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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#94 meeting, the following agreements were made regarding the use of LTE control region for DL transmission [2].
Agreement
FFS whether and for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH and PDSCH are applied 
Agreement
The following options can be considered for transmission of MPDCCH and PDSCH in LTE control channel region:
For MPDCCH
· Option 1: All or part of the MPDCCH are mapped into the DL control region.
· Option 2: MPDCCH are rate-matched to all OFDM symbols. FFS on RE mapping details.
For PDSCH
· Option A: All or part of the PDSCH are mapped into the DL control region.
· Option B: PDSCH are rate-matched to all OFDM symbols. FFS on RE mapping details.
In this contribution, we discuss how to use the LTE control channel region, RE mapping details, and further issues related to the use of LTE control region.
2. Discussion
2.1. Usage of LTE control region
LTE control region, in the case of standalone deployment, can be exploited for LTE-MTC DL transmission to achieve the following objectives:
· Performance improvement
· Higher data rate
· Signaling purpose
· Coexistence with other systems, e.g., NR. 
· Performance improvement
LTE-MTC devices can be deployed in extreme coverage requiring a large number of repetitions. LTE control region can be used to improve the reception performance of downlink channels for UEs requiring coverage enhancement. In our view, we don’t have to restrict our discussion to MPDCCH and PDSCH transmissions and it is worth studying at this stage the benefit of using LTE control region for broadcast transmission such as MIB and SIB. To improve the performance, as we agreed in RAN1 #94 meeting, part of the MPDCCH/PDSCH transmission can be copied to the LTE control region or MPDCCH/PDSCH are rate matched to all OFDM symbols including those symbols in the LTE control region. Both approaches achieve the same goal as they effectively reduce the code rate by using increased number of REs for MPDCCH transmission for the same amount of the payload. Although it is not mentioned in the WI objectives, transmitting reference signals in the LTE control region can also help improve the performance via improved channel estimation and sync performance. 
· Higher data rate
REs from the LTE control region can be used to increase the data rate for the DL transmission (MPDCCH/PDSCH). For convenience in this discussion, the pre-Rel-16 LTE-MTC UE is called eMTC UE and the Rel-16 LTE-MTC UE that can use the LTE control region is called sMTC UE. In order to achieve higher data rate than eMTC UEs, sMTC UEs may be scheduled with an additional data to be transmitted using the LTE control region (called ‘R1’) or scheduled with a larger maximum TBS to be transmitted using both LTE control region (R1) and the MPDCCH/PDSCH transmission region (called ‘R2’) that can also be used for eMTC UEs.
Depending on how eMTC UEs and sMTC UEs coexist in the cell, and also on if the data can be shared between eMTC UEs and sMTC UEs, the optimized RE mapping rule and even encoding rule can be different. The RE mapping rules are discussed in RE mapping section.
· Signaling purpose
LTE control region can be used to indicate e.g., if the network supports sMTC UEs in the cell. Depending on how many signaling bits are needed for this purpose, different signaling schemes, e.g., sequence-based, channel coding based, etc., can be applied. Other types of signals that can be possibly carried in LTE control region are the control region size in OFDM symbols, UL HARQ-ACK feedback if needed, etc. 
Proposal 1: Consider using LTE control region for the following purposes.
· DL transmission (MPDCCH/PDSCH) to achieve lower code rate or larger payload size
· DL transmission (PBCH) to achieve lower code rate
· Additional control signaling for stand-alone MTC UEs
2.2. RE mapping for sMTC UEs capable of using LTE control region
For option 1 and option A (all or part of the MPDCCH/PDSCH are mapped into the DL control region) for MPDCCH/PDSCH transmission, when selecting the OFDM symbols to copy from the MPDCCH/PDSCH transmission region, the CRS location can be taken into account. When the OFDM symbols in the MPDCCH/PDSCH transmission region are mapped to the LTE control region, to have no impact on the eMTC UEs, the CRS can puncture the symbols in the LTE control region. If the OFDM symbols to be copied have the same CRS RE positions, then there is no additional puncturing in the LTE control region and therefore the same symbol combining gain can be expected for all MPDCCH/PDSCH data REs. The OFDM symbols to copy can be different depending on the CP type (normal or extended CP) and subframe type (e.g., MBSFN subframe). 
Proposal 2: For option 1 and option A RE mapping, when selecting the OFDM symbols to copy into the control region, consider prioritizing the OFDM symbols in the MPDCCH/PDSCH transmission region having the same CRS RE position with the OFDM symbols in the control region.
When the MPDCCH/PDSCH transmission is repeated, we can consider copying the same set of OFDM symbols to LTE control region as in this case the symbol level combing gain can be maximized. Or alternatively, the set of OFDM symbols can be different (e.g., for kind of time diversity gain) per each subframe or the set of OFDM symbols are unchanged for a few subframes. Depending on the repetition number, CE mode, frequency hopping, and RV cycling.
Proposal 3: When the MPDCCH/PDSCH transmission is repeated, the RE mapping details can be different depending on the repetition number (and/or CE mode), frequency hopping, and RV cycling.
For option 2 and option B (MPDCCH/PDSCH are rate-matched to all OFDM symbols), depending on whether the same MPDCCH/PDSCH should be decodable by eMTC UEs as well as sMTC UEs, , the RE mapping details can be different. In case where the eMTC UE need to decode the same MPDCCH/PDSCH, the RE mapping can start from R2 and proceed to R1 (R2  R1 RE mapping). RE mapping within each region (R1 and R2), is done in a frequency-first and time-next manner. Otherwise (the MPDCCH/PDSCH is decodable only by sMTC UE), the RE mapping can start from R1 and proceed to R2 (R1  R2 RE mapping). More specifically, for MPDCCH transmission, the RE mapping details can depend on the search space (SS) type. For example, for CSS, as the MPDCCH should be decodable by eMTC UEs, R2  R1 RE mapping can be applied while for UE-SS, as other UEs than scheduled sMTC UE don’t need to decode the MPDCCH, the R1  R2 RE mapping can be applied. For the number of REs available for MPDCCH transmission, REs in R1 and R2 are counted. However, for MPDCCH, the number of REs available for MPDCCH transmission can be different the number of REs for aggregation level (AL) determination. For example, for CSS, sMTC UEs determine the number of REs for MPDCCH transmission using REs from R1 and R2, but determine the AL based on the REs from R2 only to avoid the case where the same control data are shared with the eMTC UEs but with different AL. 
Proposal 4: MPDCCH RE mapping details can be determined based on the type of control data or the SS type.
· For CSS, R2  R1 RE mapping is used 
· For UE-SS, either R2  R1 RE mapping or R1  R2 RE mapping can be used
· Note) R1 refers to the LTE control region and R2 refers to the MPDCCH/PDSCH transmission region 
[bookmark: _GoBack]Proposal 5: The number of REs for MPDCCH transmission can be different from the number of REs for AL determination for Rel-16 UEs capable of using LTE control region. 
· The number of REs for MPDCCH transmission is determined based on the REs from R1 and R2
· Alt.1 AL is determined based on the REs in R2 only
· Alt.2 AL is determined based on the REs in R1+R2
· Note) Alt.2 can apply only to UE-SS for Rel-16 UEs capable of using LTE control region
When frequency hopping is enabled, the frequency retuning gap should be considered. As the first a few OFDM symbols in the first subframe of the frequency hop is 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 6: 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. Further issues related to the utilization of LTE control region
· Guard period for NB retuning
Guard period (GP) for NB retuning is defined in LTE-MTC and is a period during which no transmission and no reception occurs from a UE perspective. One of the basic principle in GP construction in LTE-MTC is that for the NB retuning to DL, the LTE control region in the DL subframe absorbs the GP and therefore there is no separate configuration of GP for this case. However, in Rel-16, at least for the sMTC UEs using the LTE DL control channel for DL transmission, the underlying principle used in GP construction in LTE-MTC does not hold any more. Therefore we should study if we need to re-define the GP for sMTC UEs.
Proposal 7: Study if re-defining the guard period for NB retuning is needed for Rel-16 UEs capable of using LTE control region.
· Coexistence with NR
For coexistence with other systems, e.g., with NR, the LTE control region may need to be left empty to protect e.g., the NR control region. Therefore, consider the case where the LTE control region is left empty for coexistence. 
· Level of coexistence with legacy MTC and LTE UEs
Another objective that is important for this discussion is that the legacy operation for legacy BL/CE UEs should be supported.
In general, utilization of LTE control region is discussed under the assumption that the carrier is not utilized by legacy LTE UEs, that is, the carrier can be a, so called, stand-alone MTC carrier. Moreover, it can be considered that the carrier is configurable to be dedicated to the UEs which are capable of utilizing the LTE control region. In this regards, the following issues are worthwhile to be discussed.
· How to inform the Rel-16 MTC UEs of the availability of LTE control region for the MTC purpose
· Whether/how to ban LTE UEs to access the stand-alone MTC carrier
· Whether/how to ban legacy MTC UEs to access the stand-alone MTC carrier
Other discussion topic that is related to this agenda includes when and how the sMTC UE is configured to use the LTE control region if the UE is capable of using the LTE control region. 
Proposal 8: The following issues should be discussed regarding support of LTE control region.
· Coexistence with NR
· Level of coexistence with legacy MTC and LTE UEs
· Considerations on 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 9: 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 how to use the LTE control channel region, RE mapping details, and further issues related to the use of LTE control region. Proposals are as follows.
Proposal 1: Consider using LTE control region for the following purposes.
· DL transmission (MPDCCH/PDSCH) to achieve lower code rate or larger payload size
· DL transmission (PBCH) to achieve lower code rate
· Additional control signaling for stand-alone MTC UEs
Proposal 2: For option 1 and option A RE mapping, when selecting the OFDM symbols to copy into the control region, consider prioritizing the OFDM symbols in the MPDCCH/PDSCH transmission region having the same CRS RE position with the OFDM symbols in the control region.
Proposal 3: When the MPDCCH/PDSCH transmission is repeated, the RE mapping details can be different depending on the repetition number (and/or CE mode), frequency hopping, and RV cycling.
Proposal 4: MPDCCH RE mapping details can be determined based on the type of control data or the SS type.
· For CSS, R2  R1 RE mapping is used 
· For UE-SS, either R2  R1 RE mapping or R1  R2 RE mapping can be used
· Note) R1 refers to the LTE control region and R2 refers to the MPDCCH/PDSCH transmission region 
Proposal 5: The number of REs for MPDCCH transmission can be different from the number of REs for AL determination for Rel-16 UEs capable of using LTE control region. 
· The number of REs for MPDCCH transmission is determined based on the REs from R1 and R2
· Alt.1 AL is determined based on the REs in R2 only
· Alt.2 AL is determined based on the REs in R1+R2
· Note) Alt.2 can apply only to UE-SS for Rel-16 UEs capable of using LTE control region
Proposal 6: 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 7: Study if re-defining the guard period for NB retuning is needed for Rel-16 UEs capable of using LTE control region.
Proposal 8: The following issues should be discussed regarding support of LTE control region.
· Coexistence with NR
· Level of coexistence with legacy MTC and LTE UEs
Proposal 9: 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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