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1. Introduction

This contribution provides some discussion on EPDCCH monitoring. For CSS, it is proposed to monitor legacy PDCCH for fallback operation. For USS, UE alternatively monitors legacy PDCCH and EPDCCH according to the subframe pattern configured by higher layer. USS in EPDCCH can be further divided into multiple sub-spaces.

2. Discussion
2.1. CSS monitoring in PDCCH
It was agreed that common search space (CSS) is not supported on EPDCCH. This implies that UE monitors CSS in PDCCH. One usage of CSS in PDCCH is that the UE can perform the “fallback operation” based on it. This is beneficial mainly in that it can provide proper fallback operation during the time of configuration change in EPDCCH. To be specific, when EPDCCH reconfiguration is triggered by higher layer signaling (for change in some attributes of EPDCCH such as the set of EPDCCH PRB pairs, localized/distributed EPDCCH transmission, scrambling sequence of DM RS, and so on), there is time duration of ambiguity where the new configuration at eNB side is not synchronized with UE side. This implies that a UE needs to monitor a “fallback physical control channel” – the legacy PDCCH – in addition to “configured physical control channel.”  CSS in PDCCH can serve this purpose.

Observation 1: UE monitors CSS in PDCCH and fallback operation can be performed based on it.

2.2. USS monitoring either in PDCCH or in EPDCCH
UE monitors UE-specific search space (USS) in legacy PDCCH for a set of subframes where EPDCCH transmission is limited. There are some subframes in which it is difficult to transmit EPDCCH. First, EPDCCH cannot be transmitted in the center 6 RBs of subframes #0 and #5 due to the collision between UE-specific RS and PSS/SSS/PBCH [1]. This will limit the use of EPDCCH in those subframes in a narrowband system. For PMCH and PRS the same collision problem occurs and the subframes containing these channel/signal cannot be used for EPDCCH. Second, no OFDM symbol is available for EPDCCH in TDD special subframes with the shortest DwPTS configuration (i.e., special subframe configurations #0 and #5 in the normal CP and #0 and #4 in the extended CP). For the new TDD special subframe with 5 symbol DwPTS in extended CP, it was agreed that DMRS based demodulation using a subset of antenna port #7~#14 is not supported [2]. 

Therefore, in those subframes where EPDCCH cannot be transmitted, it is natural to monitor the legacy PDCCH. This implies that the principle of TDM needs to be applied to the split of a UE’s blind decoding capability. In other words, the entire subframes are partitioned into two subsets, and an EPDCCH configured-UE monitors its USS in the configured EPDCCH in a subset of subframes while monitoring its USS in the legacy PDCCH in the other set. 
Subframe pattern is configured by higher layer signaling. Subframe pattern contains the information of the set of subframes with USS in PDCCH (or/and USS in EPDCCH). It seems a reasonable approach because some UEs are not capable of recognizing the presence of PMCH or PRS. To support EPDCCH operation for those UEs, higher layer signaling needs to be defined for the indication of the subframe pattern. 
Proposal 1: UE monitors USS in legacy PDCCH for a set of subframes where EPDCCH transmission is limited.
Proposal 2: Set of subframes where UE monitors USS in PDCCH is configured by higher layer signaling.

2.3. Sub-spaces of USS in EPDCCH
EPDCCH USS can be divided into multiple smaller sub-spaces [3]. For example, EPDCCH USS can be divided into two sub-spaces per component carrier. Each sub-space can have independent configuration from the other, which means that despite the two sub-spaces are defined in a single subframe each sub-space can be configured with different EPDCCH attributes such as PRB sets, localized/distributed transmission, scrambling sequence of DM RS, CRS pattern and so on. While the search space is divided into two, it is desirable to keep the total number of blind decoding trial to the same level as before in order not to increase the UE implementation complexity and false alarm probability. This implies that the UE blind decoding capability is split into the sub-spaces.

Dividing EPDCCH USS into sub-spaces can bring benefit in many aspects. Firstly, each of the sub-spaces can be used with different CSI report type. For example, it is possible to configure localized and distributed EPDCCH for the two sub-spaces, respectively, and the eNB uses the distributed sub-space based on periodic wideband CSI report while the localized sub-space is used when aperiodic subband CSI is reported. Secondly, each of the sub-spaces can be associated with different transmission points, thereby enabling dynamic point selection for EPDCCH transmissions. For example, as shown in figure 1(a), TP1 can signal both of TP1’s and TP 2’s SS configurations to the UE in the middle. Each of which corresponds to its associated sub-space. On reception of multiple SS configurations, UE 2 can monitors each sub-space according to the associated EPDCCH attributes and eNB can dynamically select the EPDCCH transmission point for UE 2. Furthermore, this association between EPDCCH sub-space and transmission point enables smooth intra-cell mobility management in CoMP scenario 4: As illustrated in Figure 1(b), the eNB reconfigures only one of the sub-space when the UE moves far from a certain transmission point, and still EPDCCH transmission is possible by using another sub-space. If UE moves from region A to region B, UE can maintain monitoring SS configuration of TP 2 in its associated sub-space while the SS configuration of TP 1 is reconfigured to the new configuration of TP 3. Likewise, as UE moves from region B to region C, it can maintain SS configuration of TP 3 monitoring its associated sub-space while the SS configuration of TP2 is reconfigured to SS configuration of TP 4. In this particular case, two independent sub-spaces can facilitate the operation. Thirdly, dividing large bandwidth taken for distributed EPDCCH into smaller two sub-spaces makes more flexible resource usage in PDSCH multiplexing aspect. This is because the more PRB pairs used for distributed EPDCCH, the less chance of it to be used for PDSCH. Especially, for the cases where the control channel load is not as heavy as to fully utilize all the PRB pairs assigned for EPDCCH, it is more desirable to restrict distributed transmission of EPDCCH to smaller set of PRB pairs while allocating the remaining part of it to be used for PDSCH transmission. This EPDCCH resource adaption can be done simply by turning off a sub-space when the control channel load is low.
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Proposal 3: EPDCCH USS can be divided into two sub-spaces per component carrier. The EPDCCH attributes are independently configured for each sub-space.
3. Conclusion
We had a discussion on EPDCCH search space monitoring in this contribution and the following was proposed:
Proposal 1: UE monitors USS in legacy PDCCH for a set of subframes where EPDCCH transmission is limited.
Proposal 2:  Set of subframes where UE monitors USS in PDCCH is configured by higher layer signaling.

Proposal 3: EPDCCH USS can be divided into two sub-spaces per component carrier. The EPDCCH attributes are independently configured for each sub-space.
______________________________________________________________________
References

 [1] R1-123526, “Consideration on DCI mapping for EPDCCH”, LG Electronics.

[2] RAN1 chairman’s notes, RAN1#69.
[3] R1-122202, “ePDCCH search space design and configuration,” Panasonic.

































































































































PAGE  
3

