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1. Introduction
This contribution provides considerations and rationale for UE receiver REFSEN, ACS, IBB, and OBB RF performance requirements. All of them have critical impacts on NB-IoT implementation, especially for cost, size and system performance.
2. Discussion
In previous discussions, for meeting the key NB-IoT goals - reduced device complexity for ultra-low cost and reduced power consumption for longer battery life, it was agreed to investigate whether relaxing the RF requirement specification will help to benefit device cost, size and battery life. Justification for the relaxation should also be provided in terms of system performance degradation due to relaxed specification.
Additional rationale for relaxing RF requirements for NB-IoT is that, at least for such kind of quasi-static system, the proposed coverage enhancement feature could cover and compensate most of the high interference scenarios. For example even in presence of strong blocker – device still can function in the network while working at very low SNR conditions [1]. There is no reason that the requirements for NB-IoT are more stringent than 2G and LTE systems. 
2.1. REFSENS requirements

REFSENS level of a receiver is a very key requirement in a communication system because most of the other specs. are defined based on this requirement. In the previous discussions, there are two ways to approach to a reasonable value. One is to re-use the existing (legacy) REFSENS table and apply the same relaxation for single RX as was agreed for cat 0. The alternative approach would start from a reasonable implementation as mentioned in the previous discussion. It is much realistic from implementation point of view. To determine required SNR, estimate the noise figure for the receiver, and agree on an adequate implementation and production margin. Then base on the provided formula listed below, the sensitivity could be determined practically.
      PREFSENS (dBm) = -174dBm + 10log10B+NF + IM + SNR 

· -174dBm
noise floor at room temperature 

· B

operating bandwidth in Hz 

· NF

Noise figure in dB of the receiver in antenna connector 
· IM

Implementation and production margin 

· SNR

Required Signal to Noise Ratio in baseband 

From the legacy experience, the NF is assumed 9dB in 3G and LTE systems. Due to half duplex operation, the front-end design should be simpler than modern Cellular system. 7dB for MB and 6.8dB for LB of NF including front-end loss would be a practical assumption for mobile phone manufactures. 
SNR requirement and corresponding reference test signal should be also redefined. It was agreed in RAN1 that TBCC will be used for NB-PDSCH. Compared with turbo code applied in LTE PDSCH, the required SNR for NB-PDSCH is higher under the same modulation and code rate (QPSK 1/3 code rate). Further, the performance varies for different TBS, as shown by our simulation results in Fig.1. It is observed that the required SNR generally increases as the TBS. In this regard, the SNR requirement assumed in LTE REFSENS test is not applicable here for NB-IoT. Considering the maximum transport block size as 680 bits, it is proposed to set SNR target as 2.5 dB to cover all possible TBS with QPSK modulation and code rate 1/3.
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Figure 1: Simulated BLER vs. required SNR for NB-IoT
Considering the variety of IoT applications, from massive to high-end devices, the implementation margin is set at 3dB for low cost objective. Especially for the massive distributed monitoring products, the cost of the package should not become the major cost contributor of the whole system. The sensitivity value is around -109dBm for MB calculated from the numbers listed above. For LB, it is around -109.2dBm. The sensitivity level calculation shows very good consistency from the two approaches. 

For MCL164 extended coverage scenario, for standalone mode operation, the minima received power is -121dBm. It only requires extra 12dB processing gain which can be provided easily from blind repetition techniques used in NB-IoT. As for inband operation scenario, the minima Pin of RX for 10MHz LTE is -129dBm, the extra required 20dB processing gain could also be provided by present NB-IoT design.   
So the proposal for UE receiver sensitivity is -109dBm for MB, and -109.2dBm for LB in MCL144.  
2.2. Adjacent channel interference and blocker requirements
Several evaluation conclusions for co-existence and interference were proposed. Base on the trade-off between good co-existence performance with other systems and the low cost demand, the actual NB-IoT ACS and blocker requirements could be derived. The benefit for low cost design is also discussed later to provide the justification in terms of system performance degradation due to relaxed specification.
2.2.1. ACS requirements

The first conclusion of NB-IoT coexistence is proposed in [2]. It shows that the acceptable level of ACS in GSM coexistence is 30dB, in UMTS is 30dB, and in LTE is 35dB. For operating in GSM band case, 100kHz guard band is reserved for relaxing ACS requirement. For inband operation scenario, following the resource block arrangement of LTE, the worse case would be allocated at the rightmost or leftmost channel. This is illustrated in Figure 2. Base on the suggested calculation from [3] and the sensitivity level proposed above, the ACS requirements of NB-IoT UE are listed in Table II.
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Figure 2: The worse ACS scenario for 1.4MHz LTE inband operation for NB-IoT
Table II.a: ACS requirements for NB-IoT in GSM band
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Table II.b: ACS requirements for NB-IoT in LTE band
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2.2.2. Inband blocking requirements

Since the blocking would re-mix the noise into the desired signal channel and degrades the SNR, very low phase noise design is requested if the blocking level is high. It means the blocking level has significant impact on VCO and LO chain current consumption especially in 2G band. So it was agreed in R4-77AH meeting [4] to consider different scenarios for defining optimal inband and out-band blocking requirements. In order to avoid RF design impact, an approach was proposed that allows to keep unchanged the GSM network blocking levels while preserving system performance in typical operating scenarios but with relaxed RF current consumption. That is to allow higher Rx desensitization and set wanted signal at REFSENS+14dB in the legacy inband blocking scenarios in GSM.
For inband operation, following the strategy of ACS, all testing scenarios are kept the same as LTE and allow for higher Rx desensitization; set wanted signal at REFSENS+14dB. The details are specified in Tables III.
Table III.a: IBB requirements for NB-IoT in GSM band
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Table III.b: IBB requirements for NB-IoT in LTE band
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2.2.3. Out-of-band blocking requirements

The OBB requirement is the critical specification for implementing SAW-less design for ultra-low cost multi-band RF solution. It was raised in several contributions [5, 6]. These contributions indicated the need of relaxing the OBB requirements in NB-IoT compared to GSM and LTE specs. Since the out of band blocking level is quite high, the linearity and the noise floor are all the critical concerns in RF UE device. Especially the current consumption of the LO chain, around 50% current contribution is used to maintain this high linearity and low noise environment. It is quite stringent if this is used in wearable devices or some small battery capacity applications. 
One consensus in R4-77AH meeting [4] is that, at least the coverage enhancement feature of NB-IoT could help to compensate the degradation due to high OBB blocking level in some extreme scenarios. Therefore, one more realistic and optimal blocking requirement approach is proposed as a compromise between performance and cost. Following the strategy in [1], for all operating mode, the existing LTE OBB requirements could be specified the same as LTE in 3GPP TS 36.101 with relaxed wanted signal 14dB above the REFSENS level. The detail is listed in Table IV below. 
Table IV: OBB requirements for NB-IoT in all operating scenarios
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2.2.4. The impact of RF on the interference and blocking requirements 
The requirements for the interference and blocking are proposed. Here we explain how it could benefit the UE RF. The two main current consumers for UE RF receivers are the LNA and LO chain including PLL. Since they need to maintain high linearity and very low noise floor at the same time, the design would be driven to have high dynamic range and very low phase noise performance. They all consume huge amount of current. 
As shown in Figure 4, the toughest requirement from phase noise point of view is GSM system. It requires highest blocking level and also lowest spurious emission for TRX co-existence. Even in LTE system, the specified performance is still harmful for compact devices or low battery capacity applications. Thanks to the enhanced features of NB-IoT which is designed for extending coverage, these specs. could be relaxed to accommodate the demand of long battery life. The evaluation result for proposed approach is also shown in Figure 4 marked in orange color. 
Since the required signal is relaxed by 14dB, the out-of-band phase noise could be relaxed at least 6dB from legacy LTE spec. It gains more than 30~40% current reduction in LO distortion network and VCO driving current. The inband phase noise cannot have quite amount of relaxation because it is the sum of many small contributors across the system. But at the frequency offset of IBB and ACS could still be relaxed further comparing with LTE once IBB and ACS requirements are relaxed, respectively. It is also shown in Figure 4. From the evaluation, it reduces VCO core current by at least 5~10% and also improves the flexibility of PLL design.
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Figure 4: The phase noise requirements for different specs.
3. Summary
In this contribution we have made proposals for some RF specification requirement for NB-IoT UE receiver. . 
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