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Introduction
Although it is not included in the objectives of Rel-15 WID [1], the concept of flexible channel bandwidth attracts quite many interests and was discussed in recent RAN4 meetings [2 – 9], and it is encouraged to study the scalability to the channel bandwidth when defining RF requirements.
In this contribution, we discuss the potential scalability in details when defining REFSENS for flexible channel bandwidth according to the current progress in both RAN1 and RAN4.
Discussion
REFSENS definition in LTE 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE, REFSENS is the minimum mean power received at the antenna connector, at which a throughput requirement is fulfilled. The purpose of this requirement is to verify the receiver noise figure. Therefore, it is defined at low SNR points for the sensitivity case. The corresponding reference measurement channel is based on the lowest MCS level consisting of a QPSK modulation and 1/3 coding rate [10]. For channel bandwidths lower than or equal to 5 MHz, the reference measurement channels are defined on the basis of all resource blocks allocated to this channel bandwidth. For channel bandwidths higher than 5 MHz, sensitivity is measured using consecutive blocks consisting of 25 RBs [11].
And the power level for receiver sensitivity is calculated as following:
PREFSENS (dBm) = −174 (dBm/Hz) + 10 log(NRB · 180k) + NF + SNR + IM                      (1)
Where 
· NRB is the number of resource blocks allocated to the reference measurement channel. 
· NF is the noise figure
· SNR is the simulated Signal-to-Noise-Ratio fulfilling the throughput requirement
· IM is the implementation margin
For channel bandwidths lower than or equal to 5 MHz, NRB is all resource blocks allocated to this channel bandwidth. For channel bandwidths higher than 5 MHz, NRB is defined as 25 [11]. In all cases, the reference measurement channel counts only for one code block per transport block. For example, when NRB = 25, the transport block size is 680 at ITBS_index_0 [12], then the number of bits after encoding is (680 + 8 + 24) * 3 = 2136 bits, and it corresponds to 2136/2 = 1068 QPSK symbols, while the total number of REs allocated to this encoded block is 25 * 12 * 12 = 3600.
Considerations on defining REFSENS for flexible channel bandwidth in NR
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In NR study item stage, it was decided to introduce multiple numerologies with 15kHz to 480kHz sub-carrier spacing [13]. The detailed frame structure are under discussion in WI stage including reference symbol design, coding scheme, number of symbols per scheduling occasion etc. This feature would introduce some differences on defining REFSENS requirement together with the concept of flexible channel bandwidth. Hereby we look at each item in Eq. (1).
First of all, it is not necessary to hard limit to a fixed number of RBs when measuring REFSENS for any given channel bandwidth larger than an arbitrary bandwidth, which means it is possible to have multiple code block NCB per transport block, and we can assume all of the resource blocks corresponding to the given channel bandwidth are allocated to the reference measurement channel.
Proposal 1: All of the resource blocks corresponding to the given channel bandwidth are assumed to be allocated to the reference measurement channel when measuring REFSENS.
For the floor noise part −174 (dBm/Hz) + 10 log(NRB · 180k), it is a purely scalable to the channel bandwidth. 
For NF and IM, we may assume that it is constant with the implementation and does not rely on the channel bandwidth.
For a certain SNR value, it corresponds to the decoded bit error rate of each code block directly, and the throughput requirement is then determined by the decoded bit error rate of each code block and number of code blocks in one transport block, as shown Eq. (2).  Fig. 1 also illustrates the theoretical calculation for K=6144 and BLER = 5%.
                                                      (2)
Where  is the decoded bit error rate, NCB is the number of code blocks in one transport block, and K is the maximum code block size.
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Figure 1, The required decoded bit error rate Vs number of CBs per TB
It shows that the required decoded bit error rate is roughly similar for NCB >=5 in this example. If the transport block size is defined as a linear function of NRB in the MCS level for measuring REFSENS, SNR is the same more or less for any given channel bandwidth larger than an arbitrary value, e.g., NCB >=5 in this example, therefore the same REFSENS requirement could apply. The arbitrary value will be identified once the detailed coding scheme design is decided.
Observation 1: If the transport block size is defined as a linear function of the number of code blocks in one transport block in the MCS level for measuring REFSENS, the same SNR requirement could apply for any given channel bandwidth larger than an arbitrary value, and in this case REFSENS is linearly scalable with the channel bandwidth.
Considering the supported multiple numerologies, wider sub-carrier spacing means shorter symbol duration in time domain. RAN1 agrees that for subcarrier spacing of 15 kHz * 2n (n is non-negative integer), each symbol length (including CP) of 15kHz subcarrier spacing equals the sum of the corresponding 2n symbols of the scaled subcarrier spacing [13]. The ultimate impact from a specific numerology on the required demodulation SNR is the total number of available REs allocated to the reference measurement channel in one scheduling occasion. So it is still not clear for the time being to specify which numerology should be used for measuring REFSENS. 
Proposal 2: Which numerology is used for measuring REFSENS should be specified after the scheduling occasion is defined for different numerologies.
Conclusion
Based on the above discussions, we have the following observations and proposals on defining REFSENS for flexible channel bandwidth in NR:
[bookmark: _GoBack]Observation 1: If the transport block size is defined as a linear function of the number of code blocks in one transport block in the MCS level for measuring REFSENS, the same SNR requirement could apply for any given channel bandwidth larger than an arbitrary value, and in this case REFSENS is linearly scalable with the channel bandwidth.
Proposal 1: All of the resource blocks corresponding to the given channel bandwidth are assumed to be allocated to the reference measurement channel when measuring REFSENS.
Proposal 2: Which numerology is used for measuring REFSENS should be specified after the scheduling occasion is defined for different numerologies.
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