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1. Introduction

In the RAN #80 meeting, Rel-16 MTC enhancements for LTE was approved as 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.
In this contribution, we discuss how to use the LTE control channel region for LTE-MTC DL transmission.
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. Depending on the objectives we are trying to achieve, the way of using it is diverse. The objectives of using the LTE control region can be 1) performance improvement, 2) higher data rate, 3) signaling purpose, and may be 4) 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 (PBCH/MPDCCH/ PDSCH) for UEs requiring the extreme coverage enhancement. For this objective, reference signals can be transmitted in LTE control region to improve the channel estimation or sync performance. One of the parallel discussion topics for the LTE-MTC WI in rel-16 is the improvement of MPDCCH using CRS. Not for pre-Rel-16 LTE-MTC UEs, but using LTE control region for performance improvement can be backed up by the same motivation. 

The same objective can be achieved by using more REs from the LTE control region for downlink data transmission. Using more REs given the same amount of payload bits lowers the code rate and hence improves the performance. 
· Higher data rate
REs from the LTE control region can be used for DL data transmission (MPDCCH/PDSCH). For convenience in this discussion, BL/CE region is defined as the region for MPDCCH/PDSCH transmission in BL/CE subframes, and 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 this discussion. To achieve higher data rate, sMTC UE may be scheduled with independent payload within LTE control region or scheduled with larger maximum payload size using both LTE control region and BL/CE region.

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 may be affected. So we need to discuss how companies envision the coexistence of sMTC UEs with eMTC UEs.
· 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. The type of signals and the detailed signaling schemes also depend on how companies envision the coexistence of sMTC UEs with eMTC UEs.
Proposal 1: Consider using LTE control region for the following purposes

· reference signal

· DL data transmission to achieve lower code rate or larger payload size

· Additional control signaling for stand-alone MTC UEs

2.2. Further issues related to the utilization of 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. 

· 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 apply.

· 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 2: The following issues should be discussed regarding support of LTE control region

· Coexistence with NR

· Guard period for NB retuning
· Level of coexistence with legacy MTC and LTE UEs
3. Conclusion
In this contribution, we discussed how to use the LTE control channel region for LTE-MTC DL transmission and the related issues. Proposals are summarized as follows.
Proposal 1: Consider using LTE control region for the following purposes

· reference signal

· DL data transmission to achieve lower code rate or larger payload size

· Additional control signaling for stand-alone MTC UEs

Proposal 2: The following issues should be discussed regarding support of LTE control region

· Coexistence with NR

· Guard period for NB retuning
· Level of coexistence with legacy MTC and LTE UEs
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