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1	Introduction
In RAN#80 meeting, a new WID of Rel-16 MTC enhancements for LTE [1] was approved. One of the objectives is to enhance eMTC for standalone deployment. 

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.

[bookmark: _Ref178064866]In this contribution, we will discuss the aspects for using LTE control region for DL transmission for eMTC. 

2	Discussion
Currently eMTC can only be deployed in LTE spectrum and co-exist with other LTE services within the same bandwidth. Since the low cost eMTC UE can only transmit and receive over a bandwidth corresponding to a narrowband of 6 PRBs, LTE PDCCH is not received by the eMTC UE. Therefore, the first several symbols in a downlink subframe that are reserved for LTE control region cannot be used for downlink transmission to eMTC UEs. The size of control region, or equivalently the starting OFDM symbol positions for MPDCCH/PDSCH is provided to eMTC UEs as part of the system information.

For eMTC inband operation within NR, or a standalone deployment, there is no legacy LTE UE and thus it is possible to reuse the control region for downlink transmission to BL/CE UEs. The usage of the LTE control region can be signalled by higher layer signalling, and the BL/CEs UE supporting the use of LTE control region can utilize it for MPDCCH/PDSCH transmission.    

When LTE control region is used for eMTC downlink transmission, there could be three types of subframes. As shown in Figure 1, the first type is that both control and data region are configured for downlink transmission, the second is that only data region is used for MPDCCH/PDSCH, e.g., in the subframe with legacy LTE, and the third is that only the control region is valid. Although the first case is a typical way to use the control region, we think the third one is also a valid case, for example, in the MBSFN subframes or the subframes reserved for SIB1 transmission. 

[image: ] Figure 1: Three types of subframes for MPDCCH/PDSCH transmission

When both control region and data region are configured for downlink transmission, there are two ways to configure these resources to the BL/CE UEs. As shown in Figure 2, the control region can be configured as an additional resource pool for MPDCCH/PDSCH, and the use of the control region and the data region can be configured to different UEs. Alternatively, the control and data region may be configured to the same UE. For Option 1, the BL/CE UE may be signalled to receive the MPDCCH candidates and PDSCH only in LTE control region. Since the maximum duration of the control region is 3 OFDM symbols, a new structure of MPDCCH/PDSCH may need to be defined. For Option 2, the required specification change is to change the RE mapping for MPDCCH/PDSCH to include REs in the legacy LTE control region.

[image: ]
Figure 2: Use of LTE control region for MPDCCH/PDSCH transmission
Proposal 1: The BL/CE UE can be configured to receive MPDCCH/PDSCH only in the control region of a subframe or in both control and data region of a subframe 

An important requirement for using LTE control region for eMTC is to allow backward combability. According to the WID, the use of the control region is enabled for both MPDCCH and PDSCH. However, it is not clear whether it is supported for broadcast and unicast or only to unicast transmission. The backward combability is not a problem for unicast but will impose a challenge for broadcast MPDCCH/PDSCH. The use of LTE control region for broadcast can be signalled in SIB1. However, the use of the control region may not be supported for SIB1-BR otherwise the signalling of using the control region shall be indicated in MIB which is not preferred.

Proposal 2: The use of LTE control region for MPDCCH/PDSCH transmission to the BL/CE UE can be applied to broadcast transmission other than SIB1 and unicast transmission. 
At least the following three approaches for RE mapping of MPDCCH/PDSCH can be considered if the control region is configured for downlink transmission to the BL/CE UE:
· Option 1: The resource mapping is frequency first and time second starting from the first symbol in the control region then to the OFDM symbols in the data region
· Option 2: The resource mapping starts firstly from data region according to frequency first and time second and then to the control region
· Option 3: The resource mapping is same as the legacy, i.e., mapping only the data region, and then repeating the IQ data of some symbols to the control region. 

Option 1 is an extension of the current RE mapping using the data region only, and the potential issue is not to support backward compatibility since the legacy BL/CE UE assumes the RE mapping starting from the first symbol of the data region. Option 2 and 3 are backward compatible allowing both legacy and new BL/CE UE to receive MPDCCH/PDSCH in the same subframe. Option 2 provides additional channel coding gain due to more parity bits transmitted, and Option 3 allows intra-subframe combining of symbols in the control region and data region. Figure 3 and 4 below illustrate an example of Option 1 and 2 assuming both control and data region in a subframe used for PDSCH transmission.    

[image: ]
Figure 3: PDSCH RE mapping with control region first and data region second


Figure 4: PDSCH RE mapping with data region first and control region second

Proposal 3: If the control region in a subframe is used for MPDCCH/PDSCH, the resource mapping shall consider backward compatibility 
Lastly, it shall be discussed whether the use of the control region can be different in different narrowbands and time instances. Currently, the control region size is same for all the narrowbands. For standalone deployment of eMTC, there is no legacy LTE UE and thus it can be assumed that the use of control region is supported for all the narrowbands. However, for inband operation within a NR carrier, NR may also use the first several symbols in a slot for control channel. Different from LTE, the transmission of NR PDCCH is not wideband and the frequency and time location are high layer configured, and therefore the use of the control region for MPDCCH/PDSCH may be dependent on the narrowband/PRB and the subframe. 

Proposal 4: The use of the control region MPDCCH/PDSCH can be different for different narrowbands and time instances
3	Summary
In this contribution, we discuss the aspects for using the control region for MPDCCH/PDSCH to the BL/CE UE. We have the following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: The BL/CE UE can be configured to receive MPDCCH/PDSCH only in the control region of a subframe or in both control and data region of a subframe 
Proposal 2: The use of LTE control region for MPDCCH/PDSCH transmission to the BL/CE UE can be applied to broadcast transmission other than SIB1 and unicast transmission
Proposal 3: If the control region in a subframe is used for MPDCCH/PDSCH, the resource mapping shall consider backward compatibility 
Proposal 4: The use of the control region MPDCCH/PDSCH can be different for different narrowbands and time instances
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