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1
Introduction
As we discussed in RAN4#82bis [1], the current demodulation and CQI requirements for UE supporting coverage enhancement are derived from the single Rx UE such as Cat-M1. However, the coverage enhancement capability is not limited to UE Cat-M1, but also applicable for higher category UEs (non-BL UE) and these UEs usually have 2 or more receive antennas. 
RAN4#82bis discussed the UE demodulation and CQI requirements for non-BL UE supporting coverage enhancement and agreed with considering the following options in the way forward [1]. In this contribution we discuss the UE demodulation and CQI requirements for non-BL UE supporting coverage enhancement.
	
	Antenna connection
	Test setup and parameters
	Requirements

	Option 1-1
	Simplified antennas connection method (See appendix). The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.
	Same as Rel-13 eMTC except reduced SNR for CQI definition test
	Same as Rel-13 eMTC.

	Option 1-2
	Simplified antennas connection method (See appendix). The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.
	Same as Rel-13 eMTC except reduced SNR for CQI definition test
	Add some margins to the Rel-13 requirements depending on the number of receive antennas

	Option 2
	Full antenna connection method. New CE tests with full channel models are defined under assumption that channel fading is independently generated for each RX antenna.
	Reuse the Rel-13 eMTC setting. Repetition number may be adjusted.
	New requirements

	Option 3
	Connect one antenna port regardless of the number of receive antennas. Rest of antenna ports are open or terminated.
	Same as Rel-13 eMTC.
	Same as Rel-13 eMTC.


2
Discussion
Option 1-1 and 1-2 apply the simplified connection rule as this is used for 4Rx UE to test for 2Rx UE demodulation and CQI requirements. Figure 1 is an example of simple connection for 2Rx UE to test for 1Rx UE requirements. The difference between option 1-1 and 1-2 is whether or not we add extra margin depending on the number of receive antennas. For example, when 4Rx UEs are tested for 2Rx UE demodulation requirements with simple connection method, the SNR requirements are applied with 1.5dB less than the numbers specified with 2Rx (Refer to TS36.101 8.1.2.6.1). For CQI requirements, regardless of option 1-1 or 1-2, the SNR requirements should be applied with a fixed value, e.g., 3dB, less than the numbers specified in with 1Rx UE (Refer to TS36.101 9.1.1.4.1). The reason is the CQI reporting test collects the reported CQI value at the specified test point (SNR) in order to calculate a median CQI value. We should adjust the test points in order to keep the same median CQI value.
The benefit of these options is small work load in RAN4. We should take into account Rel-13 eMTC performance part has already completed and RAN4 have started Rel-14 FeMTC performance part discussion. 
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Figure 1
(Option 1-1 and 1-2) Simplified antenna connection example for a UE supporting coverage enhancement tests with antenna configuration 2x2.

Option 2 means to introduce new demodulation and CQI requirements for coverage enhancement UE with full connection between transmit and receive antennas. This option will show the benefit of 2Rx or 4Rx UEs supporting coverage enhancement, but the concern is the work load in RAN4 as we discussed in option 1-1/1-2. From our experience it requires 2-3 meetings from alignments to the final CR. 
Option 3 is alternative way of testing 2Rx UE for 1Rx UE requirements. In this method the received signals are fed into the main receive antenna only and other antenna ports are open or terminated as shown in Figure 2. The benefit of this connection is we can keep the same demodulation and CQI requirements. On the other hand, some UE might need a special functionality to detect the no signals on the opened/terminated antenna ports.
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Figure 2
(Option 3) One antenna port connection regardless of the number of receive antennas. Rest of antenna ports are open or terminated.

Considering the RAN4 work load and benefit of introducing the new requirements, our preference is option 1-1. The reason is because not only Rel-13 eMTC performance part have already complete but also RRM part also agreed to reuse the existing core requirements for Cat-M1 both in normal coverage/CE Mode A and in enhanced coverage/CE Mode B [2]. It might be beneficial to consider the extra margin as in option 1-2 if RAN4 does not need additional simulation campaign to decide how much gain should be considered.
Proposal 1: In Rel-13, use option 1-1 for demodulation and CQI requirements for non-BL UEs. The proposed applicability rule should be specified in Rel-13 TS36.101 as shown in Appendix.
Our proposal in Rel-13 UE demodulation and CQI requirements is to focus on the basic BL/CE functionality, but in Rel-14 we introduce demodulation and CQI requirements assuming not only for BL UE such as Cat-M1/M2 but also non-BL UEs. This is also aligned with the agreement in the RRM discussion.
Proposal 2: In Rel-14, use option 2 for demodulation and CQI requirements for non-BL UEs supporting coverage enhancement. 
3
Conclusion

Proposal 1: In Rel-13, use option 1-1 for demodulation and CQI requirements for non-BL UEs. The proposed applicability rule should be specified in Rel-13 TS36.101 as shown in Appendix.

Proposal 2: In Rel-14, use option 2 for demodulation and CQI requirements for non-BL UEs supporting coverage enhancement. 
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Appendix

Text proposal for applicability rule to be specified in TS36.101.

----------------------------------------------------- Beginning of Change ------------------------------------------------------------
8.1.2.10
Applicability of performance requirements for UEs supporting coverage enhancement
For non-BL UEs supporting coverage enhancement mode A (ce-ModeA in UE-EUTRA-Capability [7]), all the tests for CE Mode A specified in 8.11 are tested on any of the RF bands the UE supports. For the tests for UEs with two or more receive antennas, the tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna. 

For non-BL UEs supporting coverage enhancement mode B (ce-ModeB in UE-EUTRA-Capability [7]), all the tests for CE Mode B specified in 8.11 are tested on any of the RF bands the UE supports. For the tests for UEs with two or more receive antennas, the tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna. 

Figure 8.1.2.10-1 shows an example of antenna connection for UEs with 2 receiver antenna ports supporting coverage enhancement to perform a 1Rx performance test with antenna configuration as 2x1 without interference for information.
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Figure 8.1.2.10-1 Antenna connection example for 2Rx tests with antenna configuration as 2x1 without interference (informative)

------------------------------------------------- Unchanged sections omitted --------------------------------------------------------
8.11
Demodulation (UE supporting coverage enhancement)

The requirements in this sub-clause are defined based on the simulation results with UE DL Category M1 with single receive antenna unless otherwise stated.

------------------------------------------------- Unchanged sections omitted --------------------------------------------------------
9.1.1.5
Applicability of requirements for UEs supporting coverage enhancement
For non-BL UEs supporting coverage enhancement mode A (ce-ModeA in UE-EUTRA-Capability [7]), all the tests for CE Mode A specified in 9.8 are tested on any of the RF bands the UE supports. For the tests for UEs with two or more receive antennas, the tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna. The SNR requirements should be applied with [3 dB] more than the number specified with single receive antenna.
------------------------------------------------- Unchanged sections omitted --------------------------------------------------------
9.8
CSI reporting (UE supporting coverage enhancement)

The requirements in this sub-clause are defined based on the simulation results with UE DL Category M1 with single receive antenna unless otherwise stated.

------------------------------------------------------------- End of change ------------------------------------------------------------
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