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1. Introduction
New WI proposal NB-IoT was approved in RAN plenary #69, and the latest WID was the approved one in RAN#71 [1]. In RAN4#78 meeting, TP [2] for TR36.802 [3] was approved. Based on the RAN1/RAN4 agreements and proposals in our contribution [4] in this meeting, this contribution discusses how to change TS texts, clarify the remaining open issues for each requirement of transmitted signal quality, and provide draft CRs for section 6.1/6.5 in TS 36.104 and section 6.1/6.2/6.5 in TS 37.104.
2. Current agreements
In [2], following TP for TR 36.802 was agreed as below;
============start of reference=============
7.1.5 Transmitted signal quality

7.1.5.2 Frequency error

Frequency error is a measure of the difference between the actual BS transmits frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

Frequency error requirement for NB-IoT base station should reuse LTE BS requirement regardless of which operation modes the NB-IoT base station is apply. Therefore, this clause in both TS 36.104 and TS 37.104 can be kept unchanged.
7.1.5.1 Error Vector Magnitude
QPSK is the baseline modulation scheme for NB-IoT carrier and 16QAM is still FFS in RAN1. For the same modulation scheme, the EVM requirement for NB-IoT carrier should also be the same as existing LTE requirement. Therefore, this clause should be clarified for NB-IoT in both TS 36.104 and TS 37.104.
The EVM measurement shall be performed for each NB-IoT carrier over all allocated sub-channels and downlink subframes within 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each NB-IoT carrier for different modulation schemes on NB-PDSCH shall be better than the limits in table 7.1.5.1-1:

Table 7.1.5.1-1: EVM requirements

	Modulation scheme for NB-PDSCH
	Required EVM [%]

	QPSK
	17.5 %


7.1.5.3 Time alignment error
Time Alignment Error (TAE) is defined as the largest timing difference between any two signals for TX diversity, MIMO transmission, carrier aggregation and their combinations.
For NB-IoT, if SFBC is agreed to be used for 2DL antenna ports in RAN1, time alignment error requirement for MIMO or TX diversity transmissions should also be reused for SFBC. Therefore, this clause should be clarified for NB-IoT in both TS 36.104 and TS 37.104.
7.1.5.4 DL RS power

FFS

============end of reference=============

In accordance with above agreements, the latest RAN1 decisions and the proposals in out contribution [4], we discuss how to change TS 36.104 and TS 37.104 in the next clause.
3. How to change TS 36.104 and TS 37.104
In the following sub-clauses, we show current agreements and open issues for each requirement of transmitted signal quality.
3.1. Transmitted signal quality (section 6.5)
In our understanding, there is no need to change this 6.5 section for both TS 36/37.104.

3.2. Frequency error
It was agreed that frequency error requirement for LTE BS should be applied to that for NB-IoT BS regardless of operation modes. We can reuse the current TS text of E-UTRA for NB-IoT.
3.3. Error Vector Magnitude
Required EVM for QPSK was agreed to be 17.5%, and 16QAM was stated to be FFS in [2] while in RAN1#84, it was agreed that 16QAM is not supported for NB-PDSCH [5]. Thus, the EVM requirement for 16QAM can be removed from TR 36.802. We can reuse the current TS text of E-UTRA for NB-IoT, and add required EVM for only QPSK at this moment.
3.4. Time alignment error
It was agreed that necessity of TAE requirement for NB-IoT depends on whether RAN1 introduces 2DL antenna ports for SFBC or not.
1 If using SFBC is agreed.
2 If NOT using SFBC is agreed.
We provide two kinds of draft CRs for both cases. RAN4 adopts one of them in accordance with the RAN1 agreement.
3.5. DL RS power
In agreed TP [2], DL RS power is stated as FFS. As NB-IoT reference signal, “NB-RS” would be used in accordance with RAN1 discussion, and transport channel “DL-SCH” for NB-IoT would depend on the RAN2 decision [6]. RAN4 needs to discuss the required NB-RS power accuracy value (e.g., ( 2.1 dB), and agreed value should be reflected the spec.

4. Proposed draft CRs
In [4], we showed following proposals.

Proposal 1: It is proposed to clarify that unless otherwise stated the same requirement shall apply for all three operation modes in general section of TS 36.104 and TS 37.104.
Proposal 2: For TS 37.104, it is proposed to add new NB-IoT section in parallel with other RATs.

Proposal 3: For TS 36.104, it is proposed to add the NB-IoT requirement in parallel with E-UTRA requirement into the same section.
In accordance with above three proposals and discussion in the clause 3, we provide draft CRs for TS 36.104 and TS 37.104 in Annex A and B respectively. Texts highlighted in blue depend on the RAN1/RAN2/RAN4 decisions. Especially for TAE requirement, we show two kinds of CRs since there are two possible patterns shown in sub-clause 3.4.
Proposal : Draft CRs for TS 36.104 and TS 37.104 in Annex should be approved as a baseline of CRs to introduce NB-IoT for BS specs.
5. Conclusion

In this contribution, we discussed how to change TS texts, clarified open issues for each requirement of transmitted signal quality, and provided draft CR for section 6.1/6.5 in TS 36.104 and section 6.1/6.2/6.5 in TS 37.104 based on the current agreements and proposal in our contribution. Draft CRs for TS 36.104 and TS 37.104 are provided in Annex clause. 
Proposal : Draft CRs for TS 36.104 and TS 37.104 in Annex should be approved as a baseline of CRs to introduce NB-IoT for BS specs.
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----- Unchanged sections omitted -----
6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with one or multiple transmitter antenna connectors, transmit diversity or MIMO transmission, the requirements apply for each transmitter antenna connector. 

Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B).

Unless otherwise stated the requirements in clause 6 applies at all times, i.e. during the Transmitter ON period, the Transmitter OFF period and the Transmitter transient period.
Unless otherwise stated the requirements for NB-IoT in clause 6 applies for all operation modes (In-band operation, Guard-band operation and Stand-alone operation).
----- Unchanged sections omitted -----
6.5
Transmitted signal quality

The requirements in subclause 6.5 apply to the transmitter ON period.
6.5.1
Frequency error

Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

6.5.1.1
Minimum requirement

For E-UTRA, the modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within the accuracy range given in Table 6.5.1-1 observed over a period of one subframe (1ms).
For NB-IoT, the modulated carrier frequency of each NB-IoT carrier configured by the BS shall be accurate to within the accuracy range given in Table 6.5.1-1 observed over a period of one subframe (1ms).
Table 6.5.1-1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


6.5.2
Error Vector Magnitude

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex E. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.  

For E-UTRA, for all bandwidths, the EVM measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each E-UTRA carrier for different modulation schemes on PDSCH shall be better than the limits in table 6.5.2-1:

Table 6.5.2-1: EVM requirements for E-UTRA carrier
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


For NB-IoT, for all bandwidths, the EVM measurement shall be performed for each NB-IoT carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each NB-IoT carrier on NB-PDSCH shall be better than the limits in table 6.5.2-2:

Table 6.5.2-2: EVM requirements for NB-IoT carrier

	Modulation scheme for NB-PDSCH
	Required EVM [%]

	QPSK
	17.5 %


6.5.3
Time alignment error

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 

Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.
6.5.3.1
Minimum Requirement

For E-UTRA, for MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.

For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
For NB-IoT, for MIMO or TX diversity transmissions at each carrier frequency, TAE shall not exceed 65 ns.

6.5.3
Time alignment error

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 

Frames of the signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.

6.5.3.1
Minimum Requirement
For E-UTRA, for MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.

For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
For NB-IoT, minimum requirement is not applicable.

6.5.4
DL RS power 

For E-UTRA, DL RS power is the resource element power of the Downlink Reference Symbol
.

The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier at the BS antenna connector.
For NB-IoT, DL NB-RS power is the resource element power of the Downlink Narrow-band Reference Symbol
.

The absolute DL NB-RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL NB-RS power indicated on the DL-SCH and the DL NB-RS power of each NB-IoT carrier at the BS antenna connector.

6.5.4.1
Minimum requirements

For E-UTRA, DL RS power of each E-UTRA carrier shall be within ( 2.1 dB of the DL RS power indicated on the DL-SCH
For NB-IoT, DL NB-RS power of each NB-IoT carrier shall be within ( 2.1 dB of the DL NB-RS power indicated on the DL-SCH
----- Unchanged sections omitted -----
Annex B (draft CR for TS 37.104)

----- Unchanged sections omitted -----
6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector. 

A BS supporting DC-HSDPA and DB-DC-HSDPA transmits two UTRA FDD cells simultaneously. A BS supporting DC-HSDPA transmits two UTRA FDD cells simultaneously on adjacent carrier frequencies. 

Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (test port B).

Unless otherwise stated the requirements in subclause 6 applies at all times, i.e. during the Transmitter ON period, the Transmitter OFF period and the Transmitter transient period.

Unless otherwise stated the requirements for NB-IoT in subclause 6 applies for all operation modes (In-band operation, Guard-band operation and Stand-alone operation).

----- Unchanged sections omitted -----
6.2.3
E-UTRA minimum requirement for DL RS power

For E-UTRA, the minimum requirement for DL RS power is specified in TS 36.104 [4], subclause 6.5.4.

6.2.4
UTRA FDD minimum requirement for primary CPICH power

For UTRA FDD, the minimum requirements for primary CPICH power is specified in TS 25.104 [2], subclause 6.4.4.

6.2.4A
UTRA FDD minimum requirement for secondary CPICH power

For UTRA FDD, the minimum requirements for secondary CPICH power is specified in TS 25.104 [2], subclause 6.4.4A.

6.2.5
UTRA TDD minimum requirement for primary CCPCH power

For UTRA TDD, the minimum requirements for Primary CCPCH power and Differential accuracy of primary CCPCH power specified in TS 25.105 [3], subclause 6.4.5 and 6.4.6 respectively.

6.2.6
NB-IoT minimum requirement for DL NB-RS power

For NB-IoT, the minimum requirement for DL NB-RS power is specified in TS 36.104 [4], subclause 6.5.4.
----- Unchanged sections omitted -----
6.5
Transmitted signal quality

6.5.1
Modulation quality

Modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM), Peak Code domain Error (PCDE) or Relative Code domain Error (RCDE).

6.5.1.1
E-UTRA minimum requirement

For E-UTRA, the minimum requirement for modulation quality, EVM, is specified in TS 36.104 [4], subclause 6.5.2.

6.5.1.2
UTRA FDD minimum requirement

For UTRA FDD, the minimum requirements for modulation quality, EVM, PCDE and RCDE, are specified in TS 25.104 [2], subclause 6.8.2, 6.8.3 and 6.8.5 respectively. The UTRA transmit pulse shape filter is defined in subclause 6.8.1.

6.5.1.3
UTRA TDD minimum requirement

For UTRA TDD, the minimum requirements for modulation quality, EVM, PCDE and RCDE, are specified in TS 25.105 [3], subclause 6.8.2, 6.8.3 and 6.8.4 respectively.

6.5.1.4
GSM/EDGE minimum requirement

For GSM/EDGE, the minimum requirements for modulation accuracy are specified in TS 45.005 [5], subclause 4.6 .

6.5.1.5
NB-IoT minimum requirement

For NB-IoT, the minimum requirement for modulation quality, EVM, is specified in TS 36.104 [4], subclause 6.5.2.
6.5.2
Frequency error

Frequency error is a measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

6.5.2.1
E-UTRA minimum requirement

For E-UTRA, the minimum requirement for frequency error is specified in TS 36.104 [4], subclause 6.5.1.

6.5.2.2
UTRA FDD minimum requirement

For UTRA FDD, the minimum requirement for frequency error is specified in TS 25.104 [2], subclause 6.3.1.

6.5.2.3
UTRA TDD minimum requirement

For UTRA TDD, the minimum requirement for frequency error is specified in TS 25.105 [3], subclause 6.3.1.

6.5.2.4
GSM/EDGE minimum requirement

For GSM/EDGE, the minimum requirement for frequency error is specified in TS 45.005 [5], subclause 4.4 .

6.5.2.5
NB-IoT minimum requirement

For NB-IoT, the minimum requirement for frequency error is specified in TS 36.104 [4], subclause 6.5.1.
6.5.3
Time alignment error

This requirement applies to frame timing in:

-
UTRA single/multi-carrier transmissions, and their combinations with MIMO or TX diversity.

-
E-UTRA single/multi-carrier transmissions, and their combinations with MIMO or TX diversity.

-
E-UTRA Carrier Aggregation, with or without MIMO or TX diversity.
-
NB-IoT transmissions, and their combinations with MIMO or TX diversity.

Frames of the WCDMA/LTE/NB-IoT signals present at the BS transmitter antenna connector(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna connector (s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, the Time Alignment Error (TAE) is defined as the largest timing difference between any two signals.
6.5.3.1
E-UTRA minimum Requirement

For E-UTRA, the minimum requirement for time alignment is specified in TS 36.104 [4], subclause 6.5.3.

6.5.3.2
UTRA FDD minimum requirement

For UTRA FDD, the minimum requirement for time alignment is specified in TS 25.104 [2], subclause 6.8.4.

6.5.3.3
UTRA TDD minimum requirement

For UTRA TDD, the minimum requirement for time alignment is specified in TS 25.105 [3], subclause 6.8.5.
6.5.3.4
NB-IoT minimum Requirement

For NB-IoT, the minimum requirement for time alignment is specified in TS 36.104 [4], subclause 6.5.3.

6.5.3
Time alignment error

This requirement applies to frame timing in:

-
UTRA single/multi-carrier transmissions, and their combinations with MIMO or TX diversity.

-
E-UTRA single/multi-carrier transmissions, and their combinations with MIMO or TX diversity.

-
E-UTRA Carrier Aggregation, with or without MIMO or TX diversity.

Frames of the WCDMA/LTE signals present at the BS transmitter antenna connector(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna connector (s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, the Time Alignment Error (TAE) is defined as the largest timing difference between any two signals.
6.5.3.1
E-UTRA minimum Requirement

For E-UTRA, the minimum requirement for time alignment is specified in TS 36.104 [4], subclause 6.5.3.

6.5.3.2
UTRA FDD minimum requirement

For UTRA FDD, the minimum requirement for time alignment is specified in TS 25.104 [2], subclause 6.8.4.

6.5.3.3
UTRA TDD minimum requirement

For UTRA TDD, the minimum requirement for time alignment is specified in TS 25.105 [3], subclause 6.8.5.

----- Unchanged sections omitted -----
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�If using SFBC is agreed.


�If NOT using SFBC is agreed.


�Is this typo of “Signal”?


�Is this typo of “Signal”?


��If using SFBC is agreed.


��If NOT using SFBC is agreed. (No change is needed.)
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