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1. Introduction

So far, we have discussed several issues about mapping for EPDCCH such as mapping in presence of other signals. Despite there are some agreements in the last meeting(RAN1 #70), some issues are still in progress. In this contribution, we provide our views on the remaining issues including handling of mapping of EPDCCH in presence of other signals.
2. Discussion
2.1. Mapping of EPDCCH in presence of other signals


It was agreed in the last meeting that EPDCCH is rate-matched around CRS and the region up to the PDSCH starting position, and there are several other signals to be considered in the EPDCCH mapping. The signals include PSS, SSS, PBCH, PMCH, PRS, and CSI-RS.
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Figure 1 DM-RS/PSS/SSS/PBCH allocation in center 6 RBs(FDD SF #0, TDD conf. 1 SF#1)

In the PRB pair containing PSS or SSS, a part of UE-specific RS collides with these signals as shown in Figure 1. Thus, in order to transmit EPDCCH in these PRB pairs, some modification is needed for the EPDCCH RS, for example, puncturing the RS REs in the receiver and perform the channel estimation with the remaining RS REs. This definitely causes additional UE implementation complexity and is not aligned with the current principle of the PDSCH transmission [1]:

For frame structure type 1,
· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe
For frame structure type 2,
· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of primary or secondary synchronisation signals in the same subframe;

Thus, for the UE implementation simplicity, we propose not to transmit EPDCCH in a PRB pair containing PSS or SSS. This means that EPDCCH is not transmitted in the center 6 RBs in subframes #0 and #5 in FDD and subframes #0, #1, #5, #6 in TDD. As PBCH is transmitted in subframe #0, the issue of PBCH can be treated together. In order to cope with the restriction of not transmitting EPDCCH in the center 6 RBs in some subframes, we can consider the following three options:
· Option 1: eNB configures EPDCCH in the RBs other than the center 6 RBs.
· Option 2: UE monitors PDCCH instead of EPDCCH in the problematic subframes.
· Option 3: Subframe-specific EPDCCH configuration is adopted such that EPDCCH is not configured in the center 6 RBs in the problematic subframes.


Option 1 is the most straightforward solution and operates well if there are enough available RBs. However, it has the limitation that it is not applicable to a narrowband system. Also, it has the drawback the center 6 RBs are never used for EPDCCH regardless of the channel condition on those RBs.

The second option is especially effective for a narrowband system. For the narrow band system, it is difficult to schedule the EPDCCH resource avoiding the RBs occupied by PSS/SSS/PBCH. Then, it is appropriate to use the legacy PDCCH for that subframe, and EPDCCH is still located in PDSCH region for the other subframes. 

The last option is to configure subframe specific EPDCCH PRB sets such that the center 6 RBs can be used for EPDCCH in the subframes having no problem while using the other RBs in the problematic subframes. In other words, the location of the configured EPDCCH PRBs changes based on a given subframe pattern. This feature is related to the discussion in [2] that the amount of PRBs configured for EPDCCH needs to be changed according to the number of available REs in a subframe. One simple way of implementing this feature is that eNB indicates by higher layer signaling multiple EPDCCH PRB sets along with the set of subframes in which each set is used for EPDCCH search space configuration. The flexibility of the resource setting for search space could be increased by this operation. 


PMCH and PRS also need to be considered in defining EPDCCH mapping. It is also difficult to transmit EPDCCH in a subframe containing PMCH or PRS transmission due to their high resource occupancy. One issue here is that some UEs are may not be capable of recognizing the presence of PMCH or PRS. Thus a TDM approach, i.e., monitoring PDCCH in some subframes, discussed in [3] needs to be introduced. We note that Option 2 mentioned above can be implemented in a common framework.

· Proposal 1: EPDCCH is not transmitted in a PRB pair containing PSS, SSS, PBCH, PMCH, or PRS. Some solutions are needed to cope with this restriction on EPDCCH transmissions.

A remaining issue is how to handle CSI-RS. As the UE knows the location of the configured CSI-RS resources, applying the coding chain rate-matching does not incur any problem. Thus, we propose to confirm the working assumption in [4] that coding-chain rate matching is used around the configured CSI-RS resources as was for the other signals like CRS.
· Proposal 2: It is proposed to confirm the working assumption that coding-chain rate matching is used around the configured CSI-RS resources.

2.2. EPDCCH starting symbol


Starting symbol of EPDCCH needs to be determined such that eNB and UE have the same understanding on it. One possibility is to use PCFICH, which means that EPDCCH starts at the OFDM symbol indicated by PCFICH. This option is beneficial in that the EPDCCH starting position can be determined dynamically when PCFICH detection is reliable. We note that this option is especially suitable for PCell where the EPDCCH configured UE monitored CSS in PDCCH which requires PCFICH detection first.


On the other hand, PCFICH detection may not be reliable in some cases. One typical scenario is CA-based HetNet illustrated in Figure 2. Here, two component carriers are defined on the frequency f1 and f2, each of which is configured as PCell in Macro eNB and pico eNB, respectively. In order to protect the CSS of pico eNB defined on f2, Macro eNB blanks PDCCH in its SCell thereby enabling a pico UE located in the “extended pico cell range” to read its CSS. In this case, the UE cannot detect PCFICH in its SCell reliably due to strong interference from MeNB PDCCH in f1, so some other solution is needed to identify the starting location of its EPDCCH in SCell which can be protected from inter-cell interference by applying frequency-domain ICIC. One simple way is to indicate the starting symbol by higher layer signaling similarly to the PDSCH starting symbol in cross-carrier scheduling. 


As each of the two options has its own benefit and use case, it is desirable to allow the configurability between the two options. For example, a UE can be configured to read PCFICH for the EPDCCH starting location in a component carrier while semi-static indication is provided via higher layer signaling for the EPDCCH starting location in another component carrier. In addition, it is also possible to use subframe-specific configuration for EPDCCH starting location indication via higher layer signaling because different PDCCH length (e.g., due to the difference in MBSFN and non-MBSFN subframes) can be applied to different subframes.
· Proposal 3: The position of EPDCCH starting symbol is indicated by PCFICH or higher layer signaling. eNB configures the indication method for each component carrier.
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Figure 2. An example of CA-based HetNet with EPDCCH and its frequency ICIC
2.3. EPDCCH-to-RE mapping


One issue to be considered in designing EPDCCH-to-RE mapping is how to solve the problem of ECCE starting position ambiguity which is illustrated in Figure 2. If the length of the transmitted DCI coincides with the length of ECCE(s), it is possible for a UE to misunderstand the starting ECCE and the aggregation level of the transmitted DCI. Aggregation 4 in the figure shows this ambiguity. This problem was solved by bit padding in PDCCH. However, this bit padding cannot be applied to EPDCCH straightforwardly because the size of ECCE is not fixed but variable depending on the subframe configuration. Two ECCEs in the same subframe may have different number of REs. Thus, differently from the PDCCH case, it is not practical to enumerate all the ambiguous cases in the specification.
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Figure 2. Legacy PDCCH-to-CCE mapping scheme

One way solving this problem is to permute the order of mapping the coded bits of the DCI to ECCE. Figure 3 explains such an example. To prevent such ambiguity, the coded bits in circular buffer are combined together according to the number of REs of the EPDCCH candidate and they are permutated before actual EPDCCH-to-ECCE mapping.
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Figure 3. An example of proposed EPDCCH-ECCE mapping scheme(e.g., Agg Lv=2)

The above-mentioned property can be easily implemented by mapping DCI to REs directly, i.e., not having a multi-stage mapping like DCI-to-ECCE-to-EREG-to-RE. If each ECCE is well-spread over the PRB pair, one RE allocated to an ECCE will find an RE allocated to another ECCE before the next RE allocated to itself. Thus, it will be enough to directly map DCI to REs in a sequential manner in order to spread consecutive modulation symbols over multiple ECCEs belonging to an EPDCCH candidate. Figure 4 illustrates an example of such mapping solution for a localized EPDCCH candidate with aggregation level 2. Here, we assume that the ECCE-to-EREG mapping follows the examples discussed in [5, 6]. We can observe that the DCI modulation symbols are alternately mapped to the two ECCEs simply by applying the frequency-first mapping. Once the ECCE starting position ambiguity is resolved by a proper RE mapping rule, the bit padding operation is not needed and can be omitted in the EPDCCH transmissions.
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Figure 4 An example of ECCE design and frequency-first mapping
· Proposal 4: To prevent the ambiguity of the starting ECCE location, the modulation symbols are mapped to the REs used by the EPDCCH candidate in the frequency-first order.
3. Conclusions


We discuss several remaining EPDCCH mapping issues regarding collision with other legacy signals, rate matching around CSI-RS, starting symbol indication, and RE-mapping method. The proposals are followings.
· Proposal 1: EPDCCH is not transmitted in a PRB pair containing PSS, SSS, PBCH, PMCH, or PRS. Some solutions are needed to cope with this restriction on EPDCCH transmissions.

· Proposal 2: It is proposed to confirm the working assumption that coding-chain rate matching is used around the configured CSI-RS resources.

· Proposal 3: The position of EPDCCH starting symbol is indicated by PCFICH or higher layer signaling. eNB configures the indication method for each component carrier.

· Proposal 4: To prevent the ambiguity of the starting ECCE location, the modulation symbols are mapped to the REs used by the EPDCCH candidate in the frequency-first order.
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