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1. Introduction

In the last meeting(RAN1 #70), there were some agreements on EPDCCH monitoring as followings:

Agreement:

· In subframes where UE monitors EPDCCH USS on a given carrier

· it does not monitor PDCCH USS on the same carrier

· it can at least be configured to monitor either localised, or distributed EPDCCH candidates in a given subframe

· it also monitors CSS on PDCCH

· working assumption that the UE can be configured to monitor both localised and distributed EPDCCH candidates in a given subframe

· If “both” are configured, the total number of USS blind decodes on the carrier is not increased

· 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)

· In subframes not configured for monitoring EPDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 behaviour


On the base of the above agreements, we propose EPDCCH monitoring operation, especially focusing on subframe set configuration and starting symbol indication according to that.
2. EPDCCH monitoring procedure

As in [1], even a Rel-11 UE configured to monitor EPDCCH, it should monitor CSS and USS on PDCCH depending on subframe category such as special subframe configuration 0 and 5 for normal CP, 0 and 4 for extended CP. In this those subframes, the remaining behavior is the same as a Rel-10 UE. Meanwhile, in the subframes in which a UE monitors USS on EPDCCH region, it needs some more information such as how to determine EPDCCH starting position which is closely related to [2]. To support the above operation, we propose that whole information UE needs is given by higher layer signaling.


First of all, higher layer signaling should contain subframe separation between EPDCCH and PDCCH monitoring since UE may not be able to know whether EPDCCH is transmitted in the subframe or not. As in [1], the necessity is on the rise especially in case of PRS, PMCH subframe, robust fallback, and forward compatibility. A bitmap can be contained in the higher layer signaling to indicate whether USS is configured in PDCCH or EPDCCH in each subframe, and the bitmap needs to be defined properly in order to cover these motivations. If a subframe is configured to monitor USS on PDCCH, the UE does not need additional information in the subframe.


If a subframe is configured to monitor USS on EPDCCH, UE needs to know the location of EPDCCH starting symbol. As stated in [2], two ways can be considered to determine the EPDCCH starting symbol. One is to use PCFICH transmitted in PDCCH region. This method is beneficial in that the EPDCCH starting symbol can be dynamically adjusted but has a problem if PDCCH region is full of interference from another eNB in CA/non-CA-based HetNet with the application of the cell range expansion. Another way is to indicate the EPDCCH starting symbol by higher layer signaling which does not require the UE to read PCFICH, thereby enabling EPDCCH monitoring even in the cell range expansion area. As the possibility of reading PCFICH is dependent of the interference situation of each subframe (i.e., whether ABS is configured or not at the aggressor cell), each of the two ways can be applied to different group of subframes. This implies that higher layer signaling needs to determine whether the EPDCCH starting symbol is determined by PCFICH or a higher layer indicating value. Furthermore, even when a certain set of subframes are configured to be monitored with the starting symbol configured by higher layer, the starting symbol index can be different in different subframes as discussed in [2]. Figure 1 summarizes the above discussion under the assumption that higher layer can configure up to two different EPDCCH starting symbol indices.
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Figure 1 EPDCCH monitoring flow

The illustration in Figure 1 implies that there can be up to four sets of subframes that are need to be identified by higher layer signaling for the EPDCCH monitoring. If it should be avoided to configure too many subframe sets at the same time, it is possible to limit the total number of subframe sets to a predefined value by a proper signaling configuration. For example, if the number of total subframe sets are limited to two, higher layer signaling can indicate two subframe sets, e.g., by a bitmap, and configure the detailed property of the control channel monitoring for each set. To be specific, the following information needs to be provided for each set:

· Whether the UE monitors USS in PDCCH or EPDCCH,

· If EPDCCH is selected, whether the starting symbol is determined by PCFICH or configured by higher layer,

· If higher layer configuration is selected, the symbol index to use.

3. Conclusions


In this contribution, we discuss EPDCCH/PDCCH monitoring configuration and its procedures. We propose the following:
Proposal: Higher layer signaling identifies multiple sets of subframes with regard to the control channel monitoring. The following information needs to be provided for each subframe set:

· Whether the UE monitors USS in PDCCH or EPDCCH,

· If EPDCCH is selected, whether the starting symbol is determined by PCFICH or configured by higher layer,

· If higher layer configuration is selected, the symbol index to use.
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