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1. Introduction

In 3GPP RAN1 #70, the impact on ePDCCH by transmission of PMCH, PRS and etc was discussed together with the separation of detections of ePDCCH USS and PDCCH USS, and an agreement is achieved as in [1]:
· 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
This contribution shows our further view on the subframe configuration for UE in ePDCCH monitoring. 
2.  High-layer signalling configuration of ePDCCH subframe 
It is taken as working assumption in RAN1 #70 that high layer signaling configuration can be a solution to inform UE of the subframes in which it is directed to monitor ePDCCH. Such signaling configuration should be UE-specific, due to following reasons:
· In the HetNet deployment where the LPN TPs have the same PCID as overlaid macro-cell, cell-specific signaling configuration cannot support different TPs having different subframe configurations for PDCCH/ePDCCH monitoring. 

· Different UEs may observe different interference situations in PDCCH/PDSCH regions. So, it is beneficial from interference point of view to send DCI to one UE by PDCCH, and to another UE by ePDCCH. 

· It can improve eNB scheduling capability to independently configure subframes for UE to monitor ePDCCH. As shown in Figure 1, even though PDCCH (or ePDCCH) is not available to one UE in certain subframe, it can be available to another UE, so the corresponding system resource is not wasted.  
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Figure 1 ePDCCH subframe configuration
Proposal 1: High layer signalling to configure subframes for ePDCCH monitoring, if defined, is UE-specific.
PMCH transmission can block ePDCCH and therefore is considered one of potential design criteria for high-layer signaling. However, it turns out to be difficult to keep the PMCH subframe out of signaled ePDCCH monitoring subframes just as needed, because of following reasons:

· ePDCCH/PDCCH scheduling and PMCH scheduling are handled at different network nodes, and may even on different network layers. There is no guarantee these two types of scheduling could cooperate with each other in advance before eNB issues high-layer signaling to UE for ePDCCH monitoring. 
· The high-layer configuration of ePDCCH monitoring is semi-static, while the pattern change in PMCH transmissions over all MBMS services in a cell can be faster. 

Consequently, such high layer signaling design can result in one of following cases regarding to exclusion of PMCH subframes from ePDCCH monitoring: 

· Case-1: High layer signaling excludes all PMCH subframes from ePDCCH monitoring, but more than necessary.  Some MBSFN subframes not actually carrying any PMCH is also marked not available for ePDCCH monitoring. For the informed UE, DCI can only be transmitted in PDCCH region, which has only maximum 2 OFDM symbols in MBSFN subframes. The DCI capacity in these subframes can be low, but still the same as in Rel-10.
· Case-2: High layer signaling excludes some but not all of PMCH subframes from ePDCCH monitoring. Therefore, for the informed UE, DCI is not receivable in certain subframes from both PDCCH and ePDCCH, which leads to unavailability of certain UL subframe to the UE for initial transmission of PUSCH. However, as mentioned aforehand, these UL subframes can be made available to other UE for initial transmission of PUSCH, since the configuration is UE-specific. 
· Case-3: as a combination of Case-1 and Case-2, i.e., high layer signaling excludes some but not all of PMCH subframes from ePDCCH monitoring, meanwhile it also excludes some MBSFN subframes not carrying PMCH from ePDCCH monitoring.  

There is no strong evidence to show any one of above cases has worse consequence than others from system point of view and therefore should be avoided on a high priority. It can be taken to eNB implementation to balance among three above cases.  However, it is still beneficial for the designed high layer signaling to have subframes pattern configuration similar to that of MBSFN subframe. Therefore, we propose to include a number of following information field combinations into the high-layer signaling.
1) Radio frame period (P) and offset (O): where P can be chosen from {4,8,16,32,64,128,256}, and O can be integers between 0 and 10.  

2) 40-bit subframe bitmap: to identify the subframes within time of 4 consecutive radio frames, where the SFN of the first radio frame is identified by SFN mod P = O.  
The UE detects ePDCCH in the DL subframes that meet any of following conditions: 

· The subframe belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P ≠O for any configured pair of P and O; or

· The subframe belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P =O, and the corresponding bitmap field for the suframe is set to 1. 

The UE detects PDCCH USS in the rest of DL subframes. 
Proposal 2: The high-layer signalling, if defined to identify the subframes for ePDCCH monitoring, includes one or more triplet information elements <radio frame period (P), radio frame offset (O), 40-bit bitmap>. The UE detects ePDCCH in the DL subframe that either belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P ≠O for <P,O> given by any configured triplets, or belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P =O for <P,O> given by one configured triplets and the corresponding bitmap field in the same triplet is marked for ePDCCH monitoring .
Another equivalent alternative in the high layer signalling design is to identify the subframes for PDCCH USS monitoring, instead of subframes for ePDCCH monitoring. 

It should be noted that, even though one MBSFN subframe is marked by high-layer signalling for ePDCCH monitoring, the UE can still be allowed to drop the ePDCCH detection in this subframe if the subframe is informed to UE as the one carrying PMCH or PRS. This UE behaviour is UE implementation dependent. 
3.   Conclusions
This paper is summarized as below. 
Proposal 1: High layer signalling to configure subframes for ePDCCH monitoring, if defined, is UE-specific.
Proposal 2: The high-layer signalling, if defined to identify the subframes for ePDCCH monitoring, includes one or more triplet information elements <radio frame period (P), radio frame offset (O), 40-bit bitmap>. The UE detects ePDCCH in the DL subframe that
· either belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P ≠O for <P,O> given by any configured triplets, or 
· belongs to 4 consecutive radio frames whose first frame satisfies SFN mod 4 =0 and SFN mod P =O for <P,O> given by one configured triplets and the corresponding bitmap field in the same triplet is marked for ePDCCH monitoring.
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