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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancements for LTE was approved as part of a work item [1]. 
Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.
And in RAN1#94bis meeting, the following agreements were made regarding the use of LTE control region for DL transmission [2].
Agreement 
Support PDSCH broadcast transmission in LTE control channel region
Agreement
PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.
2. Discussion
In RAN1#94bis meeting, it was agreed to support PDSCH broadcast transmission in LTE control region. And for the PDSCH transmission, we agreed in principle that PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. In this contribution, we discuss the use of LTE control region and the configuration to enable the feature, MPDCCH transmission, RE mapping details for PDSCH and MPDCCH, considerations on the TDD support, etc. For convenience in this discussion, the pre-Rel-16 LTE-MTC UEs and the Rel-16 LTE-MTC UEs that do not support the use of LTE control region are called eMTC UEs and the Rel-16 LTE-MTC UEs that can use the LTE control region is called sMTC UEs.
2.1. Use of LTE control region for PDSCH/MPDCCH transmission
The LTE control region, in the case of standalone deployment, can be used for PDSCH/MPDCCH transmission for performance improvement or for higher data rate. For example, to improve the performance, in MPDCCH/PDSCH rate-matching, additional parity bits are mapped to the REs in the LTE control region effectively reducing the code rate given a certain amount of the payload data. For a higher data rate, additional payload data are scheduled for sMTC UEs using the LTE control region, which may require a larger maximum TBS sizes.
The use of LTE control region can be configured UE specifically for sMTC UEs based on the UE capability reporting. For PDSCH broadcast transmission, however, the use of LTE control region can be configured via broadcast signaling (e.g., MIB, SIB, or SI messages).
Proposal 1: The use of LTE control region for broadcast PDSCH transmission is configured via broadcast signaling (e.g., MIB, SIB, or SI messages).
As the use of LTE control region is being discussed under the assumption that the carrier is not utilized by legacy LTE UEs, and even in the context of LTE MTC the cases where only sMTC UEs are supported can be foreseen, perhaps not in an early deployment, it is worth studying how to control cell accesses from non-sMTC UEs (e.g., legacy LTE UEs, eMTC UEs, etc.). The main objectives of the study may be saving energy and time of non-sMTC devices by removing the cases where non-sMTC devices keep trying access consuming energy and time in vain. Especially for eMTC UEs which is more sensitive to the power saving issue, separate access control for eMTC UEs and sMTC UEs may be useful as it enables the eMTC UEs stop accessing the cell at an early stage if the cell supports only sMTC UEs.
Observation 1: Separate access control for eMTC UEs and sMTC UEs is useful in terms of power saving of the eMTC UEs in the case where the eMTC UEs are accessing the sMTC-only cells. 
· Note) sMTC UEs refers to the LTE MTC UEs capable of using LTE control region for DL transmission.
· Note) sMTC-only cell refers to the cell which supports only sMTC UEs.
2.2. RE mapping for sMTC UEs capable of using LTE control region
For PDSCH transmission, rate-matching in a backward compatible manner on all available OFDM symbols were agreed. The rationale behind the agreement, at least from our perspective, is that the rate-matching has an equal or better performance in all practical scenarios and also a capability that can also support for higher data rate which is not possible in the case of the other alternative that is copying part of the PDSCH into the LTE control region.
For the discussion hereafter, the LTE control region available for DL transmission which is available for only sMTC UEs is called ‘R1’ and the data region available for both eMTC UEs and sMTC UEs for DL data transmission is called ‘R2’ for convenience. 
The rate-matching in a backward compatible manner can be implemented in such a way that the RE mapping starts from R2 in a frequency-first and time-next manner until there is no more available REs for PDSCH transmission in R2. Then, if there are more PDSCH data for transmission, RE mapping proceeds to R1 region starting from the OFDM symbol index. RE mapping in R1 region is also done in a frequency-first and time-next manner.
The rate-matching in a backward compatible manner can also be applied to the MPDCCH case with the only difference being the time frequency positions of the REs for MPDCCH transmission due to the EREG/ECCE structure inherited from the EPDCCH and the localized/distributed MPDCCH transmission. However, as the EREG is already defined from the OFDM symbol index  regardless of from which symbol the eMTC data region starts, the positions of REs for MPDCCH transmission are already defined in the specification. Furthermore, the conceptual complexity, if any, is already there in the specification and in eMTC devices as they are currently sorting out REs for MPDCCH decoding. As there is no big specification efforts and complexity issues, and also from the perspective of performance, capability to support higher data rate, we support the same rate-matching in a backward compatible manner to be applied to the MPDCCH transmission so that we can avoid diverging solutions for PDSCH and MPDCCH transmission. Another important benefit of the backward compatible rate-matching solution for MPDCCH transmission is that it also enables the CSS to be shared between eMTC and sMTC UEs as it enables the same MPDCCH decodable by both eMTC and sMTC UEs.
Proposal 2: MPDCCH are rate-matched in a backward compatible manner on all available OFDM symbols.
Proposal 3: For both PDSCH and MPDCCH,
· RE mapping in eMTC data region is the same as in the eMTC case.
· RE mapping in LTE control region starts only after the REs in eMTC data region is fully occupied.
For MPDCCH transmission, the number of REs available for MPDCCH transmission is used to determine the ECCE aggregation level. As the number of REs available for MPDCCH transmission includes REs in R1 and R2 for sMTC UEs (compared to only REs in R2 for eMTC UEs), a natural extension of the concept leads to the conclusion that the number of MPDCCH REs for ECCE aggregation level determination includes the REs in the LTE control region. However, for CSS, when the CSS is shared between eMTC and sMTC UEs, and the MPDCCH is intended to be decodable by both of them, then there may be cases where different understandings on the aggregation level can happen. Even though we don’t see a critical issue in this case but we can further study if the same approach can apply to both UESS and CSS or separate treatment is needed.
Proposal 4: When the MPDCCH for LTE MTC UEs capable of using the LTE control region for LTE-MTC DL transmission is transmitted using UESS/Type0-MPDCCH CSS, the total number of MPDCCH REs for ECCE aggregation level determination includes the REs in the LTE control region
· FFS for Type1-/1A-/2-/2A-MPDCCH CSS
When frequency hopping is enabled, the frequency retuning gap should be considered. As the first a few OFDM symbols in each of the first subframes of each frequency hops are affected, the first subframe in each frequency hop can be treated differently in terms of the use of LTE control region. For example, for the first subframe in each frequency hop the LTE control region is not scheduled even for sMTC UEs. Or the RE mapping or AL determination for MPDCCH transmission can be different.
Proposal 5: When frequency hopping is enabled, the use of control region can be different for the first subframe in each frequency hop than other subframes in the same frequency hop.
2.3. TDD support
As the number of OFDM symbols to DL transmission is increased due to the use of LTE control region, the special subframe (DwPTS) configurations available for DL transmission can be extended for sMTC UEs. For example, DL transmission for both CE mode A and CE mode B are supported if the number of OFDM symbols for DL transmission (including OFDM symbols in the LTE control region) exceeds a certain number (e.g., the same number as the eMTC case).
Proposal 6: For Rel-16 UEs capable of using LTE control region, more special subframe (DwPTS) configurations for TDD can be available for MPDCCH/PDSCH transmission.
3. Conclusion
In this contribution, we discussed the use of LTE control region and the configuration to enable the feature, MPDCCH transmission, RE mapping details for PDSCH and MPDCCH, considerations on the TDD support, etc. Our proposals are as follows.
[bookmark: _GoBack]Observation 1: Separate access control for eMTC UEs and sMTC UEs is useful in terms of power saving of the eMTC UEs in the case where the eMTC UEs are accessing the sMTC-only cells. 
· Note) sMTC UEs refers to the LTE MTC UEs capable of using LTE control region for DL transmission.
· Note) sMTC-only cell refers to the cell which supports only sMTC UEs.
Proposal 1: The use of LTE control region for broadcast PDSCH transmission is configured via broadcast signaling (e.g., MIB, SIB, or SI messages).
Proposal 2: MPDCCH are rate-matched in a backward compatible manner on all available OFDM symbols.
Proposal 3: For both PDSCH and MPDCCH,
· RE mapping in eMTC data region is the same as in the eMTC case.
· RE mapping in LTE control region starts only after the REs in eMTC data region is fully occupied.
Proposal 4: When the MPDCCH for LTE MTC UEs capable of using the LTE control region for LTE-MTC DL transmission is transmitted using UESS/Type0-MPDCCH CSS, the total number of MPDCCH REs for ECCE aggregation level determination includes the REs in the LTE control region
· FFS for Type1-/1A-/2-/2A-MPDCCH CSS
Proposal 5: When frequency hopping is enabled, the use of control region can be different for the first subframe in each frequency hop than other subframes in the same frequency hop.
Proposal 6: For Rel-16 UEs capable of using LTE control region, more special subframe (DwPTS) configurations for TDD can be available for MPDCCH/PDSCH transmission.
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