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1. Introduction
In this contribution, we analyze RAN1 specification for Rel-13 eMTC features and provide a framework for developing demod and CSI performance requirements in RAN4. 
2. Rel-13 eMTC features
In Rel-13 eMTC, new features are introduced in order to simultaneously achieve multiple objectives like long battery- life, low device cost, extended coverage, etc. Two distinguishing features of Rel-13 eMTC that can have significant impact on demod performance compared to the Re1-12 eMTC are:
· Coverage enhancement (CE) – two modes of enhanced coverage 

· Mode A: 0-5dB CE via no to small repetition
· Mode B: 10-15 dB CE via large repetition
· Narrowband operation

· Support for operation in 6RB (1.08MHz) in both RF and BB for all system BWs
· Hopping between multiple narrow-bands of 6RB depending on system BW

In the rest of the section, we provide a brief overview of changes introduced to control channel, data channel, CSI reporting, etc. to support the above features. 
2.1. M-PDCCH – New control channel
To allow control channel decoding in conjunction with narrowband operation, a new control channel M-PDCCH (based on the design of EPDCCH) is introduced that can fit in the 6RBs. To enhance coverage, M-PDCCH can be scheduled with 

· Aggregation level of up to 24 (Possible Agg. levels, L =  {[1], 2, 4, 8, 16, 24})
· Multiple repetitions across subframes (Possible repetition levels, R = {1, 2, 4, 8, 16, 32, 64, 128, 256})
The subset of allowed aggregation level and repetition levels depends on whether the CE level is Mode A or Mode B. Further, depending on the aggregation level, the MPDCCH is allocated in PRB set of 2RB, 4RB and 4+2RB. New DCI formats, based on the coverage enhancement mode are also introduced
· Mode A: PDSCH (M1A), PUSCH (M0A)

· Mode B: PDSCH (M1B), PUSCH (M0B)

2.2. PDSCH

For Rel-13 eMTC, the following noteworthy changes are introduced for data channels

· Limited transmission mode support: Only TM 1, 2, 6 and 9 (without CSI-RS support) 
· Cross sub-frame scheduling: PDSCH, if scheduled, is scheduled 2 subframes after the subframe where the last repetition of corresponding M-PDCCH is scheduled. 
· Repetition

· Increased repetition: Based on the CE mode, different levels of PDSCH repetition is allowed. The possible set of data channel repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 768, 1024, 1536, 2048}.

· Same scrambling, RV sequence based repetition:  Over Z consecutive subframes (where Z= 1 for Mode A and Z > 1 for Mode B) within a hop, the repetition of scheduled PDSCH will be done with same scrambling and RV sequence. 
· For TM9, the same pre-coder, bundled with granularity of 3PRB in frequency, is maintained across the narrowband hop.

2.3. CSI reporting  

For Rel-13 eMTC, CSI reporting is limited to CE mode A. Both periodic as well as aperiodic CSI reporting is supported. For aperiodic CSI, Mode 2-0 is supported. For periodic CSI reporting, Mode 1-0 and Mode 1-1 are supported. Since Rel-13 eMTC supports narrowband operation, both in RF and BB, and hopping between multiple narrowbands can be enabled based on the system BW
· Subband CSI is replaced by Narrowband CSI. Narrowband CSI report is expected for each narrowband over which M-PDCCH is being monitored. For UEs in small DL coverage enhancement, the reference CSI reference resource is extended to span multiple subframes M.
· Wideband CSI will be generated based on averaging of CSI over multiple narrowband across hops.
2.4. PBCH  

Legacy PBCH will be re-used for Rel13-eMTC. However, eNB will enable PBCH repetition for large CE.
3. Test case design

The test case design should take the following items into consideration
Test coverage in both CE levels is necessary: Extended coverage (Mode A and Mode B) is a key feature of the Rel-13 eMTC. Thus, in order to obtain good test coverage, we propose to follow a framework that implicitly tests these two features while testing newly introduced design changes. It is likely that CE level Mode A will be sufficient unless the operating SNR is very low, where Mode B coverage will be required. Hence, for each new design change, defining tests with moderate-high SNR and very low SNR will give us enough flexibility to test both CE modes. 
Narrowband hopping: Narrowband hopping is another differentiating feature of Rel13-eMTC. We note that narrowband hopping is possible only if the system BW > 12RB. Thus, to test the narrowband hopping feature explicitly, we propose that all tests be defined for system BWs > 12RB. 
Loss of phase information due to RF re-tuning: RF re-tuning to hop between multiple narrowbands is allowed for Rel13-eMTC UE. RF re-tuning will result in loss on phase information that is critical for coherent processing of channel. Additionally, in order to reduce costs, some implementations of TDD or half-duplex type B FDD may have a single PLL for both DL and UL. In such implementations too, if a UE switches from DL to UL, phase information is lost. Hence performance requirement for any demodulation test, where either narrowband hopping occurs or the test configuration requires regular switching between DL and UL, should be set with a consideration that coherent processing gain by combining over subframes will be limited.
3.1. Test cases for M-PDCCH
As highlighted before, M-PDCCH repetition and aggregation levels change based on the coverage enhancement level. For Mode A, aggregation levels of L = {2, 4, 8, 16, 24} and for Mode B, aggregation levels of L = {8, 16, 24} are possible. In addition, repetition level, R, of up to 256 is possible. Functional and performance verification of M-PDCCH can be done by testing M-PDCCH configured with two different {L, R} pairs. For Mode A CE level, M-PDCCH configured with {small aggregation level, small repetition level} can be tested, while for Mode B, M-PDCCH configured with {large aggregation level, large repetition level} can be tested. If the M-PDCCH configured with {large aggregation level, large repetition level} has sufficiently large repetition level, narrowband hopping will be naturally enforced and tested. 
Proposal 1: Define tests to investigate M-PDCCH performance in both Mode A and B CE levels. To test the M-PDCCH performance in both coverage levels, one test can be defined with small aggregation and small repetition level, and another test can be defined with large aggregation and large repetition level.
3.2. Test cases for PDSCH
For PDSCH, demodulation performance needs to be assessed due to newly introduced changes such as cross subframe scheduling, large repetition factor, etc. The test cases should be defined such that the demodulation performance with both Mode A and Mode B CE levels is assessed. In order to have reasonable test coverage we propose the following. Mode A CE test should be defined at low SNR (configured with small PDSCH repetition factor, say 2-8) and moderate/high SNR (with no repetition of PDSCH).  In order avoid any redundant tests, demodulation performance tests for Mode B coverage enhancement level should be defined only for SNR levels which don’t fall within Mode A CE level. Naturally such tests should be configured with large repetition of PDSCH, say repetition factor of 256 or 512. In order to limit the number of tests, we can consider limiting the tests to transmission modes 2, 6 and 9.
Proposal 2. Define tests to investigate PDSCH demodulation performance for transmission modes 2, 6 and 9
· In CE level Mode A at low SNR (with small PDSCH repetition factor), and moderate/high SNR (with no PDSCH repetition)

· In CE level Mode B, at very low SNR, configured with large PDSCH repetition factor.
3.3. Test cases for CSI reporting 

Since CSI reporting is limited to Mode A CE level, the following discussion is applicable to Rel13-eMTC in Mode A CE level only.
3.3.1 CQI tests
A key objective of the CQI test is to ensure that UE’s CQI reporting is aligned to its demod performance. However, the reported CQI can be expected to be “aligned” to demod only if the delay between the subframe based on which CQI is generated and the subframe when the transport format indicated by the reported CQI is scheduled is small. With respect to Rel13-eMTC, we should consider the following prior to defining CQI tests

· Delay between CQI report and corresponding PDSCH scheduling can be large:
· No narrowband hopping: The minimum delay (in subframes) between the time CQI is reported in UL and the first subframe where the transport factor corresponding to the reported CQI is scheduled in DL is governed by the minimum number of repetitions of M-PDCCH required for decoding DCI corresponding to PDSCH scheduling. If U is the number of subframes that the NW will need to decode the PUCCH/PUSCH report in UL and R is the repetition factor for M-PDCCH, then the first subframe where transport format indicated by the CQI can be scheduled in U + R + 2. For low SNR, NW will possibly use schedule M-PDCCH with large R. At low SNR, reliable testing of CQI alignment can be done only under very slow fading/static channels conditions, otherwise CQI alignment needs to be tested at moderate-high SNR, where repetition level of M-PDCCH is low.
· Narrowband hopping: With narrowband hopping, in a frequency selective channel, CQI from one narrowband is not reflective of the CQI of another narrowband. The delay between the most recent narrowband CQI report corresponding to the narrowband where PDSCH is being scheduled and the first subframe where PDSCH is being scheduled can be significantly far away. In the worst case, it can add an additional delay of 2*Ych. Testing the alignment of stale CQI report with demod capability is not meaningful. Thus, reliable testing of CQI alignment can be done only if the channel is frequency non-selective channel. 
With the above considerations, at low SNR values, it makes sense to test alignment of narrowband CQI only with an AWGN channel. For an AWGN channel, narrow and wideband CQI can only differ in their accuracy due to different amounts of averaging. However, it is not clear if a separate performance requirement can be set to test the difference in accuracy of narrowband and wideband CQI in an AWGN channel. Therefore, at low SNR, it is reasonable to define only one CQI alignment test with either wideband or narrowband CQI in an AWGN channel. Further, the test can be defined for either periodic CQI reporting. We prefer to have a wideband CQI test.
Proposal 3: At low SNR, define a wideband CQI alignment test in an AWGN channel with periodic CQI reporting mechanism. 

At moderate-high SNR, since the number of repetitions required for decoding M-PDCCH is small, we can consider a test with slow fading, but frequency non selective, EPA5Hz type channel. Again, since wideband averaging provides better accuracy, we favour test with wideband CQI. 
Proposal 4: At moderate-high SNR, define a wideband CQI alignment in a slow fading channel.
Also note that the CQI reporting is based on CRS only (even for TM9). Therefore, it does not warrant to define a new CQI test for TM9.
In order to test narrowband CQI feedback, we can consider testing the difference in median CQIs two narrowbands, one configured with Noc only and another configured with interference on top of Noc. Since narrowband CQI is supported only with aperiodic CQI reporting, we have to test narrowband CQI with aperiodic CQI reporting.

Proposal 5: At moderate-high SNR, define a narrowband CQI test by testing the difference in median CQIs of a narrowband configured with interference on top of Noc and another narrowband configured with only Noc.
3.3.2 PMI tests

Similar to CQI test, the accuracy of PMI report can be tested only if the delay, between the subframe where the PMI is reported to the subframe where the reported PMI is followed at the eNodeB, is small. Accurately testing PMI reporting at low SNRs is therefore difficult. At moderate-high SNR, wideband PMI testing under frequency non-selective fading channel is reasonable.
Proposal 6: Define a wideband PMI test in a frequency non-selective slow fading channel at moderate-high SNR.
3.4. Test cases for PBCH

Since Rel-13 eMTC device qualifies as Category M UE, none of the legacy tests will be applicable to it. Hence, we need to additionally define performance requirements for PBCH for Category M UE. For small CE, cell may not enable PBCH repetition. However, for large CE, PBCH repetition within a subframe will be enabled. In order to test the PBCH performance, PBCH miss detection tests are required for both (a) small CE level with no PBCH repetition, (b) large CE level with PBCH repetition. For small CE, without PBCH repetition, existing PBCH test can be reused. For large CE, where PBCH repetition is used, new tests needs to be defined.
Proposal 7: Define a new tests to investigate PBCH performance when PBCH repetition is enabled and reuse legacy PBCH for the case where PBCH repetition is not enabled.
4. Conclusions

In this contribution, we make the following proposals:
Proposal 1: Define tests to investigate M-PDCCH performance in both Mode A and B CE levels. To test the M-PDCCH performance in both coverage levels, one test can be defined with small aggregation and small repetition level, and another test can be defined with large aggregation and large repetition level.
Proposal 2. Define tests to investigate PDSCH demodulation performance for transmission modes 2, 6 and 9

· In CE level Mode A at low SNR (with small PDSCH repetition factor), and moderate/high SNR (with no PDSCH repetition)

· In CE level Mode B, at very low SNR, configured with large PDSCH repetition factor.
Proposal 3: At low SNR, define only a wideband CQI alignment test in a static channel with either periodic or aperiodic CQI reporting mechanism.

Proposal 4: At low SNR, define only a wideband CQI alignment test in a static channel with either periodic or aperiodic CQI reporting mechanism.

Proposal 5: At moderate-high SNR, define a narrowband CQI test by testing the difference in median CQIs of a narrowband configured with interference on top of Noc and another narrowband configured with only Noc.

Proposal 6: Define a wideband PMI test in a frequency non-selective slow fading channel at moderate-high SNR.

Proposal 7: Define tests to investigate PBCH performance when (a) no repetition of PBCH is enabled, (b) PBCH repetition is enabled. 
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