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In the RAN80 plenary meeting, a new work item for Rel.16 eMTC is approved. One of the objectives is to specify the following set of improvements for machine-type communications for BL/CE UEs.
· 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 the last RAN1 meeting, the following agreements are achieved for the design of using LTE control channel region for MPDCCH and PDSCH transmission:
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.

Considering backward compatibility, legacy MTC UE are not required to receive legacy LTE control channel, e.g., PDCCH/PCFICH/PHICH channel, and resources of these legacy channels can’t be used for legacy MTC UE either. Legacy MTC UE receives MPDCCH and PDSCH from the starting OFDM symbol lstart to the end of the subframe. The starting OFDM symbol lstart for PDSCH and MPDCCH within a subframe is 3 or 4 before SIB1-BR or indicated by SIB1-BR as shown in Figure 1.


Figure 1. Legacy MTC MPDCCH/PDSCH resource region

In the contribution, we analyze on how to use LTE control channel region for DL transmission, including MPDCCH and PDSCH transmission, which can largely improve the spectrum efficiency for stand-alone MTC scenarios

Using LTE control region for DL transmission
In order to be compatible with legacy MTC, legacy MPDCCH, PDSCH transmission and physical resource can’t be modified. Even for the standalone MTC network, the “virtual” starting OFDM symbol (lstart) for MPDCCH and PDSCH within a subframe is indicated by SIB1-BR as legacy behavior. And enabling/disabling of using the LTE control region for DL transmission should be configured/indicated by higher layer signaling, e.g. SIB1-BR. There is no obvious gain for separate indication of PDSCH and MPDCCH, so one configuration/indication is needed to allow the use of LTE control region for MPDCCH and PDSCH carrying SI except SIB1-BR, paging and random access and unicast DL transmission.
If enabling/disabling of using the LTE control region for DL transmission is indicated by SIB1-BR, the following will be assumed by UE:
· Before the UE is configured with the starting symbol #lstart  in SIB1-BR, both the legacy MTC UE and Rel.16 MTC UE assume the starting symbol #lstart should be 3 or 4 as legacy eMTC when receiving SIB1-BR; 
· After SIB1-BR, it is assumed MPDCCH/PDSCH transmission from the starting symbol #lstart  to the end of the subframe for legacy MTC while MPDCCH/PDSCH transmission from symbol #0 to the end of subframe for Rel.16 MTC.

Proposal 1: Using the LTE control region for DL transmission can be enabled or disabled by SIB1-BR for Rel.16 eMTC UE.
Proposal 2: One configuration/indication is needed to allow the use of LTE control region for MPDCCH and PDSCH carrying SI except SIB1-BR, paging and random access and unicast DL transmission.

MPDCCH
MPDCCH for eMTC is similar as EPDCCH. There are 16 EREGs, numbered from 0 to 15, per physical resource block pair for MPDCCH EREG definition. Number all resource elements from symbol #0 to the end of subframe, except resource elements carrying DM-RS for antenna ports p = {107,108,109,110} for normal cyclic prefix or p ={107,108} for extended cyclic prefix, in a physical resource-block pair cyclically from 0 to 15 in an increasing order of first frequency, then time. All resource elements with number i  in that physical resource-block pair constitutes EREG number i as shown in Figure 2 .


Figure 2 Rel.13 MPDCCH resource region
In EREG definition, the resource element in legacy control region always belongs to some of the EREG group numbered from 0 to 15. For using legacy control region for MPDCCH transmission, there is no need to modify the definition of EREG and structure of MPDCCH; it is easy to map the control signal to the legacy region directly, which belong to a particular EREG group. How to generate “extended” MPDCCH in legacy control region needs further study.
In legacy MTC, the first one or two symbols are used for MPDCCH frequency hopping/retuning.  If the legacy control region is used for MPDCCH for Rel.16 MTC, some symbols of legacy control regions are reserved/punctured for RF retuning, e.g. the first two symbols of the last subframe if consider the DMRS symbol position in the last symbol of the subframe.
Proposal 3: There is no need to modify the definition of EREG and structure of MPDCCH, and the control signal can be mapped to legacy control region directly, which belong to a particular EREG group for MPDCCH transmission. 
Proposal 4: How to generate “extended” MPDCCH in legacy control region needs further study.

PDSCH
Legacy MTC UE only detects the legacy PDSCH region that is from symbol #lstart to the end of the subframe while Rel.16 eMTC UE can detect both legacy PDSCH region and/or legacy control region.
· Option 1 Design unified PDSCH for both legacy MTC UE and Rel.16 MTC UE
If unified PDSCH design is required, the legacy PDSCH transmission should be the same for both legacy MTC and Rel.16 MTC. That is, modulated symbol should first map from symbol #lstart to the end of the subframe as legacy PDSCH mapping. But for Rel.16 MTC UE, new region of legacy control region is available, and how to use the the region for Rel.16 MTC need further study. 
a) PDSCH transmission symbol level extend to legacy control region
Some OFDM symbols in legacy PDSCH region are repeated in legacy control region as PBCH repetition in Rel.13 repetition mechanism as shown in Figure 3. This solution is compatible with legacy MTC and Rel.16 eMTC, and frequency tracking can be achieved from the symbol repetition.


Figure 3. PDSCH transmission with symbol repetition in legacy control region

b) PDSCH transmission RE level extend to legacy control region
In order to compatible with Rel.13 eMTC, modulated symbol should mapping from symbol #lstart to the end of the subframe. Using legacy control region, additional bit is retrieved from TBCC circular buffer, scrambled and modulated, continue to map to the legacy control region, from symbol #0 to symbol #lstart-1 as shown in Figure 4. This solution is also compatible with Rel.14 eMTC and Rel.16 eMTC, and the additional bit transmitted in legacy control region is easily extended from the legacy bit, which may achieve more channel coding gain compared with solution a).


Figure 4. RE level extension of PDSCH transmission

· Option 2 Design PDSCH for legacy MTC UE and Rel.16 MTC UE separately
For the legacy MTC UE, PDSCH transmission can be scheduled only in legacy PDSCH region. While for the Rel.16 eMTC UE, PDSCH transmission can be scheduled on legacy control region only or can be scheduled in both legacy PDSCH region and the legacy control region with the DCI resource allocation update. For example, map the modulated symbol to legacy control region or map the modulated symbol from symbol #0 to the end of the subframe for Rel.16 MTC UE as shown in Figure 4. In addition, for common channel, e.g., paging message or msg2, both the legacy MTC UE and Rel.16 UE should receive PDSCH only on legacy PDSCH region. Therefore, how to design the resource allocation and generate new “extended” or “shortened” signal for above two scenarios need further study.



Figure 4. PDSCH transmission on legacy control region or whole subframe
Proposal 5: For the PDSCH transmission on legacy control region, two kinds of solutions need further investigation:
· Option 1 Design unified PDSCH for both legacy MTC UE and Rel.16 MTC UE
· Option 2 Design PDSCH for legacy MTC UE and Rel.16 MTC UE separately

Conclusions
In this contribution, considerations of using legacy control region for MPDCCH and PDSCH transmission are provided. The following proposals are given.
Proposal 1: Using the LTE control region for DL transmission can be enabled or disabled by higher layer signaling for Rel.16 eMTC UE.
Proposal 2: One configuration/indication is needed to allow the use of LTE control region for MPDCCH and PDSCH carrying SI except SIB1-BR, paging and random access and unicast DL transmission.
Proposal 3: There is no need to modify the definition of EREG and structure of MPDCCH, and the control signal can be mapped to legacy control region directly, which belong to a particular EREG group for MPDCCH transmission. 
Proposal 4: How to generate “extended” MPDCCH in legacy control region needs further study.
Proposal 5: For the PDSCH transmission on legacy control region, two kinds of solutions need further investigation:
· Option 1 Design unified PDSCH for both legacy MTC UE and Rel.16 MTC UE
· Option 2 Design PDSCH for legacy MTC UE and Rel.16 MTC UE separately
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