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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.

In RAN1#94 meeting, the following agreements for using LTE control region for DL transmission were achieved [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.

[bookmark: _Ref178064866]In this contribution, we continue to discuss the aspects for using LTE control region for DL transmission for eMTC. 
2 Discussion
2.1 Use of LTE control region
In addition to MPDCCH/PDSCH, there were also proposals to enable the use of LTE control channel region for other DL signals and channels. 
· Additional reference signals to improve channel estimation
· Additional control signaling
· PBCH
· PSS/SSS
· Wake-up signal
The support of these additional uses may require a lot of specification work, for example, design of a new reference signal transmitted in LTE control region. Furthermore, the benefits of allowing transmission of PBCH or PSS/SSS in LTE control region are not clear. Because there is no signalling to inform UE such configuration when UE performs initial access. Therefore, we prefer not to support other signals and channel transmission in LTE control region.

Proposal 1: LTE control region is only used for MPDCCH and PDSCH transmission. 
Another open issue is whether the use of LTE control region can be applied to both unicast and broadcast channels. The concern on broadcast transmission is backward compatibility since legacy BL/CE UE cannot receive in the LTE control region. However, this may depend on how MPDCCH/PDSCH is extended to LTE control region. If MPDCCH/PDSCH is extended to LTE control region with backward compatibility, there is no reason not to support broadcast transmission. In the following section we will show there could be multiple ways to extend MPDCCH/PDSCH to LTE control region allowing backward compatibility.

Proposal 2: The use of LTE control region can be applied to both unicast and broadcast transmission. 
2.2 MPDCCH/PDSCH transmission in LTE control region
For transmission of MPDCCH/PDSCH in LTE control region, several options have been proposed
· Option 1: All or part of the MPDCCH/PDSCH are mapped into the DL control region
· Option 2: MPDCCH/PDSCH are rate-matched to all OFDM symbols
For option 1, part of the OFDM symbols may be copied to LTE control region. The benefit is to support backward compatibility since the resource mapping in data region is not changed and legacy BL/CE UE can still receive MPDCCH/PDSCH from the data region. The issue with Option 1 is only repetition/power gain achieved since no additional coded bits are transmitted. For a MPDCCH/PDSCH transmission with a coding rate higher than 1/3, it is desirable to use LTE control region to transmit more parity coded bits to achieve more coding gain. 

For Option 2, dependent on RE mapping, the solution may or may not be backward compatible. If we follow the existing rule that the resource mapping is frequency first and time second starting from the first symbol in control region then to data region, then the solution will not be backward compatible. An example is shown in Figure 1. In such case, the legacy BL/CE cannot receive MPDCCH/PDSCH correctly in the data region due to wrong knowledge of the starting point in the rate matching. However, it would not be a problem for unicast transmission when both eNB and UE know the resource mapping approach. 
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Figure 1: PDSCH RE mapping with control region first and data region second
Alternatively, option 2 can be implemented with allowing backward compatibility. That is, the resource mapping starts from the first symbol in data region by following frequency first and time second, and then to LTE control region. An example of PDSCH is shown in Figure 2. Since the resource mapping is firstly applied to data region, the resource mapping in data region is not changed and the legacy BL/CE UE can receive PDSCH successfully only from data region. For UE supporting PDSCH transmission in LTE control region, the UE can receive additional parity coded bits in LTE control region and more coding gains are thus achieved. Therefore, the proposed resource mapping can be used for broadcast transmission for both legacy and new BL/CE UEs. 




Figure 2: PDSCH RE mapping with data region first and control region second
Proposal 3: For PDSCH transmission in LTE control region, the resource mapping can be applied to data region firstly then LTE control region with frequency first and time second order 
2.3 Configuration
For configuration of the use of LTE control region for MPDCCH/PDSCH, several options can be considered.
· MIB
· SIB1-BR or SIBs
· RRC signaling

Among the above options, we prefer to use SIB1-BR or SIBs to configure the use of LTE control region for MPDCCH/PDSCH. For other options we will see potential limitations. Using MIB is limited by the signalling overhead although the benefit is to support SIB1-BR transmitted in LTE control region. If RRC signalling is used for configuration, then the use of LTE control region for MPDCCH/PDSCH is only supported for unicast transmission. Therefore, a good trade-off is to use SIB1-BR or SIBx to configure the use of LTE control region for MPDCCH/PDSCH.

According to [3], one scenario for using LTE control region for MPDCCH/PDSCH is for coexistence with NR. Different from LTE, the control channel in NR is not wideband transmitted. The NR network may configure a set of frequency-time resources as the CORESET (control resource set). Therefore, for coexistence with NR, the use of LTE control region for DL transmission may be narrowband or PRB specific, i.e., allowed for some narrowbands without NR control but not for other narrowbands with NR control. 

Proposal 4: The use of LTE control region is configured via system information. The configuration can be narrowband or PRB specific 

Furthermore, it shall be allowed that UE can be configured to receive MPDCCH/PDSCH only in the LTE control region. As shown in Figure 3, when LTE control region is used for downlink transmission, there could be three types of subframes. Although the first two are typical, the third one is also a valid case, for example, in the MBSFN subframes or the subframes reserved for SIB1-BR transmission. 

[image: ] Figure 3: Three types of subframes for MPDCCH/PDSCH transmission
Proposal 5: MPDCCH/PDSCH transmission only in LTE control region shall also be supported 

2.4 Others
When LTE control region is indicated for MPDCCH/PDSCH transmission, there is a question whether to prevent the non-BL/CE UEs to access the cell. Therefore, it was proposed in [4] to have one bit signalling in MIB to indicate whether LTE control channels are transmitted or not. When the non-BL/CE UE reads the PBCH, it can obtain the information of network type and give up the SIB1 acquisition when there is no LTE control transmitted in the cell. This can save UE power and reduce the cell acquisition time. However, the 1-bit cell type indicator is only known to Rel-16 LTE UE, and the legacy LTE UEs have to read the SIBs to get the cell barring information. 

Proposal 6: Preventing the non-BL/CE UEs from accessing the stand-alone eMTC system can be supported by using the existing cell barring mechanism 
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: LTE control region is only used for MPDCCH and PDSCH transmission. 
Proposal 2: The use of LTE control region can be applied to both unicast and broadcast transmission. 
Proposal 3: For PDSCH transmission in LTE control region, the resource mapping can be applied to data region firstly then LTE control region with frequency first and time second order 
Proposal 4: The use of LTE control region is configured via system information. The configuration can be narrowband or PRB specific 
Proposal 5: MPDCCH/PDSCH transmission only in LTE control region shall also be supported 
Proposal 6: Preventing the non-BL/CE UEs from accessing the stand-alone eMTC system can be supported by using the existing cell barring mechanism 
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