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1. Introduction
In Rel-13, higher category UEs are allowed to support CE through bandwidth reduced procedures. Naturally, the next question is how does Cat-M1 requirements apply to higher category UEs? This question was first discussed in RAN4 82 and a way forward was agreed [1] with the following agreements


In this document, we provide our views on applicability of Cat-M1 demod requirements to higher category UEs.
2. Discussion
With regard to the UE DL categories to which Cat-M1 demod & CQI requirements are directly applicable, the following was agreed in the way-forward [1]

UE DL Category 0 was left FFS. However, there seems to be no compelling reason not to directly apply Cat-M1 requirements to Cat-0 UEs as well, since Cat-0 UEs also have single receive antenna. Hence, we propose to directly apply Cat-M1 requirements to Cat-0 UEs.
Proposal 1: Apply Rel-13 CE UE demod & CQI requirements to DL Category 0 without any modifications.
With regard to UE DL categories which have additional receive chains (2 or 4Rx), the following options for defining requirements were agreed in the way-forward [1]:


We propose to use Option1 as the methodology for defining requirements (as described in R4-1700875 [2]), where existing CE tests are performed by duplication of the fading channel from each Tx antenna and adding independent noise for each Rx antenna. This methodology has also been adopted for extending legacy 2Rx requirements for 4Rx. 

Such approach will minimize the overall effort required for extending Cat-M1 requirements to higher category UEs in Rel-13. 

Proposal 2: Use duplication of fading channel from each Tx antenna and addition of independent noise for each Rx antenna as the antenna connection methodology for extending all PDSCH demod, MPDCCH demod & CQI test cases defined for Cat-M1 to higher category UE supporting CE.
Under Option 1 antenna connection methodology, we propose to re-use the Cat-M1 requirements for higher category UEs (for all demod test cases in Section 8 of 36.101). This is partly motivated by amount of effort required for extending the requirement and partly justified by the fact at very low SNRs channel-estimation error is significant and thus going from single Rx to 2 Rx does not necessarily provide 3dB additional gain, it is often far lower. 

Proposal 3: Extend the Cat-M1 demod (Section 8 of 36.101) requirements to higher category UEs with 2Rx and 4Rx by re-using the Cat-M1 requirements.
Option 1 antenna connection methodology can result in saturation of CQI, precluding any BLER variation that is expected in CQI definition test. Hence, we propose to lower the CQI test point of CQI definition test (meant for Cat-M1 UEs) by 3dB for 2Rx UEs. Some 4Rx UEs may choose to use only 2Rx if SNR conditions are good but the UE is configured in CE (as there is no additional benefit of being configured with more than one layer even if all 4Rx are turned on).  Hence, moving the SNR test point of the CQI definition test by 6dB may result in testing such UEs far below a reasonable SNR test for CQI definition test. Hence we suggest that the SNR test point of the CQI definition test for 4Rx UE is lowered only by 4.5dB. 
Proposal 4: Extend the CQI definition test meant for Cat-M1 UEs to higher category UE supporting CE, by lowering the SNR test point of the CQI definition test by 3dB for 2Rx and 4.5dB for 4Rx.
For narrowband CQI test, we can re-use the requirement since SNR test point is derived by running the actual test case.
Proposal 5: For higher category UE supporting CE, re-use the narrowband CQI requirement as defined for Cat-M1 UE.
Finally, for higher category UEs supporting CE, a subset of the Cat-M1 requirements may already be fulfilled by legacy tests that are applicable to higher category UE. There is no need to additionally verify such requirements. We identify that test case verifying requirements for CE mode A TM2 without repetition (and with narrowband hopping disabled) maybe redundant as TM2 requirements are already verified by Section 8.2.2.2 test cases.
Proposal 6: For higher category UE supporting CE, do not verify requirements that are already verified by legacy test cases. In particular, consider the requirements of CE mode A TM2 test case fulfilled if requirements of TM2 test cases of Section 8.2.2.2 have already been fulfilled. 
3. Conclusion
 In this document, we make the following proposals for higher category UEs supporting CE

Proposal 1: Apply Rel-13 CE UE demod & CQI requirements to DL Category 0 without any modifications.
Proposal 2: Use duplication of fading channel from each Tx antenna and addition of independent noise for each Rx antenna as the antenna connection methodology for all extending PDSCH demod, MPDCCH demod & CQI test cases defined for Cat-M1 to higher category UE supporting CE.
Proposal 3: Extend the Cat-M1 demod (Section 8 of 36.101) requirements to higher category UEs with 2Rx and 4Rx by re-using the Cat-M1 requirements.
Proposal 4: Extend the CQI definition test meant for Cat-M1 UEs to higher category UE supporting CE, by lowering the SNR test point of the CQI definition test by 3dB for 2Rx and 4.5dB for 4Rx.

Proposal 5: For higher category UE supporting CE, re-use the narrowband CQI requirement as defined for Cat-M1 UE.

Proposal 6: For higher category UE supporting CE, do not verify requirements that are already verified by legacy test cases. In particular, consider the requirements of CE mode A TM2 test case fulfilled if requirements of TM2 test cases of Section 8.2.2.2 have already been fulfilled. 
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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.





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  
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