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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 was an e-mail discussion after RAN1 #72 meeting as a continuation. However, RAN1 still cannot reach the consensus for the EPDCCH reception behavior in the case and agreed to revisit at RAN1 #72bis [2].
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
Collision between EPDCCH and PRS
So far, the CP length for PDSCH reception has been defined as the same as the subframe #0 so that a UE doesn’t require to demodulate PDSCH with different CP length from a subframe to another. From the summary of offline discussions and also e-mail discussions, it seems that companies have at least reached a consensus that the same CP length as subframe #0 is always assumed for EPDCCH reception as well. Given that a UE is capable for PRS and the same CP length in subframe #0 is always used for EPDCCH reception, the following alternatives could be considered in the discussion:
· Alt-1: A UE behavior is unspecified for PRS subframe
· Alt-2: A UE is allowed to skip monitoring an EPDCCH candidate if the EPDCCH candidate is located in the PRB pair containing PRS
· Alt-3: A UE is allowed to skip monitoring an EPDCCH candidate if any of the associated antenna ports for the EPDCCH candidate collides with PRS

· Alt-4: A UE is allowed to skip monitoring all EPDCCH candidates if the subframe contains PRS

· Alt-5: A UE falls back to PDCCH for USS if the subframe contains PRS

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. Therefore, it seems beneficial for a UE to skip monitoring EPDCCH candidate if its an associated antenna port collides with PRS (i.e. Alt-3). However, this may result in ambiguity issue at eNB scheduler since an eNB may not know which UE is capable of PRS reception. This issue has been raised during the discussion such that the PRS capability is unknown at eNB since the positioning by a UE is controlled by the E-SMLC and communication between the UE and E-SMLC is point-to-point and transparent to the eNB. The UE communicates with the E-SMLC using the LPP protocol over the control plane or the data plane and this communication is encapsulated in signaling or data between eNB and the UE. Keeping this in mind, the Alt-5 (i.e. fallback to PDCCH for USS) may not be efficient and increase ambiguity at the eNB scheduler for a given EPDCCH reception behavior in the PRB-pair containing PRS. Therefore, Alt-3 and Alt-5 seems to be inappropriate as it requires the knowledge of UE positioning capability at the eNB scheduler.

Observation 1: Alt-3 and Alt-5 requires the knowledge of UE positioning capability at the eNB scheduler.

The PRS may be transmitted in either wideband or subband and if the wideband PRS is used a UE will not have a chance to receive EPDCCH in the subframe which may be considered as the same behavior with the extended CP based PRS case, resulting in waste of uplink subframe in n+4 and saving UE battery by skipping EPDCCH monitoring. However, if PRS is transmitted in subband, the EPDCCH candidates located in different PRB-pair not overlapping with the PRB-pairs containing PRS should be monitored in order to minimize the uplink subframe waste.

Observation 2: it is still beneficial to allow skipping monitoring EPDCCH candidate located in the same PRB-pair containing PRS in terms of UE battery saving and it may also increase the chance to minimize the uplink subframe waste in n+4 if the PRS is transmitted in a subband.
From the observations, the Alt-2 seems to be most appropriate UE behavior which can reduce unnecessary UE battery consumptions and waste of uplink subframe while avoid any ambiguity of UE behavior interpretation at eNB scheduler for the EPDCCH reception in the subframe PRS transmitted.
Proposal: Alt-2 (i.e. A UE is allowed to skip monitoring an EPDCCH candidate if the EPDCCH candidate is located in the PRB pair containing PRS) is agreed as a UE behavior for EPDCCH reception.
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: Alt-2 (i.e. A UE is allowed to skip monitoring an EPDCCH candidate if the EPDCCH candidate is located in the PRB pair containing PRS) is agreed as a UE behavior for EPDCCH reception.
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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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. 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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where
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is defined below, 


[image: image13.wmf]0,,1

iL

=-

L



[image: image14.wmf]CI

n

b

=

 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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