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Discussion and Decision
1 Introduction

In RAN#80 meeting, A new WI Rel-16 MTC enhancements for LTE [1] was agreed, one of the objective is 

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.

And the following agreements were reached in RAN1#94bis meeting [2].

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 this contribution, we give the analysis on how to use resources in the LTE control region.
2 DL control region usage for stand-alone deployment
In legacy eMTC deployment, the symbols in LTE downlink control part can’t be used by eMTC to avoid the impact on LTE PDCCH transmission. But for eMTC stand-alone deployment, there is no eMTC and LTE co-existence issue, LTE downlink control part don't need to be reserved any more. Thus, the symbols in LTE downlink control region could be used for MPDCCH and PDSCCH transmission to improve the system performance. 
· CRS transmission

As the stand-alone carrier allows legacy eMTC UE to access the network, and the legacy UE needs to monitor CRS for the purpose of CSI measurement and demodulation for some transmission modes, to avoid the performance impacts on legacy UE, the CRS needs to be transmitted in the first two symbols in DL control region, and the number of CRS is determined by the number of antenna port. 
· PDSCH transmission

According to the agreements in last meeting, both broadcast and unicast PDSCH are supported to be transmitted in DL control region, PDSCH are rate-matched on all available DL OFDM symbols. To keep the backward compatibility, the PDSCH data can map onto the data region first, then maps on the DL control region in frequency first and time second manner. Thus the legacy UE receiving PDSCH carrying SIBx or paging will not be impacted, and the new eMTC UE benefits the additional physical resources to improve the reception robustness. For unicast PDSCH transmission, the data rate of Rel.16 eMTC UE can be improved. The same treatment for both broadcast and unicast PDSCH is preferred to reduce the eNB and UE implementation complexity.  
Proposal 1: PDSCH data maps onto data region first, then maps on DL control region in frequency first and time second manner.

· MPDCCH transmission
The additional symbols in DL control region could be used for MPDCCH transmission to improve the MPDCCH reception reliability. To keep the backward compatible for legacy eMTC UE, the operation of MPDCCH mapping onto resource elements in the legacy PDSCH data region shall not change, the RE mapping is started in the symbol as indicated according to parameter startSymbolBR in the SIB1-BR, the additional MPDCCH mapping onto the downlink control region just replicates the MPDCCH in the data region. This operation can be applied for MPDCCH for both broadcast PDSCH and unicast PDSCH. 
Proposal 2: The MPDCCH mapping onto DL control region replicates the MPDCCH in data region.
· Signaling support for DL transmission in control region
With introducing this the new feature, the network needs to inform the Rel.16 eMTC UE whether this feature is enabled or disabled. The signaling can be indicated by broadcast channel, such as SIB1-BR or MIB, or by dedicated signaling. If DL transmission in control region is enabled via UE specific signaling, UE could only get the gain of DL transmissions after the RRC connection setup. For broadcast channel enabling/disabling of DL control region for DL transmission, if it is enabled by MIB, after receiving PBCH successfully, the UE could potentially get the gain of the SIB1-BR and other SIBs, MPDCCH and PDSCH. But before SIB1-BR reception, Rel.16 eMTC UE has no formation of the starting symbol (lstart) for MPDCCH and PDSCH transmission, e.g., startSymbolBR, which is used by legacy UE to determine the starting symbol, such the Rel.16 eMTC UE don’t know the starting symbol of data region, and don’t know the correct RE mapping of MPDCCH and PDSCH. In this sense, the SIB1-BR is the natural choice to enable/disable of DL transmission in control region.   
Proposal 3: eNB indicates the usage of symbols in LTE DL control region by system information, e.g., SIB1-BR.
3 Conclusions

In this contribution, we analyze the usage of LTE DL control region and make the following observations and proposals. 
Proposal 1: PDSCH data maps onto data region first, then maps on DL control region in frequency first and time second manner.

Proposal 2: The MPDCCH mapping onto DL control region replicates the MPDCCH in data region.

Proposal 3: eNB indicates the usage of symbols in LTE DL control region by system information, e.g., SIB1-BR.
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