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1 Introduction

The use of LTE control channel region for DL transmission [1] was discussed in RAN1#94 [2] and RAN1#94bis [3] meetings, and the following agreements were achieved.

Agreement in RAN1#94 
· 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.
Agreement in RAN1#94Bis 

· Support PDSCH broadcast transmission in LTE control channel region

· PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.

This contribution provides further discussion on use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs. 
2 MPDCCH transmission on LTE control channel region
2.1 The frequency and time domain resource determination for current MPDCCH

For the UE group or cell specific MPDCCH, like UE group MPDCCH carrying scheduling information of paging PDSCH and cell specific MPDCCH carrying SC-MCCH, the narrowband number and narrowband location for paging and SC-MCCH are signaled in SIB3 and SIB20 respectively. For the scheduling information of MPDCCH for RAR, it is configured in PRACH-Config. The time and frequency resource of SIB1 is predefined in 36.211 while the TBS and repetition number is configured via schedulingInfoSIB1-BR-r13 in MIB.
For the UE specific search space, the number of hopping narrowbands (2 or 4), the hopping offset and the hopping interval are configured in SIB1. And the starting narrowband index, hopping flag are signaled in UE specific RRC signaling. UE can determine the narrowband based on the starting narrowband, hopping interval, hopping offset, hopping narrowband number and hopping flag.
The number of PRB pairs is configured via RRC signaling which can be 2, 4 or 6 for BL/CE UE. And the dedicated PRB locations are indicated via higher layer parameter resourceBlockAssignment-r11 indicating a combinatorial index [image: image9.png]PDCCH MPDCCH/PDSCH
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 corresponding to the PRB locations. 

The starting OFDM symbol for any MPDCCH and PDSCH scheduled on the same cell is configured by startSymbolBR in SIB1-BR except the PDSCH carrying SystemInformationBlockType1-BR. 
2.2 Impact on current MPDCCH
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Figure 1 Use PDCCH for common MPDCCH/PDSCH

For the UE group or cell specific MPDCCH, like UE group MPDCCH carrying scheduling information of paging PDSCH and cell specific MPDCCH carrying SC-MCCH and SC-MTCH scheduling information, as the DCI content and MPDCCH resource are shared among a group UE or all the UE interested in MBMS traffic, from the view of compatibility of new UE (i.e. UE with the capability of use control region for DL MPDCCH) and legacy UE (i.e. UE without the capability of use control region for DL MPDCCH) as shown in Figure 1, how to use this kind of MPDCCH should be considered carefully. If the PDCCH is not used for common MPDCCH, the reserved resource for PDCCH is wasted for the new UE. The PDCCH resource can be utilized by the new UE to improve demodulation resource or reduce MPDCCH repetition number to reduce UE power assumption in turn. Thus it is meaningful to use PDCCH for common MPDCCH for new UE.
Proposal 1: Support using PDCCH region for common MPDCCH of new UE.
From the view of guaranteeing legacy UE performance, keeping the legacy common MPDCCH mapping unchanged and mapping all or part of the MPDCCH into the PDCCH region can be considered for legacy UE as shown in Figure 2. With this means, performance can be kept for the legacy UE while it will be improved with using PDCCH resource for new UE. If the option 2 is adopted, rate-matching MPDCCH for new UE will lead the MPDCCH incomplete for legacy UE which will make the demodulation performance degrading. 
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Figure 2 Mapping principle for common MPDCCH/PDSCH

Proposal 2: Keep the common MPDCCH mapping unchanged and map all or part of the MPDCCH into the PDCCH region.
With respect of what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH, as there is no difference of PDCCH resuing means which is not related to the carriered information content, all the broadcast transmission can use PDCCH for MPDCCH for new UE and same means of use PDCCH for MPDCCH can be considered.
Proposal 3: All the MPDCCH broadcast transmission can use PDCCH for new UE.
For the UE specific MPDCCH, based on the discussion in section 2.1, eNB can configure the narrowband and PRB pair set per UE via UE specific RRC. For the stand alone deployment, the MTC might be deployed with 1.4 MHz/5MHz system bandwidth. To deploy the new UE and legacy UE in the same system band, eNB can configure the different PRB pair set carrying MPDCCH at the same time for new UE and legacy UE, or configure the same PRB pair set carrying MPDCCH at the different time for new UE and legacy UE.
To minimize the specification effect, keeping the mapping principle of EREG, ECCE and MPDCCH the same as the current definition is preferable. To reuse the LTE control channel region for MPDCCH, the solution is configuring the starting OFDM symbol as 0 in UE specific RRC signaling which has minimal specification effect. With this solution, all the OFDM symbols can be used for rate-matching. Thus the coding rate of the same DCI is decrease with keeping the others assumption unchanged. The eNB can configure lower aggregation level or less repetition number to save physical resource in turn.
Proposal 4: Support UE specific MPDCCH rate-matched to all OFDM symbols.
3 PDSCH transmission on LTE control channel region
3.1 The frequency and time domain resource for current PDSCH
For a BL/CE UE, the resource allocation for PDSCH carrying SystemInformationBlockType1-BR and SI messages is a set of six contiguously allocated localized virtual resource blocks [4]. For the narrowband allocated for PDSCH carrying SystemInformationBlockType1-BR is defined as in [5] which is related to PCID and system bandwidth for SIB1-BR, while the narrowband allocated for PDSCH carrying other SI is configured in SIB1-BR.
3.2 Impact on current PDSCH
As the SI is broadcasting to all the UE in the serving cell, both new UE and legacy UE share the same PDSCH resource. Except PDSCH carrying SI, the PDSCH carry RAR, paging information, and SC-MCCH /SC-MTCH are targeting for contention UEs, a group of UE in one paging occasion, and all the UE interested in MBMS traffic within the serving cell respectively. Thus, from the view of compatibility, how to use LTE control channel region for those common PDSCH/PDSCH broadcast transmission should be considered carefully.
As agreed in last meeting, PDSCH broadcast transmission in LTE control channel region is supported. With respect of what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for PDSCH, as there is no difference of PDCCH resuing means which is not related to the carriered information content, all the broadcast transmission can use PDCCH for PDSCH for new UE and same means of use PDCCH for PDSCH can be considered.
Proposal 5: All the PDSCH broadcast transmission can use PDCCH for new UE.
With respect of the reuse solution, it is agree that PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols and FFS on RE mapping details. However, it is not clear whether this solution is applicable to PDSCH broadcast transmission. 
Proposal 6: Clarify whether rate-matching is applicable to PDSCH broadcast transmission.
From the technical point of view, to ensure legacy UE decoding the PDSCH broadcast transmission rightly, the PDSCH region should remain unchanged and the PDCCH region is only available for new UE. Thus, for PDSCH broadcast transmission, keeping rate-matching and mapping unchanged for PDSCH region and mapping all or part of the PDSCH into the PDCCH region for new UE as shown in Figure 2 can be considered. With this means, performance can be kept for the legacy UE while it will be improved with using PDCCH resource for new UE.
Proposal 7: Keep rate-matching and mapping unchanged for PDSCH region and map part of the PDSCH region into the PDCCH region for PDSCH broadcast transmission.
The PRB(s) allocated for PDSCH carrying UE specific normal data is configured in UE specific MPDCCH. Legacy UE and new UE can be deployed in the same stand-alone network without affecting each other’s performance.
The starting OFDM symbol for any PDSCH scheduled on the same cell is configured by via startSymbolBR in SIB1-BR except the PDSCH carrying SystemInformationBlockType1-BR. For reception of SIB1-BR, 
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for the cell on which PDSCH is received as descried in Section 7.1.6.4A [4]. Thus using the control channel region for UE specific PDSCH can be achieved via configuring starting OFDM symbol 0. With this means, the UE data will be rate-matched onto all the OFDM symbols. 
Proposal 8: Enabling using PDCCH region for UE specific PDSCH via configuration can be considered.
With respect of the REs resource utilization, two solution can be considered. One solution is keeping the TBS unchanged and reducing the configured PRB number or repetition number to save physical resource in turn. The other solution is increasing the TBS of corresponding RB number proportionally.
4 Conclusions
In this contribution, some aspects of using LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs are discussed, and the following proposals are given:
Proposal 1: Support using PDCCH region for common MPDCCH of new UE.
Proposal 2: Keep the common MPDCCH mapping unchanged and map all or part of the MPDCCH into the PDCCH region.
Proposal 3: All the broadcast transmission can use PDCCH for MPDCCH for new UE.
Proposal 4: Support UE specific MPDCCH rate-matched to all OFDM symbols.

Proposal 5: All the broadcast transmission can use PDCCH for PDSCH for new UE.
Proposal 6: Clarify whether rate-matching is applicable to PDSCH broadcast transmission.
Proposal 7: Keep rate-matching and mapping unchanged for PDSCH region and map part of the PDSCH region into the PDCCH region for PDSCH broadcast transmission.
Proposal 8: Enabling using PDCCH region for UE specific PDSCH via configuration can be considered.
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