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1
Introduction
In Rel-11, DM-RS based EPDCCH is supported. In particular, EPDCCH may collide with PSS/SSS/PBCH in the center 6 RBs when PSS/SSS/EPDCCH is transmitted. However, the current specification is unclear regarding how to handle the collision.
2
Discussion
In Rel-11, DM-RS based EPDCCH is supported. Each UE may be configured to monitor EPDCCH in the UE-specific search space in a set of subframes. Among the set of decoding candidates that the UE monitors for EPDCCH decoding, some of them may collide with PSS/SSS/PBCH in the center 6 RBs in subframes when PSS/SSS/PBCH is transmitted. In particular, the collision may be such that some of the DM-RS REs for EPDCCH collide with the REs for PSS/SSS. To address this issue, the following is currently specified in 36.211 and in 36.213, respectively:
· In 36.211, Section 6.8A.5 [1]:
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 on the associated antenna port which meet all of the following criteria: 

-

they are not part of a physical resource-block pair used for transmission of PBCH or synchronization signals, and 

· In 36.213, Section 9.1.4 [2]:
A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.

There are two possible interpretations based on the above specifications:
· Alt 1: an EPDCCH candidate is deemed as an invalid decoding candidate if any ECCE of the EPDCCH candidate has its “nominal” REs mapped to a PRB pair occupied by PSS/SSS/PBCH
· The nominal REs (vs. available REs) are the REs associated with the ECCE, regardless of whether some nominal REs are available for the EPDCCH transmission or not.

· In other words, as long as there is at least one “nominal” RE of an EPDCCH candidate is located in an PRB pair occupied by PSS/SSS/PBCH, the EPDCCH candidate is omitted from monitoring by the UE completely

· Alt 2: an EPDCCH candidate is still deemed as a valid decoding candidate even if some nominal REs of the EPDCCH are mapped to a PRB pair occupied by PSS/SSS/PBCH, unless all nominal REs are mapped to PRB pair(s) occupied by PSS/SSS/PBCH. In this case, EPDCCH is only mapped to those REs not mapped to any PRB pair occupied by PSS/SSS/PBCH.
· One example is shown in the figure below. Here an EPDCCH decoding candidate is defined based on 4 PRB pairs, where one of the PRB pairs collides with PSS/SSS/PBCH. In this case, the EPDCCH decoding candidate is still treated as a valid decoding candidate, and resource mapping for the EPDCCH is done by omitting the REs in the PRB pair overlapped with PSS/SSS/PBCH.
· This effectively creates EPDCCH aggregation levels not necessarily in the set {1, 2, 4, 8, 16, 32}. As an example, if a level 4 EPDCCH candidate of distributed EPDCCH has one of the 4 PRB pairs colliding with PSS/SSS/PBCH PRB pairs, the level 4 EPDCCH candidate can only rely on the remaining 3 PRB pairs for transmission, effectively becoming a level 3 decoding candidate.
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Figure 1 Illustration of Alt 2, where an EPDCCH candidate with some nominal REs colliding with PSS/SSS/PBCH PRB pairs is still treated as a valid candidate, by ignoring the EPDCCH PRB(s) overlapped with PSS/SSS/PBCH PRB pairs
Alt 1 is simpler concept-wise, and it maintains the nominal set of aggregation levels (1/2/4/8/16/32) as originally defined for EPDCCH. Alt 2 provides more flexibility in EPDCCH management since an EPDCCH candidate is still useful even if it partially collides with PSS/SSS/PBCH PRB pairs. Note that, from UE implementation perspective, Alt 2 does not cause additional complexity since the UE does not need to process any information in the center 6 PRB pairs where PSS/SSS/PBCH is transmitted, and channel estimation for EPDCCH is done on a per PRB pair basis.
It is recommended that RAN1 should discuss these two alternatives and conclude which alternative is the intended UE behavior. If Alt 1 is concluded, the sentence in 36.211 can be removed, since an EPDCCH candidate is deemed as invalid as long as some of its nominal REs colliding with PSS/SSS/PBCH pairs and consequently, there is no need for EPDCCH to rate match around PSS/SSS/PBCH PRB pairs as specified in [1]. Similarly, if Alt 2 is concluded, the sentence in 36.213 can be removed, since an EPDCCH candidate is treated as a valid candidate even it partially overlaps with PSS/SSS/PRB pairs.
3
Conclusions 

In this contribution, we discussed one issue regarding EPDCCH validity when some of its nominal REs collide with PSS/SSS/PBCH pairs. Two alternative interpretations were presented, namely:
· Alt 1: An EPDCCH decoding candidate is deemed as invalid as long as some of its nominal REs collide with PSS/SSS/PBCH PRB pairs
· Alt 2: An EPDCCH decoding candidate is still deemed as valid if some of its nominal REs collide with PSS/SSS/PBCH PRB pairs. In this case, EPDCCH is only mapped to the PRB pair(s) not overlapped with PSS/SSS/PBCH PRB pairs.
It is recommended that RAN1 should discuss and conclude the intended UE behavior. Based on the concluded UE behavior, current text in 36.211 or 36.213 can be clarified.
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