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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we made the following conclusion, working assumption and agreement related to cross-slot scheduling:
Conclusion
CRS modulation symbols in OFDM symbols 0 and 1 of the stand-alone carrier are the same as those in the legacy control channel region.

Agreement
When performing rate-matching for PDSCH in the LTE control region, all resource elements shall be counted in the PDSCH mapping, except for the ones reserved for cell-specific reference signals on any antenna port.
· Same as legacy operation

Working Assumption
For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart symbols in the second slot are copied into the first lMPDCCHStart symbols in the first slot.

A full list of agreements for this feature is contained within [1] and the various chairman’s notes for recent RAN1 meetings.
This document considers the merits of a fixed and a variable mapping rule into the legacy control channel region for MPDCCH and  proposes confirming the working assumption on applying a fixed MPDCCH mapping rule 
2. MPDCCH mapping: fixed or variable
The working assumption on MPDCCH mapping from RAN1#96bis provide a simple and effective rule for mapping MPDCCH symbols in the LTE control channel region, as illustrated in Figure 1. This rule always copies the same OFDM symbols to the legacy control channel region, thus only providing an SNR gain some symbols. The processing gain associated with this mapping rule is approximately 1dB (mapping MPDCCH to 14 OFDM symbols rather than 11 OFDM symbols).
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[bookmark: _Ref7774783]Figure 1 – Fixed mapping rule for MPDCCH according to RAN1#96bis working assumption
An alternative mapping is a variable mapping, where different OFDM symbols are mapping into the legacy control channel region in different subframes [3]. This is illustrated in Figure 2 (figure is copied from [3]).

[image: ]
[bookmark: _Ref7776887]Figure 2 – Time-varying mapping of MPDCCH into legacy control channel region (from [3]: Nokia)
[bookmark: _GoBack]This scheme has the advantage of providing an SNR gain to different symbols. However this gain is only achieved when repetition applies (which, admittedly, is probably the region where a performance gain would be advantageous). The scheme doesn’t provide a coding gain per-se (since no new coded bits are transmitted: bits that are already transmitted are repeated). Our understanding is that, while a performance gain could be expected, an additional performance gain would be a fraction of the processing gain for the fixed mapping scheme (low tenths of a dB: since we are not proponents of this scheme, we have not simulated the performance gain). We would also expect this feature to increase specification, implementation and testing work.
The fixed mapping rule, according to the working assumption, is simple and provides the bulk of any potential performance gain from mapping MPDCCH to the legacy control channel region. The fixed mapping rule also facilitates enhanced FTO estimation (while enhanced FTO estimation is possible with the variable mapping scheme, the implementation of such a scheme would be complicated: the time distance between identical symbols is not fixed in the variable scheme).
Proposal: Confirm the working assumption: For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart symbols in the second slot are copied into the first lMPDCCHStart symbols in the first slot.



3. Conclusion
This contribution has considered whether to confirm the RAN1#96bis working assumption on MPDCCH mapping rule and makes the following proposal:
Proposal: Confirm the working assumption: For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart symbols in the second slot are copied into the first lMPDCCHStart symbols in the first slot.
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