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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The agreements related to use of the LTE control channel region for DL transmissions are summarized in [1].
This document considers the following issues that were identified in the feature lead summary [2] from RAN1#96 Athens.
· Mapping of MPDCCH to the LTE control channel region
· PDSCH mapping to the LTE control channel region
· CRS presence in the LTE control channel region
2. CRS presence in legacy control channel region 
It should be possible for a legacy UE to access a standalone carrier, where the standalone carrier also maps eMTC signals in the LTE control channel region [4], [5], [6], [7]. Since a legacy UE expects the LTE carrier to support CRS in OFDM symbols 0 and 1, the stand-alone carrier should support CRS in the LTE control channel region, as shown in Figure 1 [3]. 
In order to support legacy UEs, the CRS modulation symbols in OFDM symbols 0 and 1 of the standalone carrier should be the same of those in the legacy control channel region.
MPDCCH and PDSCH mapping schemes that copy other OFDM symbols into the legacy LTE control channel region need to account for the presence of these CRS, either through rate-matching, or through puncturing [5]. 
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[bookmark: _Ref4786632]Figure 1 – Support of CRS in the legacy control channel region

Proposal 1: CRS modulation symbols in OFDM symbols 0 and 1 of the standalone carrier should be the same as those in the legacy control channel region.
3. Mapping 
3.1 MPDCCH mapping
The basic rule that companies agree on for MPDCCH mapping in the legacy control channel region is that OFDM symbols from the Rel-15 MPDCCH region will be copied into the legacy control channel region. The question then is which of the OFDM symbols should be copied. There are several possibilities that are discussed further below:
· Copy corresponding symbols from the second slot into the LTE control region: Ericsson [8], Qualcomm [9]
· This is a simple scheme that also directly maps OFDM symbols containing CRS RE patterns into corresponding OFDM symbols with the same CRS RE pattern. While the CRS RE pattern in OFDM symbol 7 is the same as that in OFDM symbol 0, the CRS modulation symbols in OFDM symbol 7 are different to those in OFDM symbol 0, so the CRS modulation symbols themselves need to be modified as part of this mapping (see section 2 of this document).
· Copy the last N symbols of the MPDCCH into the LTE control region: Intel [6]
· While this scheme provides for finer frequency tracking than the previously described scheme (due to the wider separation of the copied OFDM symbols), the MPDCCH DMRS patterns in the last N symbols will be punctured by CRS when copied into the first N OFDM symbols, hence it will be more difficult to use the MPDCCH DMRS in OFDM symbols 0 and 1 for channel estimation.
· Different MPDCCH mappings can be used in time and/or frequency: Nokia [4], ZTE [10]
· These schemes increase diversity slightly when repetition is applied by changing the REs (and hence physical bits) that are mapped to the legacy control channel region from repetition to repetition. Our view is that the associated diversity increase will be marginal (especially for the repetition case, where the code rate is already low) and the expected marginal performance gain will not justify the increased complexity of the scheme.
Our preference is hence that for MPDCCH mapping, corresponding symbols from the second slot are mapped into the LTE control region.
Proposal 2: For MPDCCH mapping, corresponding symbols from the second slot are mapped into the LTE control region.
3.2 PDSCH mapping
It has previously been agreed by RAN1that PDSCH is mapped using legacy rate matching and wrap around (i.e. REs are mapped from OFDM symbol lDataStart to OFDM symbol 13 and then from OFDM symbol 0 to OFDM symbol lDataStart – 1). The rate matching should hence be performed based on the number of physical bits in the whole subframe (from OFDM symbol 0 to OFDM symbol 13), excluding the OFDM symbols occupied by CRS [8]. 
The nature of circular buffer rate matching will mean that the REs mapped from OFDM symbol lDataStart to OFDM symbol 13 will be the same as for the legacy case. This allows both legacy UEs and Rel-16 UEs to decode the same PDSCH (e.g. a multicast PDSCH).
Proposal 3: PDSCH rate matching is performed based on all of the resource elements in the allocated PRBs, except for those REs reserved for CRS transmission on any antenna port.
4. Summary of proposals
This document has considered use of the LTE control channel region for DL transmissions and makes the following proposals and observations:
Proposal 1: CRS modulation symbols in OFDM symbols 0 and 1 of the standalone carrier should be the same as those in the legacy control channel region.
Proposal 2: For MPDCCH mapping, corresponding symbols from the second slot are mapped into the LTE control region.
Proposal 3: PDSCH rate matching is performed based on all of the resource elements in the allocated PRBs, except for those REs reserved for CRS transmission on any antenna port.
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