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1. Introduction

In the Rel-13 eMTC Work Item [1] the requirements for Category M1 devices were introduced in the TS 36.101 [2] and TS 36.133 [3]. However, the specification does not clarify if any of these requirements also apply to UEs of any other categories that support coverage enhancement (CE). This issue was discussed in RAN4 #82 and the following agreements were reached [4]:
	· Background

· The Rel-13 CE feature can be supported by any LTE UE category and not restricted to be used for Category M1 devices only
· Existing UE demodulation performance and CQI requirements for the CE feature are defined based on the simulation results with the Category M1 devices with single receiver antenna

· The applicability of existing requirements for other devices with 1 RX chain is unclear

· The requirements for the devices with 2 and 4 RX chains are not defined and existing Cat M1 requirements may not be directly reused

· It is not clear how to setup the test for demodulation and CQI requirements for devices with 2 and 4 Rx chains supporting coverage enhancement.

· Main Session Agreements
· Proposal 1: Further clarify Rel-13 CE demodulation requirements applicability for non Category M1 device categories.

· Proposal 2: Define Rel-13 CE UE demodulation requirements applicability for other device types with single receive antenna.

· Way Forward

· Define Rel-13 CE UE demodulation and CQI requirements applicability for other UE types with single receive antenna:

· Existing Rel-13 CE UE demodulation requirements are applicable for “UE Category 1 + 1RX” 

· FFS for “UE DL Category 0”

· Define additional CE UE demodulation performance and CQI requirements for the UEs with larger number of receive chains (incl. 2 and 4 RX).

· Methodology to define the requirements for 2RX and 4RX UEs is FFS

· Option 1: Simplified antennas connection method (Ref: R4-1700875)

· Reuse the existing test setups and parameters 

· The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.

· The new CE performance requirements are introduced.

· FFS to reuse the same requirements or add some margins or similar

· 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.

· Other options are not precluded

· Companies are encouraged to bring analysis on how to introduce the requirements in the RAN4 #82bis

· Example: applicable release, applicable test parameters, antenna connection methodology  


In this contribution we provide our further views on the introduction of the CE demodulation requirements for arbitrary UE categories.
2. Discussion
2.1 CE requirements introduction work plan
In our view the overall work on the introduction of the demodulation requirements for UEs supporting CE feature has the following components:

· Rel-13 eMTC CE requirements 

· BL UEs (Cat M1, CE for 1.4 MHz BW) => Requirements already defined

· Non-BL UEs (CE for 1.4 MHz BW) => In progress
· 1RX devices => Requirements applicability 
· 2/4RX devices => Work in progress for Cat1bis. FFS for Cat0.
· Rel-14 FeMTC CE requirements => No started. In the scope of FeMTC WI

· BL UEs (Cat M2, CE for 5 MHz BW)

· Non-BL UEs CE requirements (CE for 5, 20 MHz)

· 1RX devices

· 2/4RX devices

Taking into account that the eMTC WI was completed in Dec’16 we believe that the amount of work in Rel-13 TEI should be limited. The requirements for 1RX capable devices do not require any extensive work and can be added. Meantime, the work for 2/4RX may require more efforts. To avoid too big extension of work it is recommended to consider a simplified test method in Rel-13 scope and further continue discussion if more complex requirements are needed in the Rel-14 scope.
The summary of our suggestions on how to handle the overall framework to introduce the CE demodulation requirements is provided in Table 1.
Table 1. CE requirements introduction work plan
	Type of requirements
	Device type
	Proposal

	Rel-13 eMTC CE Mode A/B
	BL (Cat M1) 
	No further actions needed

	
	Non-BL: 1RX capable 
	Define applicability as a part of Rel-13 TEI

	
	Non-BL: 2/4 RX capable
	Define simplified test method as a part of Rel-13 TEI. Continue discussion on other methodologies in the R14 FeMTC WI scope.

	Rel-14 FeMTC CE Mode A/B
	BL and non-BL UEs
	Define requirements as a part of Rel-14 FeMTC WI.


Proposal #1:
Consider the following CE demodulation requirements introduction work plan

· Rel-13 eMTC

· Define applicability of existing requirements for Non-BL 1RX devices

· Define simplified test method for Non-BL 2/4RX devices

· Rel-14 FeMTC

· Continue discussion on requirements for R13 Non-BL 2/4RX devices

· Define FeMTC based CE requirements all categories of devices

2.2 Rel-13 CE Mode A/B requirements for 1RX Non-BL CE capable devices

In the previous meeting it was agreed that “Existing Rel-13 CE UE demodulation requirements are applicable for “UE Category 1 + 1RX”. In general, for the sake of completeness the requirements can be made applicable for other types of devices which theoretically can support CE feature (incl. Cat 0). Meantime, at the moment we cannot predict if any new UE categories will be allowed to operate with 1RX in the future (e.g. like Cat1bis). Hence, from the specification perspective we recommend to define the requirements in a generic way rather than specifying the exact device type.
Proposal #2: Rel-13 CE Mode A/B requirements are applicable for generic 1RX Non-BL CE capable devices

2.3 Rel-13 CE Mode A/B requirements for 2/4RX Non-BL CE capable devices

As discussed above in the Rel-13 scope we suggest to adopt the simplified methodology to define the demodulation requirements for the 2/4 RX capable devices [5]:
	…

The idea is to duplicate the Tx signal and fade into all the supported receive antennas. We think RAN4 should also follow the same applicability rule for UEs supporting coverage enhancement. 

…
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Figure 1
Antenna connection example for a UE supporting coverage enhancement tests with antenna configuration 2x2.


In addition to the suggested methodology we believe that additional margin should be introduced for the SNR requirements definition to take into account larger number of RX chains: 

SNR2RX = SNR1RX + X dB

SNR4RX = SNR1RX + Y dB

One of the advantages of the proposed methodology is that due to duplicating the antenna faders the amount of performance gains is expected to be in the range of 3 dB for 2 RX case and 6 dB for the 4RX case. Meantime, additional analysis taking into account practical relaxations is required in order to specify the exact requirements.  Hence, it is suggested to consider X = [1.5] dB and Y = [3] dB and provide additional analysis in the May meeting under common test methodology assumptions.

Proposal #3:
In Rel-13 use simplified antenna connection methodology to define the CE Mode A/B requirements for 2/4RX Non-BL CE capable devices
· Reuse the existing test setups and parameters 

· The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.

· New CE performance requirements are introduced with X dB margin vs 1RX case

· X = [1.5] dB for 2 RX devices

· X = [3.0] dB for 4 RX devices

FFS if simplified methodology to be used in Rel-14 CE requirements for 2/4RX Non-BL CE capable devices
2.4 Proposed applicability rule
In summary the following Rel-13 requirements applicability rules are suggested:

	8.1.2.9
Applicability of performance requirements for UEs supporting coverage enhancement
The requirements in section 8.11 are applicable for UEs supporting coverage enhancement mode A (ce-ModeA in UE-EUTRA-Capability [7]) or coverage enhancement mode B (ce-ModeB in UE-EUTRA-Capability [7]).

· The test cases and requirements are defined for UEs with 1 receive antenna.
· For UEs with 2 or 4 receive antennas the tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.
· For UEs with 2 receive antennas the SNR requirements should be applied with [1.5] dB less than the SNR requirement number specified for 1Rx test configuration.
· For UEs with 4 receive antennas the SNR requirements should be applied with [3.0] dB less than the SNR requirement number specified for 1Rx test configuration.


3. Conclusions

In this contribution we provided our views on the Demodulation requirements for UEs supporting CE. In summary, we make the following proposals:
Proposal #1:
Consider the following CE demodulation requirements introduction work plan

· Rel-13 eMTC

· Define applicability of existing requirements for Non-BL 1RX devices

· Define simplified test method for Non-BL 2/4RX devices

· Rel-14 FeMTC

· Continue discussion on requirements for R13 Non-BL 2/4RX devices

· Define FeMTC based CE requirements all categories of devices

Proposal #2:
Rel-13 CE Mode A/B requirements are applicable for generic 1RX Non-BL CE capable devices

Proposal #3:
In Rel-13 use simplified antenna connection methodology to define the CE Mode A/B requirements for 2/4RX Non-BL CE capable devices
· Reuse the existing test setups and parameters 

· The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.

· New CE performance requirements are introduced with X dB margin vs 1RX case

· X = [1.5] dB for 2 RX devices

· X = [3.0] dB for 4 RX devices

FFS if simplified methodology to be used in Rel-14 CE requirements for 2/4RX Non-BL CE capable devices
References

[1] RP-150492, “Further LTE Physical Layer Enhancements for MTC,” Ericsson, 3GPP RAN #67, March 2015

[2] TS 36.101 User Equipment (UE) radio transmission and reception v13.6.1 (2017-01)

[3] TS 36.133 Requirements for support of radio resource management v13.6.0 (2017-01)
[4] R4-1702164 “WF on Demodulation Requirements for UEs Supporting Coverage Enhancements”, Intel Corporation, Qualcomm, Ericsson, Huawei, HiSilicon, RAN4 #82, February 2017
[5] R4-1700875 “Applicability of demodulation requirements for UE supporting coverage enhancements” Ericsson, RAN4 #82, February 2017
PAGE  
5/5

