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1. Introduction
In RAN1#79 meeting, there was agreement on the coverage enhancement target as following [1]:
· The coverage enhancement targets for non Rel-13 low complexity UE are:
· For FDD, the target MCL is 155.7 dB.
· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].
· RAN1 has discussed the coverage enhancement targets for Rel-13 low complexity UEs and agreed to target the same MCL as for other UEs.
· This means that some channel(s) may need to be enhanced more than 15 dB.
· The target is set under the assumption that this doesn’t require significant additional work compared to targeting only up to 15 dB.
· The above targets are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm.
· Working assumption: If RAN4 agrees that P < 20 dBm, the target uplink MCL for the new UE power class is reduced correspondingly to 155.7 - (20 - P) dB.
· When applicable, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2
· The reference system has 10 MHz system bandwidth and no power boosting
As shown in TR 36.888 [2], the coverage enhancement (CE) target for PDSCH is about 11 dB or 15 dB depending on the number of UE receive antennas. In this contribution, we discuss several design aspects of CQI/MCS/TBS table for MTC.
2. CQI table design
An UE in CE mode may require a certain amount of repeated transmissions to achieve the required CE level. UE may also require repetitions for CSI feedback. Even if the large number of repetitions for CSI feedback may suffer from CQI inaccuracy due to large reporting delay, we still believe that the CSI feedback would be beneficial assuming very slowly time-varying channel. Furthermore, when the amount of coverage enhancement is not so big, CQI inaccuracy due to a large number of repetitions would be alleviated. Since the operating SINR of the current CQI table starts from -7 dB, CQI table extension may be required to support CE MTC.
Proposal 1: CQI table should be extended to support CE MTC.
It is required to introduce new CQI entries to support lower operating SINR. According to RAN4 LS in [3], it is beneficial to support both QPSK and 16QAM for uplink/downlink. Then, we can replace CQI indices representing 64QAM with CQI indices for lower operating SINR range. Considering this aspect, we can design CQI table to support CE MTC without additional signalling overhead.
		Observation 1: New CQI entries to support lower operating SINR can be introduced without additional signalling overhead.
If we adopt the same design principle as that of the legacy CQI table, the following CQI table can be one example to support CE MTC. The lowest operating SINR is around -20 dB in table 1. We should investigate further on detailed CQI table design.
Table 1. An example of CQI table to support lower operating SINR.


3. MCS/TBS table design
When we design a new MCS table to support CE MTC, it is desirable to follow the same design principle as that of the current MCS table. The new MCS indices may be required to introduce to support CE MTC. According to LS from RAN4 in [3], we can remove 13 MCS indices representing 64QAM to replace with new MCS entries. Assuming the same MCS signalling overhead, we can introduce 13 new entries. According to current specification, the MCS index is mapped to TBS index. Considering the minimum TBS of the current specification is defined as 16, the number of newly introduced MCS/TBS entries may be less than 13 (e.g., 6 or 7). Hence, we can consider reduction of MCS signalling (e.g., 4 bit MCS table) for less number of EPDCCH transmissions. It means that further decimation of remaining MCS indices for QPSK and 16QAM may be required. Table 2 shows an example of MCS index to TBS index mapping of the newly introduced MCS entries.
Proposal 2: We can consider reduction of MCS signalling for less number of EPDCCH repetitions.
Table 2. Example of MCS index to TBS index mapping of the newly introduced MCS entries assuming 4 bit MCS table.


The new TBS entries for new TBS indices may be required. Assuming minimum TBS to be 16 and re-use existing TBS in TBS table, we give an example of TBS table assuming 6 RB allocation. However, small TBS may not be efficient considering 24 bit CRC overhead. Hence, we should further investigate the introduction of small TBS’s for new TBS indices.
Proposal 3: We should further investigate the introduction of small TBS’s for new TBS indices.
Table 3. TBS example of the new TBS indices assuming 3 RB and 6 RB allocation
	TBS index
	3 RB allocation
	6 RB allocation

	34
	N/A
	24

	35
	N/A
	32

	36
	N/A
	40

	37
	24
	72

	38
	32
	88

	39
	56
	120



According to current specification, TBS is determined by MCS index and resource allocation. When we introduce the repeated transmission for CE MTC support, spectral efficiency represented by TBS would be affected by the number of repetitions in addition to MCS index and resource allocation. That is to say, we can determine TBS by selecting the combination of MCS index, resource allocation, and the number of repetitions. Hence, the number of repetition should be indicated to UE and signalling details should be FFS. 
Proposal 4: The number of repetitions should be indicated to UE and signalling details should be FFS.
[bookmark: _GoBack]Although one additional domain will give much more flexibility for network to choose TBS for CE MTC support, we can consider restrictions on MCS index, resource allocation, and/or the number of repetitions in signalling overhead reduction perspective. Like MCS index decimation, resource allocation may be restricted (e.g., 6 RB resource allocation only for PDSCH transmission for CE MTC). We can also consider that we would limit the number of supportable TBS’s for CE MTC and each TBS entry would be tied the number of repetitions. 
Proposal 5: We can consider signalling overhead reduction for TBS determination.

4. Conclusions
In this contribution, we discuss the CQI/MCS/TBS table design aspects for CE MTC support. We have following proposals and observation:
Proposal 1: CQI table should be extended to support CE MTC.
Proposal 2: We can consider reduction of MCS signalling for less number of EPDCCH repetitions.
Proposal 3: We should further investigate the introduction of small TBS’s for new TBS indices.
Proposal 4: The number of repetitions should be indicated to UE and signalling details should be FFS.
Proposal 5: We can consider signalling overhead reduction for TBS determination.
Observation 1: New CQI entries to support lower operating SINR can be introduced without additional signalling overhead.
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