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1
Introduction

In RAN1#69, it was agreed that coding chain rate-matching is used for the ePDCCH UE-SS for the CRS, the new antenna port on the NCT, the region up to the PDSCH starting position and for PBCH/PSS/SSS (if ePDCCH transmission in these PRB pairs is supported). The use of coding chain rate-matching for ePDCCH around the ZP and NZP CSI-RS configured for the UE receiving ePDCCH is a working assumption.
Regarding ePDCCH and PRS, it was left FFS in RAN1#69 whether anything needs to be specified in relation to PRS.
In this contribution, we provide our recommendation on ePDCCH operation in subframes containing PRS.

2
Background
In support of R9 OTDOA, some LTE cells may be transmitting a PRS measurement occasion in 1, 2, 4 or 6 consecutive subframes. The periodicity of these recurring PRS measurement occasions is every 16, 32, 64 or 128 frames. The signaled PRS configuration index allows a UE to determine the PRS periodicity and PRS starting subframe offset.

When PRS is transmitted in a given subframe, it can occupy either full or only partial bandwidth. The allowed BW values are 6, 15, 25, 50, 75, and 100 RBs. When PRS occupies partial BW only, the RBs occupied by PRS are always in the center of the LTE carrier.
In R9 the PRS RE locations and patterns were selected such that they won’t collide with OFDM symbols carrying CRS and PDCCH. The actual location of the PRS RE’s is determined as a function of the PCI similar to the CRS.
The PRS measurement occasions can be muted periodically in a cell. The PRS muting configuration is defined by a periodic muting sequence with possible periodicities of 2, 4, 8, or 16 PRS positioning occasions. When a PRS measurement occasion is muted, PRS is not transmitted in any of the 
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 subframes of that occasion in that cell.

In subframes allocated to PRS measurement occasions, RB’s within the configured PRS transmission BW may coincide with RB’s also intended for ePDCCH transmission. If an RB pair carrying PRS also contained ePDCCH, the PRS would then collide with the DM-RS of the ePDCCH transmission as a function of the PCI (Figure 1).
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Figure 1: Example of PRS arrangement and collision case with DM-RS for vshift=0
3
Discussion
The most important question to consider is whether it would actually be meaningful to support ePDCCH transmissions in subframes configured as PRS measurement occasions.
For R9 OTDOA, the UE receives signals from a reference cell and several neighbor cells, measures the observed time differences of arrival (RSTD) of these signals and reports these back to the network. Knowing the locations of the cells, fixed timing differences among them, and other information, the network can derive the UE position by triangulation (typically assuming there are at least 3 cells measured that can be measured reliably) and/or other proprietary methods. RSTD needs to be measured on a known signal. For LTE, the UE may use CRS for these measurements or, for a cell that also transmits PRS, the UE may use the PRS. The UE may receive additional assistance data, such as information regarding the cells or signals to be measured, which may be referred to as assistance data. Support of OTDOA by a UE is optional and the use of CRS or PRS for a given cell is a UE implementation decision.
The primary reason for the introduction of the R9 PRS is that they offer a significantly improved DL geometry than achievable with the R8 CRS for the RSTD measurements done by UE’s. The PRS in the designated PRS measurement subframes were specifically designed to both maximize available energy per RE and to reduce the interference on these RE’s from neighbor cells using orthogonalized resources. PRS RE’s are carried on 8 OFDM symbols per subframe resulting in 16 RE’s per RB pair. PRS always achieve a re-use factor of 6, while the CRS would allow for a re-use of 3 only in case 2 or more antenna ports are present. The available DL SINR to measure the 2nd and 3rd cells is often improved by 10-15dB with PRS when compared to measurements done on the CRS. PDSCH would typically not be transmitted on RB’s containing the PRS. In order to fully benefit from the reduced neighbor cell interference, PRS carrying subframes need to be fully time-aligned between cells, i.e. the synchronized case. But even for the not fully synchronized case, significant improvements in DL geometry can still be observed given that the PRS patterns maximize available energy per RE in the transmitting cell.

In this sense, supporting R11 ePDCCH based on the assumption that both PRS and ePDCCH can be simultaneously transmitted on the same RB(s) is contrary to the design premises underlying PRS.
Observation 1
PRS are designed to maximize the available energy per RE and to reduce inter-cell interference in order to significantly improve achievable DL geometry for the RSTD measurements. PDSCH would typically not be transmitted on RB’s containing PRS.
It could be reasoned that if ePDCCH and/or PDSCH are simultaneously transmitted in subframes allocated as PRS measurement occasion, the expected UE measurement performance will degrade gracefully.

For typical PRS configurations such as 50 RB’s PRS measurement BW, the presence of a few RB’s carrying ePDCCH and accompanying PDSCH may not immediately translate into a greatly decreased location accuracy. For smaller PRS measurement BW’s such as 25 or 15 RB’s, the use of multiple subframes per PRS measurement occasion typically becomes necessary to allow for accumulation in order to offset for the very significant impact of UE timing estimation errors onto OTDOA performance. Here the impacts onto measurement accuracy due to the presence of ePDCCH and/or PDSCH may be expected to become more severe.
Similar to previous Releases, eNB operation should not be artificially constrainted by specification imposed limitations. It is desirable that the possible choice to transmit ePDCCH and/or PDSCH in subframes configured as PRS measurement occasion should remain open to eNB implementation.

Observation 2
It is desirable to leave the possibility for simultaneous transmissions of ePDCCH/PDSCH in PRS measurement subframes as eNB implementation choice.
Supporting the possibility for simultaneous transmission of ePDCCH/PDSCH in PRS measurement subframes must not be confused with the question whether support for either ePDCCH rate-matching and RE mapping is necessary in R11 specifications.

Two cases need to be distinguished,

(1) ePDCCH/PDSCH is transmitted using RB’s not part of the configured PRS measurement BW in a subframe

(2) ePDCCH is simultaneously transmitted on RB’s also containing PRS.

For the first case, ePDCCH/PDSCH transmitted in RB’s not part of the PRS measurement BW in a subframe, no immediate issue with respect to PRS/DMRS collisions exists. Similarly, there is no need for rate-matching/puncturing considerations given that PRS are not present by assumption on such RB’s. For ePDCCH mapping with localized transmission, an eCCE is transmitted in one PRB pair.
One possible complication may arise out of the ePDCCH mapping with distributed transmission. Here, an eCCE groups eREG’s located in multiple PRB pairs. The UE-SS for a UE decoding ePDCCH could require decoding of monitored ePDCCH PRB pairs falling within the configured PRS measurement BW.
Observation 3
Supporting ePDCCH transmissions in RB’s not part of the PRS measurement BW in a subframe comes at little, if any, cost. Details of UE SS design, eREG to eCCE mapping and UE decoding assumptions for the ePDCCH with distributed transmission may need to be looked at once more decisions have been made in RAN1.
For the second case. ePDCCH and PRS are both transmitted in the same RB, significantly more complications arise.
PRS and DM-RS collisions such as illustrated in Figure 1 occur for most PCID’s (ex: vshift=0), but not for all PCID’s. The number of affected antenna ports will depend on the particular vshift value. ePDCCH channel estimation performance can be expected to be unevenly impacted. Moreover, this would depend on the yet to be decided details of localized vs. distributed transmission and the details of the AP-eREG association.
Consideration should be given to the fact that the presence of 16 RE’s carrying PRS in a PRB pair would yet again reduce the amount of RE’s available for ePDCCH if coding chain rate-matching was adopted for PRS similar to the (12) 24 DM-RS. As a mimimum, this would result in yet another complicated constellation to account for in terms of eREG mapping cases and the number of supported eCCE’s in an ePDCCH PRB pair.
Observation 4
Supporting ePDCCH transmissions in RB’s also carrying PRS results in a very significant amount of specification effort and complexity if coding chain rate-matching, eREG mapping, and PCID dependencies are considered.
The typical duty cycle of PRS carrying subframes is low, i.e. order of 2-3% when assuming typical 10 MHz carrier BW and PRS measurement occasions configured with periodicities of 64 frames.
In consequence, the amount of required effort to introduce specification support to simultaneously transmit ePDCCH and PRS in the same RB doesn’t not appear warranted. Allowing for the possibility to transmit ePDCCH/PDSCH on RB’s not part of the configured PRS measurement BW in a subframe carrying PRS comes at little, if any at all, cost.
While it can be specified that R11 UE’s supporting ePDCCH are not required to decode against presence of ePDCCH in RB’s inside the PRS measurement BW of PRS measurement occasions, this would preclude future eNB implementations. We think that this case, if needed in practice, can be handled through puncturing and proper handling of AP-eREG associations by the eNB.

Proposal 1:

No specification support is introduced for simultaneous transmission of ePDCCH and PRS in the same PRB.
ePDCCH operation in subframes carrying PRS must be considered from the perspective of impacts onto DL PDSCH scheduling and UE UL PUSCH re-transmission behavior when ePDCCH is not available for transmission in PRS subframes. This case may be expected to occur quite often, i.e. 10 (or less) MHz LTE carriers and PRS occupying the entire transmission BW in PRS measurement occasions.
While details for ePDCCH fallback operation are still under discussion in RAN1, the decision that ePDCCH will not support CSS in R11 will result in the need for a solution corresponding to R10 UE’s monitoring for occurrences of DCI F1A on the CSS in PDCCH for all of TM 1-9.

One approach to transmit DL Control Information to UE’s configured for ePDCCH in subframes containing PRS measurement occasions is the use of PDCCH. If R11 UE’s configured with ePDCCH are required to monitor CSS of PDCCH even in regular subframes for fallback, it comes at little incremental cost to consider monitoring the PDCCH for the regular DL or UL assignment messages in subframes that are also PRS measurement occasions.
We suggest to consider such details for PDCCH decoding in PRS subframes once after the decisions how to support fallback operation when configured for ePDCCH have been made for regular, i.e. non-PRS, subframes. 

Proposal 2
Fallback to PDCCH is used in subframes that are PRS measurement occasions and where no ePDCCH is available.
4.
Conclusions and Recommendations

In this contribution, we provide our recommendation on ePDCCH operation in subframes containing PRS which was left as FFS in May RAN1#69.

PRS are designed to maximize the available energy per RE and to reduce inter-cell interference in order to significantly improve achievable DL geometry for the RSTD measurements. PDSCH would typically not be transmitted on RB’s containing PRS. In this sense, supporting R11 ePDCCH based on the assumption that both PRS and ePDCCH can be simultaneously transmitted on the same RB(s) is contrary to the design premises underlying PRS.

Supporting ePDCCH transmissions in RB’s not part of the PRS measurement BW in a subframe comes at little, if any, cost. Details of UE SS design, eREG to eCCE mapping and UE decoding assumptions for the ePDCCH with distributed transmission may need to be looked at once more decisions have been made in RAN1.
Supporting ePDCCH and PRS transmissions in the same RB’s results in a very significant amount of specification effort and complexity if coding chain rate-matching, eREG mapping, and PCID dependencies are considered. We think that this case, if needed in practice, can be handled through puncturing and proper handling of AP-eREG associations by the eNB – and is best left as eNB implementation without precluding it in the R11 specifications.
In summary, we propose the following:
Proposal 1:

No specification support is introduced for simultaneous transmission of ePDCCH and PRS in the same PRB.
Proposal 2

Fallback to PDCCH is used in subframes that are PRS measurement occasions and where no ePDCCH is available.
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