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1 Introduction

At the RAN1#69 meeting, the issue of collision handling between ePDCCH and other legacy physical channels and signals was discussed and the following agreements were achieved [1]:
· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used

· FFS whether anything needs to be specified in relation to PRS 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

According to the agreement, the coding chain rate-matching is used around most of the legacy channels and signals. However, the collision between ePDCCH and PBCH, PSS/SSS, CSI-RS, and PRS are still open. In this contribution, we provide our considerations on these open issues.
2 Discussion
2.1 Collision with PRS
The positioning reference signals (PRS) has been introduced since Rel-9 for LTE positioning. In the case of both ePDCCH and PRS are configured, proper handling of mapping of ePDCCH in the PRB pair in presence of PRS should be considered. As the PRS is configured in a UE-specific way, each UE only knows the relevant configuration for its own PRS pattern. Consequently, the UE without the knowledge of the PRS configuration may fail to decode the ePDCCH in presence of PRS.

Such issue also exists in PDSCH RE mapping. In Rel-9, it is solved by puncturing the PDSCH REs for all UEs in the cell when the PDSCH is mapping to the PRB pair with PRS enabled [2]. The same approach may also be reused for ePDCCH.
Some concerns were raised on applying the same approach of PDSCH to ePDCCH, considering the more stringent performance requirement of ePDCCH than that of PDSCH. Without support of HARQ mechanism, the performance degradation of ePDCCH due to RE puncturing of PRS may not be ignorable, especially considering that the number of REs occupied by PRS within a PRB pair is not small. Therefore, the approach of coding chain rate-matching was proposed as an optimization for improving the performance of ePDCCH [3].
However, although the eNB has the knowledge of all the PRS configurations in the cell and can perform the corresponding rate matching operation, for those UEs that are not configured with PRS, they are unaware of PRS and thus rate matching is not feasible for them. Consequently, such optimization (i.e. coding chain rate-matching) is not applicable to a subset of UEs that are agnostic about PRS configuration.

On the other hand, as one of the design objectives of PRS subframes was to facilitate the “hearability” of neighbor cells by reducing the interference and increasing the RS energy, in practical LTE networks PDSCH or ePDCCH would be typically disabled in the PRB enabling PRS. RAN4 performance requirements also assume no presence of PDSCH in PRB containing PRS [4]. Therefore, if the performance does become a concern, the eNB anyway can choose to schedule UEs only in the PRS-free subframes, or in the PRB pairs of PRS subframes beyond the PRS bandwidth configured. Given that the bandwidth for enabling PRS in the PRS subframes is also configurable, and that the periodicity of PRS subframes is sufficiently long (i.e. 160ms/320ms/640ms/1280ms), the performance degradation due to disabling ePDCCH in PRS subframes concerned is expected to be insignificant. Hence, the optimization for ePDCCH is not necessary, especially considering the standardization efforts needed during the constrained timeline for Rel-11. Therefore, we suggest that:
Proposal 1: The ePDCCH RE is punctured by PRS similar to the case of PDSCH. It is not necessary to specify ePDCCH RE mapping in relation to PRS.
2.2 Collision with PBCH and PSS/SSS
The mapping location of PSS/SSS in a subframe may collide with that of DMRS, as shown in Fig. 1. In current specification, it is not allowed to transmit DMRS in the centre 6 PRBs where PSS/SSS are transmitted. According to previous RAN1 working assumptions, the ePDCCH only supports DMRS based demodulation. Thus, the centre 6 PRBs cannot be used for ePDCCH transmission when colliding with PSS/SSS. Due to this constraint, it is difficult to allocate ePDCCH resource in narrow bandwidth systems.

[image: image1]Fig. 1: Collision between PSS/SSS and DMRS for FDD (left) and TDD (right) in subframe #0 (normal subframe).
This issue has been discussed in the context of additional carrier type. One of the proposed solutions is to change the location of PSS/SSS to avoid the potential collision [5]. However, obviously this solution is not applicable to the ePDCCH of legacy carriers. Several other possible options to tackle this issue for ePDCCH include:
1) CRS based demodulation is used instead of DMRS in the PRB where PSS/SSS are transmitted;
2) New DMRS pattern is defined in the PRB where PSS/SSS are transmitted [6];
3) Truncated DMRS pattern is used in the PRB where PSS/SSS are transmitted [7].
Option 1) is not aligned with the current working assumption mandating the use of DMRS for demodulation. Although it enables the co-location between ePDCCH and PSS/SSS, most of the promised benefits of ePDCCH, such as beamforming, would vanish under CRS based demodulation. Moreover, such an approach is not future-proof. Specifically, if in the additional carrier type defined for the future release where no CRS transmission is supported, the collision of DMRS and PSS/SSS may still remain in the case of unsynchronized carriers. If this happened, the CRS based solution would not work and another solution would have to be required for mapping ePDCCH to the PRB where PSS/SSS were transmitted. Therefore, option 1) is not preferred.
A new DMRS pattern can be defined in the centre 6 PRBs to avoid the collision of DMRS and PSS/SSS. One example can be found in [6], where the existing DMRS pattern currently used for special subframe configurations 3, 4 and 8, is suggested be applied in normal subframe. However, this approach only solves the collision of DMRS and PSS/SSS in FDD, and cannot avoid the collision of DMRS and PBCH. Further, it has some limitation that up to only two symbols are available for legacy PDCCH. Such a constraint further reduces the capacity of the control channel, especially in narrow bandwidth systems where the control channel is already considered to be the bottleneck of the system capacity. Hence, option 2) is not preferred, either.

Option 3) has a distinct advantage in that it enables co-location of ePDCCH and PSS/SSS in the same PRBs in a future-proof way dispensing with CRS based demodulation. Nonetheless, an issue may be that it is expected to negatively affect the achievable performance due to the partial loss of DMRS. The associated quantitative impact to the system performance needs a thorough evaluation before option 3) can be adopted as a resolution to the collision issue concerned. Such an evaluation, however, may not be completed within the Rel-11 timeframe, rendering it as an unsuitable candidate solution at least for Rel-11. Having said that, even if the collision issue is solved, given the high overhead (PSS/SSS, PBCH, CRS, PDCCH, etc) in these particular PRBs, few REs would be left for ePDCCH.
Based on the above analysis, the constraint that ePDCCH cannot be transmitted in the centre 6 PRBs where PSS/SSS are transmitted seems to be acceptable for us. Therefore, we suggest that:
Proposal 2: The ePDCCH is not supported in the centre 6 PRBs where the mapping locations of PSS/SSS and DMRS collide with each other.
3 Conclusion

In this contribution, we provide our views on the issues of mapping ePDCCH to the PRBs, where the legacy PSS/SSS, PBCH, CSI-RS and/or PRS are transmitted. Based on the discussions, we propose that:
Proposal 1: The ePDCCH RE is punctured by PRS as in the case of PDSCH. It is not necessary to specify ePDCCH RE mapping in relation to PRS.
Proposal 2: The ePDCCH is not supported in the centre 6 PRBs where the mapping locations of PSS/SSS and DMRS collide with each other.
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