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Introduction
In RAN #80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is to optimize standalone deployments for eMTC by:
· 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 RAN1#94 meeting, the following agreements were made regarding the use of LTE control channel region for DL transmission [2]:
	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.



In current eMTC system, the starting symbol is at least 1 when number of DL PRBs in the system is more than 10, and is at least 2 when number of DL PRBs in the system is less than or equal to 10. The symbols before the starting symbol for eMTC are reserved for LTE control channel region, for coexistence with LTE in-band operation.
On the other hand, for the standalone deployment, the symbols reserved for the LTE control channel region can be exploited to improve the DL resource utilization. 
In this contribution we present our views on the necessary mechanisms to facilitate use of the LTE control channel region for DL transmission for MPDCCH/PDSCH in a backward-compatible manner. 
Using the entire LTE control region
[bookmark: _Ref521588416]Configuration and UE capability
For configuration of the use of LTE control region, system information such as SIB1-BR or SIBx-BR (x>1) can indicate whether UEs are expected to receive MPDCCH/PDSCH with starting symbol = symbol #0 of a subframe.
For instance, SIB1-BR can carry the indication of whether LTE control region is used, which allows the use of LTE control region for PDSCH carrying SIBx-BR with x>1 and/or MPDCCH and PDSCH associated with paging and random access procedures and unicast DL transmission.
Further, regarding utilization of the entire LTE control region, the related capability should be an optional UE capability that is reported as part of regular UE capability reporting. In this case, even if common control channels also utilize all symbols in the subframe, the utilization of the first one or two symbols in the subframe may be left up to UE implementation for demodulation performance of MPDCCH/PDSCH prior to connected establishment.
Proposal 1:
· SIB1-BR can carry the indication of whether the entire LTE DL control region is used for PDSCH carrying SIBx-BR with x>1 and/or MPDCCH and PDSCH associated with paging and random access procedures and unicast DL transmission.
Proposal 2:
· UE capability for utilization of the first one or two symbols of a subframe for MPDCCH/PDSCH demodulation is reported as part of regular capability reporting framework. 
· Even if common control channels are transmitted in the DL utilizing the first one/two symbols of a subframe, it is left up to UE implementation whether to utilize this for improving demodulation performance for MPDCCH/PDSCH reception prior to RRC connection establishment.

Utilizing all symbols for unicast and broadcast
With the above configuration and capability framework, it would be beneficial if the entire LTE control region can be utilized for MPDCCH and PDSCH transmissions in the DL not only for unicast scheduling but also for broadcast transmissions (common control). 
Next we consider a backwards-compatible approach to utilize the first one or two symbols of a subframe for standalone eMTC deployments. 
When the use of entire LTE control region is enabled, the MPDCCH or PDSCH is assumed to be rate-matched starting from symbol #1 or symbol #2 for system BWs of ≥ 10 PRBs or otherwise, respectively. 
Next, the first N symbols from the last (14-N) symbols can be copied to LTE control region, where N is the number of symbols in LTE control region that corresponds to the minimum duration that is reserved for legacy LTE PDCCH. Specifically, N = 1 for DL system BW ≥ 10 PRBs, while N = 2 for DL system BW < 10 PRBs. 
This approach provides a realization of lower code rate as well as enables frequency offset tracking using copies of two symbols. Towards the latter objective, in order to limit the amount of equivalent phase rotation caused by the frequency offset, the N ( = 1 and 2 respectively) symbols are copied from symbol #1 to symbol #0, and from symbols {#2, #3} to symbols {#0, #1} for DL system BW ≥ 10 PRBs and < 10 PRBs respectively.  At the same time, the any pre-Rel-16 UEs can still demodulate any common control transmissions based on the indicated starting symbol at #1 and #2 for DL system BW ≥ 10 PRBs and < 10 PRBs respectively.
Proposal 3:
· For a network indicating use of entire DL control region, the starting symbol indication in SIB1-BR indicates symbol #1 and symbol #2 for DL system BW ≥ 10 PRBs and < 10 PRBs respectively.
· At least for broadcast (common control) MPDCCH and PDSCH, the MPDCCH/PDSCH is rate-matched considering the starting symbol indication from SIB1-BR (i.e., symbol #1 and #2 for DL system BW ≥ 10 PRBs and < 10 PRBs respectively).
· At least for broadcast (common control) MPDCCH and PDSCH, the first one or two symbols of the MPDCCH/PDSCH (including any reference signals) are copied on to the first one or two symbols of the subframe respectively. 

Further optimization for unicast DL transmissions can be achieved by over-writing the starting symbol indication in SIB1-BR for Rel-16 UEs capable of this feature via UE-specific RRC signaling of the starting symbol for unicast MPDCCH/PDSCH transmissions. In such cases, the MPDCCH/PDSCH may be rate-matched starting from symbol #0 of a subframe.
However, for overall simplicity, the approach whereby the first one or two symbols of the MPDCCH/PDSCH (and any reference signals) are copied to the first one or two symbols of a subframe may be universally applied. Especially for UEs in moderate to deep coverage, adjacent copies of the same OFDM symbol can help significantly in estimation of residual frequency offset, that play a critical role in realizing gains from cross-subframe channel estimation. 

Proposal 4:
· For unicast MPDCCH/PDSCH, the following may be considered as an alternative:
· UE may be configured via UE-specific RRC signaling with a starting symbol value of symbol #0 that over-writes the indication in SIB1-BR.
· Accordingly, the MPDCCH/PDSCH may be rate-matched starting from symbol #0 of a subframe.

Conclusion
In this contribution, we discuss the design for the support of DL quality report in Msg3 for eMTC. Based on the discussions, we make the following observations and proposals:
Proposal 1:
· SIB1-BR can carry the indication of whether the entire LTE DL control region is used for PDSCH carrying SIBx-BR with x>1 and/or MPDCCH and PDSCH associated with paging and random access procedures and unicast DL transmission.
Proposal 2:
· UE capability for utilization of the first one or two symbols of a subframe for MPDCCH/PDSCH demodulation is reported as part of regular capability reporting framework. 
· Even if common control channels are transmitted in the DL utilizing the first one/two symbols of a subframe, it is left up to UE implementation whether to utilize this for improving demodulation performance for MPDCCH/PDSCH reception prior to RRC connection establishment.
Proposal 3:
· For a network indicating use of entire DL control region, the starting symbol indication in SIB1-BR indicates symbol #1 and symbol #2 for DL system BW ≥ 10 PRBs and < 10 PRBs respectively.
· At least for broadcast (common control) MPDCCH and PDSCH, the MPDCCH/PDSCH is rate-matched considering the starting symbol indication from SIB1-BR (i.e., symbol #1 and #2 for DL system BW ≥ 10 PRBs and < 10 PRBs respectively).
· At least for broadcast (common control) MPDCCH and PDSCH, the first one or two symbols of the MPDCCH/PDSCH (including any reference signals) are copied on to the first one or two symbols of the subframe respectively. 
Proposal 4:
· For unicast MPDCCH/PDSCH, the following may be considered as an alternative:
· UE may be configured via UE-specific RRC signaling with a starting symbol value of symbol #0 that over-writes the indication in SIB1-BR.
· Accordingly, the MPDCCH/PDSCH may be rate-matched starting from symbol #0 of a subframe.
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