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1
Introduction
In [1], the offline discussion on the collision handling between EPDCCH and PRS has been summarized to clarify a UE behavior if a UE is configured with EPDCCH reception in the same subframe containing PRS. Also, there were an e-mail discussion after RAN1 #72 meeting as a continuation and way forward [2] in RAN1 #72bis. However, RAN1 still cannot reach the consensus for the EPDCCH reception behavior in the case and agreed to revisit at RAN1 #73 [3].
Therefore, in this contribution, we discuss on the UE behavior in the case that EPDCCH needs to be monitored in the same subframe containing PRS and propose text proposal for the corrections.

2
Discussions
The followings have been proposed at RAN1 #72bis as a way forward for the UE behavior when PRS and EPDCCH are overlapped each other [2]:

· The requirement on OTDOA positioning accuracy for PRS/EPDCCH capable UE is same as for the PRS capable only UE if the network operates PRS as configured. The network is not prevented from transmitting EPDCCH in PRS configured resources but UE is not required to take additional enhancement to fulfill the OTDOA positioning performance and EPDCCH performance in this case.

· For mixed CP case

· UE is not required to monitor EPDCCH in the subframe configured with PRS transmission if the PRS and EPDCCH to be monitored have different CP lengths. 
· This means to prioritize the reception of PRS by UE

· For same CP case: FFS among following options. To be decided in RAN1#73.

· Alt 2: UE is not required to monitor EPDCCH candidate overlapping with the PRB pair containing PRS. Meanwhile, the UE monitors EPDCCH candidate which is not overlapped with PRB pair containing PRS. 
· This means to prioritize the reception of PRS in overlapped PRB pairs by UE.

· Alt 3: UE is not required to monitor EPDCCH in the subframe with PRS transmission configured.
· This means to prioritize the reception of PRS in the overlapped subframe by UE.

· Alt 4: UE monitors EPDCCH as configured regardless of PRB pair overlapping with PRS, and the UE operation on PRS reception is not changed by EPDCCH monitoring.

· This means 
·  Per UE operation wise, UE may prepare the reception of both EPDCCH and PRS in the overlapped resources.
·  Per UE implementation wise, UE is required to support the reception of both EPDCCH and PRS in the overlapped resources.
As proposed in the way forward, it seems to be appropriate for a UE not to monitor EPDCCH in the subframe containing PRS with different CP length and keeping the same philosophy with PDSCH such that a UE monitor EPDCCH in a subframe if the CP length for the subframe is the same as that of the subframe #0.
Proposal-1: For mixed CP case, UE is not required to monitor EPDCCH in the subframe configured with PRS transmission if the PRS and EPDCCH to be monitored have different CP length.

As for the same CP case, there are still alternatives in the way forward as shown above. The EPDCCH reception capability when PRS is located in the same PRB pair has been discussed as some of PRS collide with DM-RS according to v-shift value as shown in the figure 1. 
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Figure 1. Collision between DM-RS and PRS (
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Assuming that the PRS has a higher priority, the EPDCCH DM-RS colliding with PRS will be punctured out, resulting in increased channel estimation complexity with performance degradation. In addition, the REs nearby PRS has high possibility to be punctured out for PRS power boosting which implies that the number of available RE for EPDCCH transmission will be much smaller even though EPDCCH DM-RS is not collided with PRS. Therefore, we believe that it is not efficient to schedule PRS and EPDCCH in the same PRB-pair as it will make worse for both channels.

Observation: it should be assumed that PRS and EPDCCH are not transmitted in the same PRB-pair. 
The Alt-4 allows more scheduling flexibility at eNB transmitter as the eNB may choose either PRS or EPDCCH for the overlapping PRB-pairs in the subframes configured for PRS transmission assuming that both are not transmitted at a same PRB-pair while it doesn’t require additional UE implementation complexity as the UE is not required for additional enhancement for the reception of PRS and EPDCCH in the overlapping case which implies that eNB needs to avoid transmitting PRS and EPDCCH in the same PRB-pair. Since UE capability for PRS is unknown at eNB scheduler, this alternative provides benefit only for the case that EPDCCH is transmitted instead of PRS for the overlapping PRBs if wideband PRS configured so that an eNB may transmit EPDCCH in the PRS subframe. However, it may mess up PRS measurement accuracy for all UE supporting positioning without EPDCCH capability including legacy UEs. Given that the PRS duty cycle is relatively long and it is unknown to eNB that how many UEs are enjoying positioning service, it is still unclear whether there is any case that eNB transmits EPDCCH instead of PRS.
On the Alt-2 and 3, both alternatives may allow UE to skip monitoring EPDCCH in the subframe containing PRS so that a UE capable for both EPDCCH and PRS may avoid unnecessary EPDCCH decoding assuming that the PRS has always higher priority than EPDCCH as similar to the collision between PBCH/PSS/SSS and EPDCCH. However, Alt-3 goes to a little bit extreme even though EPDCCH still can be transmitted without any collision since a subset of PRB-pairs in the center bandwidth may be only used for PRS transmission while other PRBs are used for PDSCH and EPDCCH. 
Assuming that there is no case that PRS and EPDCCH are transmitted at the same PRB-pair and the benefit of transmitting EPDCCH instead of PRS in the overlapped PRB is unclear, it seems to be appropriate to have a similar UE behavior of the collision between EPDCCH and PBCH/PSS/SSS for the collision of PRS and EPDCCH so that a UE may simply avoid monitoring EPDCCH candidate which is located in the PRS PRB-pair.
Proposal: adopt Alt-2 as a UE behavior for the case that EPDCCH resources are overlapped with PRS resources. 
3
Conclusions
In this contribution, we discussed on the alternatives of the UE behavior for the EPDCCH reception in the subframe containing PRS. From the discussions, we propose following:
Proposal: adopt Alt-2 as a UE behavior for the case that EPDCCH resources are overlapped with PRS resources. 
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9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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 of subframe 
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. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.
The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 

The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3].

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].

· In subframes indicated by higher layers to decode PMCH.

· For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell, in a downlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.

An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates. 

For an EPDCCH-PRB-set 
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, the ECCEs corresponding to EPDCCH candidate m of the search space 
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is defined below, 
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 if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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 is the carrier indicator field value,
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
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 as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b below.

Note that the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor all EPDCCH candidates in a subframe if the CP length of the subframe is different from that of subframe #0.

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 or PRS in the same subframe.

A UE is not expected to monitor a EPDCCH candidate, if the UE is configured with two EPDCCH-PRB-sets, and if the PRB-pairs corresponding to the EPDCCH-PRB-sets overlap, and if both the EPDCCH-PRB-sets are configured for either localised transmission or distributed transmission, and if all the ECCEs corresponding to the EPDCCH candidate are mapped to the overlapping PRB-pairs, and if the UE is configured with the same 
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defined in section 6.10.3A.1 in [3]).

The variable 
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 is the slot number within a radio frame. The RNTI value used for 
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 is defined in section 7.1 in downlink and section 8 in uplink. The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Section 7.1.
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