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1 Introduction

In the previous RAN1 meeting the following is agreed on the subframes where UE monitors EPDCCH:

· The subframes where UE monitors ePDCCH USS are defined by at least rules in the specs

· not special subframe configurations 0 and 5 for normal CP, 0 and 4 for extended CP

· working assumption that configuration by higher layer signalling can also be provided (details of the higher layer signalling are FFS)

This contribution further discusses the working assumption on configuring subframes for monitoring EPDCCH.

2 Discussions
Apart from the special subframes listed in the agreement above, i.e., special subframe configuration 0 & 5 for normal CP and 0 & 4 for extended CP, there are other subframes where the UE does not monitor EPDCCH.  For example, in [1] it is identified that EPDCCH transmission in subframes used for PMCH is not feasible since PMCH always uses full bandwidth with extended CP, and the required DM-RS pattern would collide with Port 4 MBSFN RS pattern.  Unlike the special subframes which are known to the UE, subframes containing PMCH may not be known by the UE especially if it does not support MBMS, and PMCH transmission therefore cannot be defined as “rules in the specs”.  Hence, for these other subframes, e.g. the PMCH, the network needs to indicate them to the UE.
Proposal 1: Confirm the working assumption that the subframes where UE monitors EPDCCH USS are configurable by higher layer signalling
In MBSFN, a cell can belong to 8 different MBSFN areas where each area has a subframe pattern containing PMCH.  The subframe indication in Proposal 1 therefore needs to be flexible enough to indicate all possible combinations of subframe patterns containing PMCH.  Furthermore, there may be other subframes where the network wishes to exclude a UE from monitoring for EPDCCH.  A straightforward way of indicating the subframes that the UE should monitor for EPDCCH is to use a bitmap.
Proposal 2: A bitmap is signalled to the UE indicating the subframes where the UE needs to monitor for EPDCCH
The subframe pattern for PMCH can have a periodicity of 32 radio frames (i.e. 320 subframes).  This will result in the EPDCCH subframe indicationg consuming a large overhead.  Furthermore, if the signalling to indicate EPDCCH-monitoring subframes needs to be sent or updated often, a large bitmap is not practical.
Observation 1: Using a full 320-bit bitmap to indicate subframe pattern containing PMCH can result in very large overhead.

The IE “MBSFN-SubframeConfig” indicates subframes for MBMS, positioning and relay in the form of a bitmap and it is broadcasted in SIB2.  Since part of the information on the PMCH subframe pattern is therefore already available, the network need only signal the remaining information required to identify subframes containing PMCH.  This can be done by taking the subframes indicated as “1” from “MBSFN-SubframeConfig” in SIB2 and forming a logical bitmap.  In this logical bitmap the subframes containing PMCH can be marked (e.g. as “1”).  An example of this is shown in Figure 1 where a logical bitmap is formed using the subframes indicated in SIB2.  This logical bitmap is sent to the UE where the UE can reverse the process to form a bitmap of subframes where PMCH is located.  It is possible to mark other subframes that are excluded from EPDCCH monitoring apart from PMCH.
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Figure 1: Logical bitmap indicating subframes where EPDCCH is not monitored

Proposal 3:  The network forms a logical bitmap, using information from SIB2, indicating subframes where EPDCCH is not monitored in the MBSFN subframes.
The network may also wish to indicate subframes that are not already indicated in SIB2 (in MBSFN-SubframeConfig IE).  For example, for FeICIC, the eNB may wish to assign PDCCH for ABS subframes and EPDCCH for non-ABS subframes.  For these cases, another bitmap (e.g. 10 bits) can be used in addition to the logical bitmap.  This bitmap will indicate subframes where the UE does not need to monitor for EPDCCH,i.e. marked as “1” whils the other subframes can be marked as “0”.  This bitmap can then be combined, for example using an “OR” operator with the bitmap formed using the logical bitmap to give an overall picture of the subframes where the UE does not need to monitor for EPDCCH.

Proposal 4: Consider using an additional bitmap to indicate subframes where the UE does not need to monitor for EPDCCH that are not indicated in the logical bitmap of Proposal 3.

3 Conclusion
In this contribution we discuss higher layer signalling indicating the subframes where the UE monitors for EPDCCH.  We propose the following:
Proposal 1: Confirm the working assumption that the subframes where UE monitors EPDCCH USS are configurable by higher layer signalling
Proposal 2: A bitmap is signalled to the UE indicating the subframes where the UE needs to monitor for EPDCCH
Proposal 3:  The network forms a logical bitmap, using information from SIB2, indicating subframes where EPDCCH is not monitored in the MBSFN subframes.

Proposal 4: Consider using an additional bitmap to indicate subframes where the UE does not need to monitor for EPDCCH that are not indicated in the logical bitmap of Proposal 3.
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