[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK13][bookmark: OLE_LINK12]3GPP TSG RAN WG1 Meeting #94bis                                              R1-1810506
Chengdu, China, October 8th – 12th, 2018

Source:               ZTE
[bookmark: OLE_LINK19]Title:                    Use of LTE control channel region for DL transmission
Agenda item:      6.2.1.8
Document for:    Discussion and Decision

Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN1 #94 meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [1].
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 
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.
In this contribution, we discuss the use of LTE control channel region for DL transmission.
Discussion on the use of LTE control channel region


In legacy MTC system, when PDSCH carries SIB1-BR, the starting location of PDSCH is 3 or 4. As shown in Figure 1 with , the LTE control channel region that can be used for DL transmission is 3/4 OFDM symbols. 


If PDSCH carries information other than SIB1-NB, is determined by high layer parameter startSymbolBR. In this case, both the starting location of MPDCCH and LTE control region that can be used for DL transmission are determined by value of startSymbolBR. The value of startSymbolBR can be 1, 2 and 3 for DL bandwidth greater than 10 resource blocks while the value can be 2, 3, 4 for other DL bandwidth.



Figure 1 Illustration of for PDSCH carrying SIB1-BR
For MPDCCH/PDSCH carrying broadcast information, if LTE control channel region is not used for broadcast transmission, at least 1 OFDM, up to 3 or 4 OFDM symbols would be wasted since in this case the LTE control channel region cannot be used for unicast. For Rel-16 MTC UEs, if LTE control channel region is used for broadcast information transmission, performance of broadcast transmission can be improved due to more available OFDM symbols. 
Proposal 1: LTE control channel region can be used for broadcast transmission.
· For PDSCH for SIBs, paging, SC-PTM and RAR transmission
· For MPDCCH scheduling paging, SC-PTM and RAR
For MPDCCH without repetition, due to the low code rate of control information carried by MPDCCH, the gain from much lower code rate is very limited. Further, symbol level combination is very simple and can be done before decoding. Based on above analysis, part of the MPDCCH are mapped into the DL control region for MPDCCH transmission without repetition.
Proposal 2: For broadcast MPDCCH transmission without repetition, part of the MPDCCH are mapped into the DL control region.
For PDSCH without repetition, since the code rate of data is larger than that of control information, the gain from much lower code rate is relatively higher especially for high code rate case.  For PDSCH without repetition, PDSCH are rate-matched to all OFDM symbols. To support backward compatibility, the coded data are mapped to legacy PDSCH region first then mapped to LTE control channel region.
Proposal 3: For broadcast PDSCH transmission without repetition, PDSCH are rate-matched to all OFDM symbols.
· To support backward compatibility, the coded data are mapped to legacy PDSCH region first then mapped to LTE control channel region.
Considering that RV cycling is used for MPDCCH/PDSCH with repetitions, more flexible would be expected if all or part of the MPDCCH/PDSCH are mapped into the DL control channel region. For example, for a given subframe, different symbol index of MPDCCH/PDSCH transmission can be selected to be mapped to DL control channel region according to the RV cycling rule used, subframe index, and whether or not a symbol includes CRS.  
Proposal 4: For broadcast MPDCCH/PDSCH transmission with repetitions, all or part of the MPDCCH/PDSCH are mapped into the DL control channel region.
· For a given subframe, different symbol index of MPDCCH/PDSCH transmission can be selected to be mapped to DL control channel region according to the RV cycling rule used, and/or subframe index, and/or whether or not a symbol includes CRS.  
For unicast MPDCCH/PDSCH transmission, there is no need to consider the backward compatibility to legacy MTC UEs. MPDCCH/PDSCH transmission are rate-matched to all OFDM symbols. Since existing MPDCCH transmission already supports mapping from symbol #0, additional standardization work on RE mapping is not required. For unicast PDSCH transmission, PDSCH transmission are rate-matched to all OFDM symbols and the coded data after rate matching are mapped from symbol #0. 
Proposal 5: For unicast MPDCCH/PDSCH transmission, MPDCCH/PDSCH transmission are rate-matched to all OFDM symbols and mapped from symbol #0.
Conclusions
[bookmark: _GoBack]In this contribution, we have discussed the LTE control channel region for DL transmission for MTC. We make the following proposals:
Proposal 1: LTE control channel region can be used for broadcast transmission.
· For PDSCH for SIBs, paging, SC-PTM and RAR transmission
· For MPDCCH scheduling paging, SC-PTM and RAR
Proposal 2: For broadcast MPDCCH transmission without repetition, part of the MPDCCH are mapped into the DL control region.
Proposal 3: For broadcast PDSCH transmission without repetition, PDSCH are rate-matched to all OFDM symbols.
· To support backward compatibility, the coded data are mapped to legacy PDSCH region first then mapped to LTE control channel region.
Proposal 4: For broadcast MPDCCH/PDSCH transmission with repetitions, all or part of the MPDCCH/PDSCH are mapped into the DL control channel region.
· For a given subframe, different symbol index of MPDCCH/PDSCH transmission can be selected to be mapped to DL control channel region according to the RV cycling rule used, and/or subframe index, and/or whether or not a symbol includes CRS.  
Proposal 5: For unicast MPDCCH/PDSCH transmission, MPDCCH/PDSCH transmission are rate-matched to all OFDM symbols and mapped from symbol #0.
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