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1. Introduction

The offline discussions in previous RAN1 meetings on EPDCCH monitoring in PRS subframe were narrowed down to following viewpoints [1]:

· 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 fulfil 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. 
· For same CP case
· 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. 
· Alt 3: UE is not required to monitor EPDCCH in the subframe with PRS transmission configured.
· 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 contribution gives our view on EPDCCH monitoring in PRS subframe, and raises one issue of ambiguity between eNB and UE regarding to whether UE indeed monitors EPDCCH.  
2. EPDCCH monitoring in PRS subframe
1) mixed-CP case
LTE Rel-9 specifies that UE shall decode PDSCH except the CP is different between PDSCH region and subframe #0. In other words, UE is not required to decode PDSCH if PDSCH region is known to have different CP from subframe #0. This limitation comes from the fact that UE is not mandated to process two different CPs at the same time. Following this design philosophy, it is natural not to require UE to monitor EPDCCH in PDSCH region whose CP length is known to be different from CP in subframe #0.

Proposal-1: UE is not required to monitor EPDCCH in PRS subframe whose CP length is not the same as in subframe #0.

2) same-CP case

The differences between Alt 2/3 and Alt 4 include:  

· Alt 2 and Alt 3 build the dependency between the UE behaviour on EPDCCH monitoring and UE’s knowledge of PRS transmission. In fact, EPDCCH monitoring is de-prioritized in PRS subframe. As shown in section 3, the dependency on UE’s knowledge of PRS transmission could introduce ambiguity between eNB and UE regarding to EPDCCH monitoring and consequently make UE intentionally drop EPDCCH sent by eNB. In contrast, Alt 4 keeps EPDCCH monitoring and PRS reception independent to each other, and therefore leaves more freedom of control to the network and meanwhile does not introduce ambiguity by protocol. It should be noted that, 
· The current LTE specification does not define any dependency between PDSCH decoding and PRS reception in the same CP case. 
· Even with Alt 2 or Alt 3, certain type of UE, i.e. non-PRS capable UE or PRS capable UE not in the OTDOA positioning session, still behaves as Alt 4 specifies --- to monitor EPDCCH in the subframe where PRS is transmitted. 
· Comparing to Alt 2 and Alt 3, Alt 4 leaves more chances for UE to monitor EPDCCH in following cases:

· EPDCCH and PRS are transmitted on different frequency carriers by the same or different TPs, where the adjacent-channel interference between PRS and EPDCCH is negligible due to frequency spacing. 

· EPDCCH and PRS are transmitted on the same frequency carrier by TPs in different geographic locations, where the co-channel interference from PRS to EPDCCH is not strong enough to damage EPDCCH reception due to large aggregation level of EPDCCH and/or large pathloss bias between PRS and EPDCCH, which can be more easily to happen when EPDCCH is sent in small cell while PRS is sent in macro cell.
The DCI in USS can reach UE in the above two cases with Alt-4, but not with Alt 2 or Alt3, because UE drops EPDCCH and meanwhile does not turn to monitor legacy PDCCH.      
· Per UE implementation, Alt-2 and Al-3 never requires UE to receive both EPDCCH and PRS in the same PRB pair; while Alt-4 requires UE’s hardware/software implementation should at least be able to support simultaneous reception of EPDCCH and PRS in the same PRB pair, even though the UE can choose, as a run-time decision, whether to receive PRS in a particular instance. 
Our current preference for the same CP case is Alt-4, because Alt-4 follows the same protocol logic as in existing specification for PDSCH decoding in PRS subframe, and meanwhile avoids loss of EPDCCH that is caused by design itself. 
Proposal-2: UE shall monitor EPDCCH as configured in PRS subframe whose CP length is the same as in subframe #0. UE’s attempt on PRS measurement is independent from EPDCCH monitoring in this case. 
3. Potential ambiguity between eNB and UE

The OTDOA based positioning mechanism in LTE owns some special characteristics: 
· The E-SMLC (Enhanced Serving Mobile Location Centre) configures UE with PRS information through LPP (LTE Positioning Protocol) [2], which is transparent to eNB. So eNB sending EPDCCH is not aware of UE’s “exact” knowledge of PRS signal. 

· The communication between eNB and E-SMLC is supported by LPPa (LTE Positioning Protocol Annex) [3], which does not allow eNB to query E-SMLC for the information of PRS transmitted by other transmitters in the surrounding area (see detail in Appendix). Meanwhile, it is also not sufficiently robust to rely on vendor-specific eNB-eNB communication to propagate all PRS transmissions in the local area, because eNBs may be provided by different vendors, and one certain PRS transmitter might not even be a normal eNB at all. At last, the OAM co-ordination among eNBs can be used to determine the PRS transmission parameters used by eNBs, but such OAM co-ordination does not guarantee to make every eNB (regardless eNB types and OTDOA capabilities) know all the PRS transmission in local area. In short, eNB sending EPDCCH is not guaranteed to be aware of UE’s “potential” knowledge of PRS signal.  
Given eNB’s uncertainty of UE behaviour on PRS reception, the eNB and UE can be out of sync regarding to EPDCCH monitoring. 

· For the mixed CP case and the same CP case with Alt 2 or Alt 3, eNB sending EPDCCH to the UE may not know the target UE is configured to monitor the PRS sent by another eNB in the same subframe. So the EPDCCH sent to UE is lost without UE’s attention.  
· For the same CP case with Alt 4, even though the UE monitors EPDCCH as configured so that there is no by-design loss of EPDCCH, concerns are raised for the impact of interference from PRS to EPDCCH, for example, in case PRS and EPDCCH are transmitted in co-channel and respectively from nearby sites.  
The PRS transmission cycle is chosen from TPRS={160,320,640,1280}ms, and in each cycle PRS signal may occur in NPRS={1,2,4,6} contiguous DL subframes [2]. Assume Pe as the average EPDCCH BLER under noisy fading channel in non-PRS subframe, and 
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 as the EPDCCH loss rate in PRS subframe, then the overall effective EPDCCH loss rate is 
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 can be as large as 1 for mixed CP case and for the same CP case with Alt 2 or Alt 3. It can be shown that, given 
[image: image4.wmf]e

P

¢

=1,
· Some combinations of <TPRS, NPRS >, such as <160, {2,4,6}> and <320,{4,6}> already push the EPDCCH loss rate larger than 1% regardless SNR on EPDCCH;

· Some of rest combinations of <TPRS, NPRS >, such as <160,1>, <320,2> and <640, {4,6}> make the EPDCCH loss rate no smaller than 0.6%+Pe, which requires much higher SNR to lower Pe so that the overall EPDCCH loss rate target is maintained. Consequently the EPDCCH would become much less energy efficient than legacy PDCCH. 

Higher EPDCCH loss rate not only impacts the throughput of PDSCH/PUSCH, more importantly, it also causes large system resource waste on uplink. If the uplink scheduling grant is lost in a PRS subframe, the UE not only misses the initial PUSCH transmission, but also does not response the consequent NACK on PHICH. The non-adaptive UL HARQ supports number of re-transmissions from {1~8, 10, 12, 16, 20, 24, 28}, with 5 as default value [4]. It can be seen that, if every PRS subframe can cause uplink scheduling grant loss with probability equal to 1, the system would observe a very high percentage of uplink subframes in which eNB schedules resource for nothing.  
Observation: eNB sending EPDCCH may not know either the exact knowledge or potential knowledge that UE may possess for PRS reception. This ambiguity can lead to following consequences in certain PRS configurations:

· higher EPDCCH loss probability that is no way less than 1%;

· more power on EPDCH than on PDCCH for the same DCI and same channel condition;
· large percentage of UL resource to be wasted for nothing.
In order to avoid the EPDCCH performance loss caused by misunderstanding between eNB and UE regarding to EPDCCH monitoring in PRS subframe, either of following two conditions should be met:
· Condition-1: eNB needs to know the “exact” PRS configuration information on target UE side, so as to avoid scheduling EPDCCH in those configured PRS subframes; or

· Condition-2: eNB needs to know all “potential” PRS configurations that may be sent to any served UE, so as to avoid scheduling EPDCCH in any of those possibly configured subframes. 
Condition-1 requires corresponding RRC signalling to be defined to carry report of PRS configuration information from UE to eNB. Condition-2 can be fulfilled by either new signalling between eNB and other network nodes, such as E-SMLC, MME or other eNBs.    

Proposal-3: If proved necessary, send LS to other WG(s) to seek solution in Rel-12 to solve the ambiguity between eNB and UE regarding to EPDCCH monitoring in PRS subframe. 
4. Conclusions
As for EPDCCH monitoring in PRS subframe, this contribution proposes that:
Proposal-1: UE is not required to monitor EPDCCH in PRS subframe whose CP length is not the same as in subframe #0.
Proposal-2: UE shall monitor EPDCCH as configured in PRS subframe whose CP length is the same as in subframe #0. UE’s attempt on PRS measurement is independent from EPDCCH monitoring in this case.

This contribution also identifies one issue and brings up proposal for solution. 
Observation: eNB sending EPDCCH may not know either the exact knowledge or potential knowledge that UE may possess for PRS reception. This ambiguity can lead to following consequences in certain PRS configurations:

· higher EPDCCH loss probability that is no way less than 1%;

· more power on EPDCH than on PDCCH for the same DCI and same channel condition;

· large percentage of UL resource to be wasted for nothing.
Proposal-3: If proved necessary, send LS to other WG(s) to seek solution in Rel-12 to solve the ambiguity between eNB and UE regarding to EPDCCH monitoring in PRS subframe.
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Appendix.  LPPa communication between eNB and E-SMLC for OTDOA information
According to [3]:
The purpose of the OTDOA Information Exchange procedure is to allow the E-SMLC to request the eNB to transfer OTDOA information to the E-SMLC.
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Figure 8.2.5.2-1 in [3]: OTDOA Information Exchange procedure, successful operation

The E-SMLC initiates the procedure by sending an OTDOA INFORMATION REQUEST message. The eNB responds with OTDOA INFORMATION RESPONSE message that contains OTDOA information related to the relevant cells.
Therefore, the OTDOA information exchange procedure in LPPa does not support the eNB to initiate the request to query information of PRS not sent by itself. 
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