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1. Introduction
New WI proposal NB-IoT was approved in RAN plenary #69, and the WID was revised in RAN#70 [1]. In RAN4#77 NB-IoT AH meeting, WF on BS RF requirements was agreed in [2]. In [2], for RX requirements, NB-IoT REFSENS is top prioritized to investigate and the others except for ACS are suspended until the REFSENS discussion progresses and the ACS needs to wait for the co-existence outcome. Although the prioritization was made, we believe that it would be beneficial to discuss not only REFSENS but also the whole picture of the Rx requirements. Thus, in this contribution, we discuss how to define each RX RF requirement for in-band and guard-band operations.
2. Background

2.1. Agreed WF
In [2], WF on receiver requirement was agreed as below;
====start of reference====

· Receiver requirements (to investigate)
· NB-IoT REFSENS
· Top priority as it’s used for the other requirements
· Define Fixed Reference Channel
· Others
· ACS pending on coexistence.
· Pending on REFSENS.
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LTE + NB-IoT in band / guard band

NB-IoT standalone

LTE NB-IoT

Reference sensitivity level No change To specify To specify

Dynamic range No change To specify To specify

In-band selectivity and blocking

Blocking No change To specify To specify

Narrowband blocking No change To specify To specify

Out-of-band blocking No change To specify To specify

Receiver spurious emissions No change No change No change

Receiver intermodulation

Intermodulation No change To specify To specify

Narrowband intermodulation No change To specify To specify

In-channel selectivity No change To specify To specify

Performance requirements No change To specify To specify


====end of reference====
2.2. Possible pattern for UL transmission
Following table 2.2-1 summarizes possible pattern for UL transmission based on agreements in RAN1 [4].
Table 2.2-1 possible pattern for UL transmission
	Index
	operation mode
	tone
	sub-carrier space
	UL modulation scheme
	# of tones

	1
	in-band
	single-tone
	15kHz
	Pi/2-BPSK
	1 tones

	2
	
	
	
	Pi/4-QPSK
	1 tones

	3
	
	
	
	QPSK
	1 tones

	4
	
	
	3.75kHz
	Pi/2-BPSK
	1 tones

	5
	
	
	
	Pi/4-QPSK
	1 tones

	6
	
	
	
	QPSK
	1 tones

	7
	
	multi-tone
	15kHz
	QPSK
	3/6/12 tones

	8
	guard-band
	single-tone
	15kHz
	Pi/2-BPSK
	1 tones

	9
	
	
	
	Pi/4-QPSK
	1 tones

	10
	
	
	
	QPSK
	1 tones

	11
	
	
	3.75kHz
	Pi/2-BPSK
	1 tones

	12
	
	
	
	Pi/4-QPSK
	1 tones

	13
	
	
	
	QPSK
	1 tones

	14
	
	multi-tone
	15kHz
	QPSK
	3/6/12 tones

	15
	stand-alone
	single-tone
	15kHz
	Pi/2-BPSK
	1 tones

	16
	
	
	
	Pi/4-QPSK
	1 tones

	17
	
	
	
	QPSK
	1 tones

	18
	
	
	3.75kHz
	Pi/2-BPSK
	1 tones

	19
	
	
	
	Pi/4-QPSK
	1 tones

	20
	
	
	
	QPSK
	1 tones

	21
	
	multi-tone
	15kHz
	QPSK
	3/6/12 tones


According to the above agreed WF [2] in RAN4 and the Table 2.2-1 from RAN1, we discuss how to define each RX RF requirement for in-band/guard-band operations with 15 kHz spacing in the next clause as a first step. (patterns highlighted in gray in Table 2.2-1 (# 4, 5, 6, 11, 12, 13, 15 to 21) are not discussed in this contribution)
3. How to define RX RF requirements

In this contribution, we use “E-UTRA channel BW” as E-UTRA channel BW (i.e., 1.4, 3, 5, 10, 15 or 20 MHz), and “NB-IoT channel BW” as 200 kHz.
3.1. Reference sensitivity level
3.1.1. E-UTRA requirements
REFSENS is the minimum mean power at which a certain throughput requirement shall be met. As a reference measurement channel, FRC A1-1, A1-2 and A1-3 (low data modulation scheme and low code rate) are used for each E-UTRA channel BW. For BS with 1.4/3/5 E-UTRA channel BW, full RB allocation is assumed.
REFSENS for E-UTRA was specified as following steps in release-8 time frame [3].
1. Set noise figure (NF = 5dB)
2. Design FRC parameters

3. Evaluate required SNR (under the condition thermal noise and NF exist)

4. Decide implementation margin (IM = 2 dB)
5. Agree RERFSENS (= -174[dBm/Hz] + 10log10(NRB*180k) + NF + SNR + IM)
For example for Wide Area BS, BS receiver NF and IM are equal to 5 dB and 2dB respectively.
3.1.2. For NB-IoT

For NB-IoT, REFSENS should also be the minimum mean power at which a certain throughput shall be met. First of all, RAN4 needs to agree new FRC parameters for NB-IoT REFSENS for in-band and guard-band respectively. E.g. the number of tones per RB and the number of RBs per E-UTRA channel BW used for NB-IoT UL transmission, and the number of RBs per E-UTRA channel BW used for E-UTRA UL transmission should be considered. Regarding the number of tones per RB, it should be studied whether requirements for both single-tone and multi-tones or for either of them should be defined. The number of RBs for NB-IoT depends on the RAN1 agreement on multiple PRB operation. Regarding number of RBs for E-UTRA UL transmission, it should be studied whether NB-IoT REFSENS should be evaluated under the condition that the existing E-UTRA signals or not in the same E-UTRA channel BW. As a modulation scheme, lowest data modulation scheme (e.g. Pi/2-BPSK) should be also used as with E-UTRA.
After that, in order to decide REFSENS value, we can reuse the same steps as E-UTRA where NF is determined depending on BS classes regardless of the E-UTRA channel BW and frequency band. Namely we should also assume the same NF value for NB-IoT at least for in-band operation. (It was also agreed that same BS types as E-UTRA are used for NB-IoT in [2].)

If we assume in-band/guard-band operation with 15 kHz, we may be able to calculate REFSENS for NB-IoT by using current E-UTRA REFSENS value. Since the spacing between sub-carriers for NB-IoT is the same as that for E-UTRA.
Proposal 1: To define REFSENS for NB-IoT

· As a first step, RAN4 needs to agree new FRC parameters for in-band and guard-band operations respectively.
· Modulation scheme,
· lowest data modulation scheme (e.g. Pi/2-BPSK) should be used
· The number of used tones for NB-IoT per RB
· whether for both single/multi-tones or either of them

· The number of used RBs for NB-IoT per E-UTRA channel BW
· depends on the RAN1 agreement on multiple PRB operation

· The number of used RBs for E-UTRA in E-UTRA channel BW

· whether E-UTRA RBs should exist or not in the same E-UTRA channel BW

· As a second step, RAN4 needs to conduct simulation to obtain required SNR.
· For NF values for NB-IoT,

· For in-band operation, we should reuse those for E-UTRA BS classes (CBW and frequency band independent)
· For guard-band operation, whether NF values can be reused or not is FFS

3.2. Dynamic ranges
3.2.1. E-UTRA requirements
The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth and high wanted signal levels. AWGN is modeled for interfering signal as an inter-cell interference. FRC A2-1, A2-2 and A2-3(high data modulation scheme and high code rate) are used.
Dynamic range for E-UTRA was specified as similar steps with REFSENS. The differences are listed as below.
· Evaluate typical interference level and decide interference model
· Design FRC parameters with high data modulation scheme and high code rate
3.2.2. For NB-IoT

For NB-IoT dynamic range, the receiver capability should be measured in the presence of the interfering signal from other cells. We can reuse the same steps as E-UTRA as well as REFSENS. We need to agree new FRC parameters for NB-IoT dynamic range for in-band and guard-band respectively. E.g. the number of tones per RB and the number of RBs per E-UTRA channel BW used for NB-IoT UL transmission, and the number of RBs per E-UTRA channel BW used for E-UTRA UL transmission should be considered. Each number should be studied as with REFSENS.
High modulation scheme and code rate which NB-IoT supports should be considered. Regarding interference signal type, RAN4 needs to study whether AWGN can reuse or not for E-UTRA+NB-IoT inter-cell co-channel interference especially for guard-band operation. For guard-band operation, available RBs for UL transmission would be different with E-UTRA or in-band operation, thus it should be identified that inter-cell co-channel interference is same as E-UTRA and is able to be modeled as AWGN. If not we need to model new interfering signal.
Proposal 2: To define dynamic range requirement for NB-IoT

· As a first step, RAN4 needs to agree new FRC parameters for in-band and guard-band operations respectively.
· The number of used tones for NB-IoT per RB
· whether for both single/multi-tones or either of them

· The number of used RBs for NB-IoT per E-UTRA channel BW
· depends on the RAN1 agreement on multiple PRB operation

· The number of used RB for E-UTRA in E-UTRA channel BW
· whether E-UTRA RBs should exist or not in the same E-UTRA channel BW

· Highest modulation scheme and code rate which NB-IoT supports should be considered
· whether Pi/4-QPSK or QPSK should be used.

· RAN4 needs to study whether AWGN can reuse or not for E-UTRA+NB-IoT inter-cell co-channel interference especially for guard-band operation, if not we need to model new interfering signal.
3.3. In-channel selectivity
3.3.1. E-UTRA requirements
In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of another in-channel wanted signal as an interfering signal received at a larger power spectral density. FRC A1-4, A1-5 and A1-3 (low data modulation scheme and low code rate with some RBs) are used for each E-UTRA channel BW. Remaining RBs are used as an interference with high PSD.

In-channel selectivity for E-UTRA was specified as similar steps with REFSENS. The differences are listed as below.

· Some RBs are used for wanted signal, and the others are for interference

· Evaluate the applicable mean power difference between wanted signal and interference signal

3.3.2. For NB-IoT

For E-UTRA, it is the condition that wanted RBs and interference RBs are mixed in the same E-UTRA channel BS. The issue we need to study is how to model such a condition for NB-IoT. The condition is divided into two cases summarized as below with open issues.
· For in-band operation with 15kHz
· Case 1 (In NB-IoT channel BW selectivity): For 12 sub-carriers (tones) in one RB, some of 12 carriers with low PSD for wanted signal and the other sub-carriers with high PSD for interference signal.
· How many numbers of carrier (tone) for wanted and interfere?

· Requirements for both single-tone and multi-tones? Or either of them?

· Whether E-UTRA RBs should exist or not in the other RBs?

· Case 2 (In E-UTRA channel BW selectivity): Some RBs is for NB-IoT with low PSD, and the other RBs are for E-UTRA interference with high PSD

· How many numbers of RBs for wanted NB-IoT signal?
· How many numbers of carriers (tones) in a wanted NB-IoT signal RB?

· Requirements for both single-tone and multi-tones? Or either of them?

· How many numbers of RB for interference E-UTRA signal?

· For guard-band operation with 15kHz
· Case 1 (In NB-IoT channel BW selectivity): similar with in-band operation

· Case 2 (In E-UTRA channel BW selectivity): is it applicable model as in-channel selectivity requirements?

If RAN4 agrees the model, we can proceed with the discussion by reusing the same steps as E-UTRA.

Proposal 3: To define in-channel selectivity requirement for NB-IoT

· RAN4 needs to agree the number of wanted signal and interference signal.
· Case1: some carriers (tones) for wanted and interference signals in one RB
· Case2: some carriers in some RBs for wanted signal, and other RBs for interference signal
· Similar FRC parameters can be reuse with REFSENS.

3.4. Adjacent Channel Selectivity (ACS) and narrow-band blocking
3.4.1. E-UTRA requirements
Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. Two types of interfering signal are considered, E-UTRA signal with full RB and E-UTRA signal with 1RB. For example, allowed degradations from REFSENS are defined 6 dB for WA BS, MR BS and LA BS with 5 to 20 MHz.
For ACS requirement, as an interfering signal, E-UTRA (1.4/3/5 MHz) full RBs is defined and placed adjacent to wanted signal.

For narrowband blocking requirement, as an interfering signal, E-UTRA (1.4/3/5 MHz) 1RB with high PSD is defined and placed with several offset values.
3.4.2. For NB-IoT

For E-UTRA, an interfering signal in adjust E-UTRA channel BW is assumed. The issue we need to study is how to model such a condition for NB-IoT. We consider three options summarized as below. Allowed degradations from REFSENS and interfering signals level may be also reconsidered (Either specify the allowed degradation level due to same interfering signal level, or specify the interfering signal level due to the same allowed degradation level).
· ACS

· For in-band/guard-band operations with 15kHz

Table 3.4-1 adjacent interfering signal type for ACS

	
	Option 1
	Option 2
	Option 3

	An adjacent interfering signal
	E-UTRA
	NB-IoT
	E-UTRA + NB-IoT


The location of wanted NB-IoT RB and the associated the number of tones and positions in E-UTRA channel BW should be considered for all three options. Option 2 (NB-IoT adjacent interference) becomes similar requirement with NB blocking, thus Option 1 or 3 are preferred.
· NB blocking

· For in-band/guard-band operation with 15kHz
Table 3.4-2 adjacent interfering signal type for NB blocking

	
	Option 1
	Option 2
	Option 3

	An adjacent interfering signal
	E-UTRA
	NB-IoT
	E-UTRA + NB-IoT


The location of wanted NB-IoT RB in E-UTRA channel BW interfering signal centre frequency offset should be considered for all three options. Option 1 or 3 (E-UTRA or E-UTRA + NB-IoT adjacent interference) become similar requirement with ACS, thus Option 2 is preferred.

Proposal 4-1: For ACS requirements for NB-IoT, E-UTRA or E-UTRA + NB-IoT interfering signal should be assumed as adjacent interfering signal.

· It is open issue that whether E-UTRA or E-UTRA + NB-IoT and location of wanted NB-IoT RB in E-UTRA channel BW
Proposal 4-2: For narrowband blocking requirements for NB-IoT, NB-IoT interfering signal should be assumed as adjacent interfering signal.

· It is open issue that location of wanted NB-IoT RB in E-UTRA channel BW, and Interfering signal centre frequency offset
3.5. Blocking
3.5.1. E-UTRA requirements
The blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer, which are either a 1.4MHz, 3MHz or 5MHz E-UTRA signal for in-band blocking or a CW signal for out-of-band blocking. General blocking requirement and co-location with other BS requirement are defined. The centre frequency range of interfering signal is defined as (FUL_low – XX) to (FUL_high + YY) for in-band blocking and as the other range for out-of-band blocking. Allowed degradations from REFSENS are defined e.g. 6 dB.
3.5.2. For NB-IoT

For NB-IoT, we can reuse conditions for E-UTRA blocking requirements such as type of interfering signal, centre frequency range of interfering signal and interfering signal mean power level. Since we proposed that E-UTRA interfering signal should be considered for ACS requirements in Section 3.4, we can also apply the same scenario for E-UTRA to that for NB-IoT as well. For out-of-band blocking requirement, so far any reasons to change CW carrier interfering signal to another are identified. As for co-location with other BS, we refer to what we have for E-UTRA requirements. Allowed degradations from REFSENS may be reconsidered if we use same interfering signal level.
Proposal 5: For general blocking requirements and co-location with other BS for NB-IoT, similar parameters with E-UTRA can be reused as below.
· same type of interfering signal (1.4~5MHz E-UTRA for in-band blocking and CW carrier for out-of-band blocking)

· same centre frequency range of interfering signal
· same interfering signal mean power level
· allowed degradations from REFSENS may be reconsidered

3.6. Receiver spurious emissions
It was already agreed that receiver spurious emissions is not changed for in-band/guard-band/stand-alone operations in [2] as shown in clause 2.

3.7. Receiver intermodulation
3.7.1. E-UTRA requirements
Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal. Intermodulation performance requirement and narrowband intermodulation performance requirement are defined. Two interfering RF signals are CW and E-UTRA signal respectively. Interfering signals centre frequency offset is designed as IMD produced by two interfering signal fall into wanted signal. Allowed degradations from REFSENS are defined e.g. 6 dB.
3.7.2. For NB-IoT

For intermodulation performance requirement, two interfering signal types and the corresponding interfering signal mean power levels for E-UTRA requirement can be also reused as it is. For narrowband intermodulation performance requirement, 1 RB E-UTRA interfering signal should be changed to single-tone NB-IoT interfering signal since there is a possibility to exist NB-IoT signal at adjacent frequency. Regarding centre frequency offset, RAN4 should reconsider the frequency offset for IMD to fall into wanted signal. Allowed degradations from REFSENS may be also reconsidered if we use same interfering signal level.
Proposal 6-1: For intermodulation performance requirement for NB-IoT,

· similar parameters with E-UTRA can be reused as below.
· same types of two interfering signal (1.4~5MHz E-UTRA and CW)
· same mean power levels of two interfering signal
· it is open issue that frequency offset as IMD fall into wanted signal
· degradations from REFSENS may be reconsidered
Proposal 6-2: For narrowband intermodulation performance requirement for NB-IoT,
· 1 RB E-UTRA interfering signal should be changed to single-tone NB-IoT interfering signal
· it is open issue that frequency offset as IMD fall into wanted signal
· degradations from REFSENS may be reconsidered

4. Conclusion

In this contribution, we discussed how to define each RX RF requirement for in-band and guard-band operations with 15 kHz spacing. We obtained proposals as shown in above sections for each RX RF requirement. Although the prioritization was made in the agreed WF, analysis and proposals in this contribution would be beneficial.
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