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The contribution is the update from R1-1810583.
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 
Support PDSCH broadcast transmission in LTE control channel region
Agreement
PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.
In the contribution, we analyze on how to use LTE control channel region for DL transmission, including MPDCCH and PDSCH transmission and resource mapping in LTE control channel region, 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 mapping mechanism should be followed. Even for the standalone MTC network, the “virtual” starting OFDM symbol (lstart) for MPDCCH and PDSCH within a subframe is indicated by SIB1-BR. 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.
If enabling/disabling of using the LTE control region for DL transmission is indicated by SIB1-BR, the following behavior 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 depending on the system bandwidth 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.
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 legacy control region for both broadcast PDSCH and unicast PDSCH.

· Broadcast PDSCH
In the last meeting, it is agreed that PDSCH broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) in LTE control channel region is supported and PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. 
Unified broadcast PDSCH design is required for both legacy UE and Rel.16 eMTC UE. In order for backward compatibility, modulated symbols should first map from symbol #lstart to the end of the subframe as legacy PDSCH mapping and continue to map from symbol #0 to symbol #lstart-1 in LTE control channel region. RE mapping within each region is done in a frequency-first and time-next manner, and the legacy BL/CE UE can receive PDSCH successfully only from data region. 
Additional bits transmitted in LTE control region are retrieved from TBCC circular buffer starting from the starting address of the current RV, or the ending address of the current RV or even the ending address of the whole RV (e.g. ending address of  RV3) as shown in in Figure 1. The length of the addition bits in LTE control region should be rate-matched to the available resource element of the LTE control region. This solution is also compatible with legacy 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.

                    [image: ]
Figure 1. RE mapping in legacy control region and additional bit in TBCC circular buffer

Proposal 1: For PDSCH broadcast transmission in LTE control region, the resource mapping can be applied to data region firstly then LTE control region.
Proposal 2: Additional bits transmitted in LTE control region are retrieved from TBCC circular buffer starting from the starting address of the RV, or the ending address of the RV or even the ending address of the whole RV.

· For Unicast PDSCH

[bookmark: _GoBack]For unicast PDSCH transmission, there is potential possibility to specify different resource mapping for legacy eMTC UE and Rel.16 eMTC UE.
Option 1:  Mapping from the symbol#0 to the end of the subframe
Rel.16 eMTC UE knows starting symbol of unicast PDSCH transmission, conventional resource mapping solution can be applied that is the resource mapping starts from LTE control region to data region, modulated symbol from symbol #0 to the end of the subframe. The solution will not be backward compatible as shown in Figure 2. Single rate matching is required for the resource mapping method.


Figure 2 RE mapping in legacy control region
Option 2: mapping from the symbol# lstart to the end of the subframe and then symbol 0 to symbol # lstart-1
If unified PDSCH design is required for broadcast PDSCH and unicast PDSCH, the resource mapping starts from the first symbol in data region and then to LTE control region. RE mapping within each region is done in a frequency-first and time-next manner similar as broadcast PDSCH resource mapping. In order to reduce the standard effort, option 2 is more preferred.
Proposal 3: In order to reduce the standard effort, unified resource mapping for broadcast PDSCH and unicast PDSCH (option 2) is more preferred.
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. 
Extended MPDCCH in legacy control region should follow the broadcast PDSCH transmission, unified design for MPDCCH for common search space and UE-specific search space should be considered, that is the resource mapping starts from the data region and then to LTE control region.
Proposal 4: 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 5: For MPDCCH transmission in LTE control region, the resource mapping can be applied to data region firstly then LTE control region.
Others
In legacy MTC, the first one or two symbols are used for MPDCCH frequency hopping.  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 subframe if consider the DMRS symbol position in the last symbol of the subframe.
Proposal 6: The first two symbols of the subframe are reserved/punctured for RF retuning when frequency hopping.
Legacy MTC UEs assume CRS to be present in legacy LTE control region (e.g. symbols 0 and 1), depending on the number of antenna ports. CRS is used for channel estimation and for time/frequency tracking. CRS in symbol 0 and 1 is support for standalone deployment mode for legacy MTC UE.
Proposal 7: CRS in symbol 0 and 1 is support for standalone deployment mode for legacy MTC UE channel estimation and time/frequency tracking.
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 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.
Proposal 3: In order to reduce the standard effort, unified resource mapping for broadcast PDSCH and unicast PDSCH (option 2) is more preferred.
Proposal 4: 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 5: For MPDCCH transmission in LTE control region, the resource mapping can be applied to data region firstly then LTE control region.
Proposal 6: The first two symbols of the subframe are reserved/punctured for RF retuning when frequency hopping/retuning.
Proposal 7: CRS in symbol 0 and 1 is support for standalone deployment mode for legacy MTC UE channel estimation and time/frequency tracking.
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