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1. Introduction
In RAN1 #69 meeting, WFs [1] [2] [3], which describe EPDCCH location determination, mapping PDSCH scheduled by EPDCCH and EPDCCH search space respectively, were submitted. In this contribution, we discuss several issues on the detection of EPDCCH PRB pairs, configuration of EPDCCH PRB pairs for search space and transport block size (TBS) determination of the data transmitted over PDSCH.
2. Discussion
According to the agreement [4] in RAN1 #68 meeting, multiplexing of PDSCH and EPDCCH within a PRB pair is not permitted. However, as it was already discussed in [5], there is an ambiguity in the interpretation of this agreement. In other words, when the resource allocation for PDSCH has coarser granularity than that of EPDCCH, it is still uncertain whether the UE should also interpret it as an invalid allocation for the remaining non-overlapping part. Considering the resource utilization efficiency and frequency selective transmission of EPDCCH, it is reasonable that PDSCH is mapped on PRB pairs which do not overlap with EPDCCH in assigned RBG (in resource allocation type 0) or assigned region (in resource allocation type 2); otherwise, the overall PDSCH resource utilization will be degraded and unnecessary scheduling restriction will occur on PDSCH and EPDCCH. This implies that a UE needs to know the “location of EPDCCH PRB pair(s)” for the proper reception of PDSCH.
From a single UE perspective, EPDCCH PRB pairs can be categorized as follows: PRB pairs containing the UE’s DL assignment, PRB pairs containing the UE’s UL grant, and PRB pairs containing the other UEs’ EPDCCH. It is obvious that, once the UE correctly detects its DL assignment, it already knows the first EPDCCH PRB pairs. So, no additional signaling or UE procedure is needed for the detection of the EPDCCH PRB pairs containing the UE’s DL assignment. On the other hand, the detection of EPDCCH PRB pairs corresponding to the last two cases (i.e., the UE’s UL grant, other UEs’ EPDCCH) requires additional signaling or UE procedure for a reliable detection. The reason is that if there is the misdetection of its own UL grant and/or other UEs’ EPDCCH, the UE will misunderstand PDSCH’s allocation areas and subsequently store the wrong bits in its own HARQ buffer, even though its own DL assignment is correctly detected in EPDCCH PRB pair(s). These errors cannot be recovered by retransmission of the PDSCH and bring a considerable loss from the viewpoint of DL throughput performance. The following two options have been proposed for a reliable detection of such EPDCCH PRB pairs.
Option #1 is that the eNB informs UE of the transmission locations of its own UL grant and/or other UEs’ EPDCCH by using some physical layer signaling, i.e., EPCFICH [6]. Even if Option #1 can be useful for detecting the above-mentioned control information, additional issues on EPCFICH still exist. First, as EPCFICH is expected to be monitored by multiple UEs, EPCFICH needs to be transmitted in a distributed manner, which implies that the application of EPCFICH to localized EPDCCH is difficult. Second, by the distributed nature of EPCFICH, it is not straightforward to multiplex localized and distributed EPDCCH together in a PRB pair under the assumption that EPCFICH is multiplexed with distributed EPDCCH. Third, the reliability of EPCFICH may not be guaranteed in the presence of other signals as the number of actually available REs for each EREG will change subframe-by-subframe. Finally, additional discussions are also required regarding how to define the frequency resources of EPCFICH (e.g., scales in relation to the system bandwidth).
Option #2 [1] is that the UE identifies the information about the transmission locations of its own UL grant and/or other UEs’ EPDCCH through the detection of DM-RS sequence. There also exist several issues in this option. First, if DM-RS sequences for control information and PDSCH are differently defined, the UE should execute channel estimation which is based on individual DM-RS sequence for decoding of actually transmitted control information or PDSCH. As a result, the complexity about the channel estimation of UE should increase. Second, the reliability of the DM-RS sequence detection is not clear and this may lead to serious problem in decoding PDSCH because any misdetection of DM-RS sequence will lead to HARQ buffer corruption which cannot be recovered by PDSCH retransmissions.

Above-mentioned methods (i.e., Option #1, Option #2) for a reliable detection of its own UL grant and/or other UEs’ EPDCCH have several issues to be studied. Therefore, considering the remaining timeframe for Rel-11 specification work, it is reasonable to consider only the first case, i.e., EPDCCH PRB pairs containing the UE’s DL assignment in this release. From this viewpoint, we suggest the PDSCH rate matching around the PRB pair(s) containing DL assignment. That is, when the allocated resource region for PDSCH is overlapped with DL assignment, UE shall assume that PDSCH is transmitted on PRB pairs which do not overlap with DL assignment in assigned RBG (in resource allocation type 0) or assigned region (in resource allocation type 2). Figure 1 in Appendix illustrates one example of such operation in resource allocation type 0. 
Proposal 1: When a UE detects its DL assignment defining a PDSCH allocation which overlaps with the PRB pair(s) containing its DL assignment, the UE shall assume that the PDSCH scheduled by its DL assignment is rate-matched around the PRB pair(s) containing its DL assignment in the rest of assigned resources. In addition, the UE shall assume that the PDSCH scheduled by its DL assignment is not mapped to that PRB pair(s) containing its DL assignment on any layer.
In addition, we can consider some future-proofness for the potential improvement of the EPDCCH PRB pair identification. For example, in order to allow room for EPCFICH that may be introduced in the future release, a few EREG/ECCEs may be reserved such that no EPDCCH is defined on them. We note that those reserved resources may be used for any other signals in future releases (e.g., EPHICH, common search space, …) and this is similar to the case of PDCCH which uses the resource remaining after PCFICH/PHICH definition. 

Proposal 2: Reserving a few EREGs/ECCEs can be considered for the channels that may be introduced in future releases.
The eNB can inform UE of the configuration of EPDCCH PRB pairs for search space through high-layer signaling. In this signaling, we need to consider the fact that the number of available REs per PRB pair changes according to the subframe configuration. In order to guarantee sufficient resources for EPDCCH search space configuration, it is desirable that the number of EPDCCH PRB pair (and possibly their location) which is required to compose the search space can be changed according to the subframe configuration. For example, the whole subframes can be divided into two sets, each of which has its own EPDCCH PRB pair configuration such that more EPDCCH PRB pairs can be configured to compose the search space in the set of subframes where more REs are occupied by other signals.
Proposal 3: Configuration of EPDCCH PRB pairs for search space should be indicated by high-layer signaling. In addition, the subframe-specific EPDCCH search space configuration is needed for considering the variance of number of required EPDCCH PRB pairs.
In determining the TBS of the data transmitted over PDSCH, it is reasonable that TBS is finally determined after considering the remaining PRB pairs by excluding the PRB pairs indicated by resource allocation (RA) bits but not used for PDSCH transmission (due to EPDCCH detection). For example, if the allocated resource region for PDSCH is overlapped with DL assignment, TBS is determined by accounting only the PRB pairs on which PDSCH is actually mapped.
Proposal 4: In determining the TBS of the data transmitted over PDSCH, it is reasonable that TBS is finally determined after considering the remaining PRB pairs by excluding the PRB pairs indicated by resource allocation bits but not used for PDSCH transmission (due to EPDCCH detection)
3. Conclusion
This document provides the discussion about several issues regarding the detection of EPDCCH PRB pairs, configuration of EPDCCH PRB pairs for search space and TBS determination of the data transmitted over PDSCH. Based on the discussion, the following proposals are made.

Proposal 1: When a UE detects its DL assignment defining a PDSCH allocation which overlaps with the PRB pair(s) containing its DL assignment, the UE shall assume that the PDSCH scheduled by its DL assignment is rate-matched around the PRB pair(s) containing its DL assignment in the rest of assigned resources. In addition, the UE shall assume that the PDSCH scheduled by its DL assignment is not mapped to that PRB pair(s) containing its DL assignment on any layer.
Proposal 2: Reserving a few EREGs/ECCEs can be considered for the channels that may be introduced in future releases.
Proposal 3: Configuration of EPDCCH PRB pairs for search space should be indicated by high-layer signaling. In addition, the subframe-specific EPDCCH search space configuration is needed for considering the variance of number of required EPDCCH PRB pairs.
Proposal 4: In determining the TBS of the data transmitted over PDSCH, it is reasonable that TBS is finally determined after considering the remaining PRB pairs by excluding the PRB pairs indicated by resource allocation bits but not used for PDSCH transmission (due to EPDCCH detection)
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Appendix: An example of PDSCH rate matching around the PRB pair(s) containing DL assignment
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Figure 1: An example of PDSCH rate matching around the PRB pair(s) containing DL assignment (in resource allocation type 0)
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