rx Parameter
	Units 
	Device Type

	
	
	NB-IoT (CAT-M2)

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 6dB

	
	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.



Table 7.X.2.1-2: NB-IOT Out of band blocking
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44
	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
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:	For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 
NOTE 2:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.



In-band blocking
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]As indicated in [4] the GSM in-band blocking specification differs quite much from E-UTRA in-band blocking specification since blocker comes much closer with over 10 dB higher power. Therefore GSM in-band blocking specification may have significant impact on PLL current consumption. Besides it may conflict with requirements for frequency hopping support ([9]) since this need fast frequency retuning capability.
Thus it was agreed in R4-77AH meeting [3] to consider different scenarios for defining optimal in-band blocking requirements.
For stand-alone NB-IOT operation in GSM bands, applying GSM in-band blocking requirements at offsets and blockers levels as specified in 3GPP TS 45.005 (including -43dBm at 600kHz offset) would have heavy impact on PLL design: 
· Need narrow-band PLL that may complicate implementation of the PLL with fast re-tuning time for supporting frequency hopping (as proposed in [9]). The increased settling time may lead also to higher current consumption.
· Need very low noise VCO with phase noise of about -121.2dBc/Hz at 600kHz offset, associated with higher current consumption compared to similar phase noise requirements, usually applied in LTE designs: 
· Comply with GSM level for In-Band blocking translated to up to 20% current consumption increase
· In order to avoid RF design impact we propose the approach that allows to keep unchanged the GSM network blocking levels while preserving system performance in typical operating scenarios (with no or low blockers) – this is by allowing higher Rx desensitization in the above in-band blocking scenarios, namely:
· Setting wanted signal REFSENS +6dB as in LTE in-band blocking testing will allow PLL phase noise relaxation by 4.5dB to -116.7dBc/Hz (assuming Rx NF=9dB) or
· Setting wanted signal at REFSENS+14dB as in LTE narrow-band blocking scenarios will allow PLL phase noise relaxation by 13.5dB to -107.7dBc/Hz (assuming Rx NF=9dB)
For in-band and guard-band NB-IOT operation use existing LTE in-band blocking requirements based on LTE principles as used in 3GPP TS 36.101 section 7.6.1 (Table 7.6.1.1-2) with appropriate scaling of interferer parameters for NB-IOT BW of 200kHz: 
· Case1: BWinterferer = 200kHz, Finterferer (offset) = +/-400kHz, Pinterferer = -56dBm
· Case2: BWinterferer = 200kHz, Finterferer (offset) from +/-600kHz to +/-15MHz, Pinterferer = -44dBm
· In both cases the wanted signal is set 6dB above the REFSENSE level, similarly to 1.4MHz BW case as specified in Table 7.6.1.1-1
· [bookmark: _GoBack]Table 7.X.2.1-1: In band blocking parameters
	Rx Parameter
	Units 
	Device Type

	
	
	NB-IOT

	Power in Transmission Bandwidth Configuration
	dBm

	REFSENS + specific value below

	
	
	6

	BWInterferer 
	MHz
	200KHz

	FIoffset, case 1 
	MHz
	0.3

	FIoffset, case 2 
	MHz
	0.5

	Note 1: 	The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.


· 
	Table 7.X.1.1-2: In-band blocking
	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2

	
	 PInterferer
	 dBm
	-56
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&
=+BW/2 – FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&
≥+BW/2 – FIoffset,case 2

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 18, 19, 20, 21,33,34,35, 36,37,38,39, 40,41
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15
to
FDL_high + 15

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10
to
FDL_high + 15

	17
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9
to
FDL_high + 15

	Note 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 
Note 2:	For each carrier frequency the requirement is valid for two frequencies: 
a. the carrier frequency -BW/2 - FIoffset, case 1 and
b. the carrier frequency +BW/2 + FIoffset, case 1
Note 3:	FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


· 
Proposal #3: for stand-alone NB-IOT operation in GSM bands apply GSM in-band blocking requirements at offsets and interfering blockers levels as specified in 3GPP TS 45.005, while allowing higher desensitization of the wanted signal comparing to GSM spec. Two options for wanted signal level are proposed:
4a) wanted signal = REFSENS + 6dB
4b) wanted signal = REFSENS +14dB
Proposal #4: For in-band and guard-band NB-IOT operation use existing LTE in-band blocking requirements based on LTE principles as used in 3GPP TS 36.101 section 7.6.1 (Table 7.6.1.1-2) with appropriate scaling of interferer parameters for NB-IOT BW of 200kHz, and wanted signal at 6dB above the REFSENS level

3.2. Transmitter requirements
Maximum output power and MPR for multi-tone transmission
We propose to specify 23dBm as Maximum output power for single-tone operation as it is beneficial for UEs requiring large amount of coverage enhancement and due to zero or near-zero PAPR can be implemented using power effective Transmitter and PA design. However, UEs in better coverage conditions will be using SC-FDMA with multiple carriers ([5]) and therefore an MPR should be applied in order to avoid the need in increasing Psat level of integrated PA that in turn may require higher PA supply voltage, higher current consumption and increased PA size. The required MPR values depend on the finally agreed NB-IOT emission requirements and should be aligned with PA simulations as stated in WF on Transmitter characteristics in RAN4 #77AH meeting [7].  
As an alternative MPR option we propose to consider using reduced Maximum power requirement according to power class 5 (20dBm) for all multi-tone modulation cases that is equivalent to fixed MPR of 3dB. 
· According to preliminary simulations [1] this MPR should be sufficient to preserve multi-tone emission performance in all modulation schemes used for multi-tone transmission.  
· Fixed MPR setting would simplify NB-IOT UL specification and implementation
Proposal #5: Consider using reduced maximum power requirement according to power class 5 (20dBm) for all multi-tone modulation cases rather than applying modulation specific MPR value
Spectrum emission mask
Few options of spectrum emission mask were discussed in [1] and other R4-77AH contributions varying from very demanding GSM-like mask especially at 400kHz offset point where -60dBc/30kHz is required (equivalent to -45dBm/30kHz or -113dBc/Hz for NB-IOT output power of +23dBm) to LTE-like requirements based on  E-UTRA specs.
[image: ] Source: R4-77AH-IoT-0059. NB-IOT UE RF aspects. Nokia Networks

The first option (GSM-like) would lead to very challenging Tx PLL noise requirements especially at 400kHz offset point where -36dBm/30kHz is required (according to Table 4.2-1 of 3GPP TS 45.005) leading to PLL noise requirement of < -104dBc/Hz at 400kHz offset. The design consequence will be an increased power consumption and settling time limitations. Therefore we propose using one of the relaxed spectrum emission options as presented in [4]:
· LTE-like NB-IOT SEM (Option2 in Table2 of [4]) – this is preferable option from both PLL and PA implementation perspectives, which shall be applied for both single-tone and multi-tone operation with minimal MPR
· GSM-like NB-IoT SEM (Option3 in Table2 of [4])  
Proposal #6: Use relaxed spectrum emission requirements for NB-IOT spectrum emission mask: 
· LTE-like NB-IOT SEM (Option2 in Table2 of [4]) is a preferable option from RF implementation perspectives, which shall be applied for both single-tone and multi-tone operation with minimal MPR

Out-of-band spurious emission 
Applying GSM spurious emission requirements to NB-IOT devices will require very low Tx noise at most critical frequency offsets of 10MHz and 20MHz
· -67dBm/100kHz in 925-935MHz band (10MHz offset) requires noise lower than -140dBc/Hz 
· -79dBm/100kHz in 935-960MHz band and -71dBm/100kHz in 1805-1880MHz (20MHz offsets) require noise lower than -152dBc/Hz and -144dBc/Hz correspondingly
The above noise requirements as in GSM compatible devices have size and current consumption impact on PLL design.
On the other side, as noted in [4], already now E-UTRA can co-exists with GSM, even though it does not fulfil GSM SEM requirements. To our opinion the same observation is valid also for spurious emission requirements.
Therefore, we support the approach of applying E-UTRA spurious emission requirements including requirements for band coexistence (Section 6.6.3.2) also for NB-IOT. 
Proposal #7: Reuse E-UTRA spurious emission requirements including requirements for band coexistence (Section 6.6.3.2) for NB-IOT 

4. Conclusion
Proposal #1:  Use the existing LTE OOB blocking requirements with maximum blocker level of -15dBmin in Range 3 and 4 (as specified for LTE in 3GPP TS 36.101) also for NB-IOT in all operating scenarios (stand-alone, in-band and guard-band).
Proposal #2: In all OOB blocking cases assume wanted signal is 6dB above the REFSENS level.
Proposal #3: for stand-alone NB-IOT operation in GSM bands apply GSM in-band blocking requirements at offsets and interfering blockers levels as specified in 3GPP TS 45.005, while allowing higher desensitization of the wanted signal comparing to GSM spec. Two options for wanted signal level are proposed:
4a) wanted signal = REFSENS + 6dB
4b) wanted signal = REFSENS +14dB
Proposal #4: For in-band and guard-band NB-IOT operation use existing LTE in-band blocking requirements based on LTE principles as used in 3GPP TS 36.101 section 7.6.1 (Table 7.6.1.1-2) with appropriate scaling of interferer parameters for NB-IOT BW of 200kHz, and wanted signal at 6dB above the REFSENS level
Proposal #5: Consider using reduced maximum power requirement according to power class 5 (20dBm) for all multi-tone modulation cases rather than applying modulation specific MPR value
Proposal #6: Use relaxed spectrum emission requirements for NB-IOT spectrum emission mask: 
· LTE-like NB-IOT SEM (Option2 in Table2 of [4]) is a preferable option from RF implementation perspectives, which shall  be applied for both single-tone and multi-tone operation with minimal MPR
Proposal #7: Reuse E-UTRA spurious emission requirements including requirements for band coexistence (Section 6.6.3.2) for NB-IOT  
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