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1 Introduction

At the RAN1#68bis meeting, the detailed design of EPDCCH was further discussed and the following agreement was reached for the scrambling sequence of EPDCCH [1]:
· The same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DM-RS
And the following working assumption was made:
· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
· 
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· Details of nSCID and X is FFS

In this contribution, we will discuss the remaining issues on the DMRS design for EPDCCH in Rel-11 and share our recommendations.
2 Discussion

2.1 Value of cinit
At the RAN1#69 meeting, it has been agreed that there are two candidate values of cinit for configuration of the scrambling sequence generator for PDSCH DMRS [2]:
· For the DMRS sequence initialization
· Two candidate values of X are configured: x(0) and x(1)
· nSCID  is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

· Note that nSCID equals to 0 for the rank larger than 2 and x(0) is used

Thus, it may seem straightforward to support these two candidate values of cinit also for EPDCCH DMRS. By reusing the same scrambling sequence generator and the same configuration, the CoMP/MU-MIMO operations can be naturally extended to EPDCCH, while the configuration and signaling overhead can also be reduced.

Nonetheless, there are still some details to be considered. Although there are two candidate values of cinit for PDSCH DMRS, there is no ambiguity on which specific cinit to be used by the UE in each subframe, because they can be dynamically signaled via DCI. However, no dynamic signaling is defined to inform the UE of which X and nSCID values are to be used in EPDCCH DMRS.
There are several possible solutions to this issue. One straightforward and flexible solution is that the UE performs blind decoding on EPDCCH with multiple hypotheses on the cinit of EPDCCH DMRS. This would obviously result in a significantly increased number of blind decoding attempts.
The second candidate solution to this issue is to signal the selected X and nSCID values to the UE via PDCCH [3]. It should be noted that since the X and nSCID to be used are UE-specific, such signaling should be transmitted in the UE-specific search space of PDCCH, which further consumes the PDCCH capacity. What is worse, the decoding of EPDCCH then depends on the decoding result of PDCCH, implying that the performance of EPDCCH will be constrained by that of PDCCH due to potential error propagation. As a result, the promised advantages of EPDCCH, such as increased control channel capacity, frequency-domain ICIC, etc. may not be achievable.
Another possible solution was proposed in [4], where the idea is to configure a PRB-specific cinit pattern for EPDCCH DMRS by higher layers. Although this solution does not require UE’s blind detection of cinit, it inevitably increases the implementation complexity and signalling overhead due to different cinit values and/or antenna ports are used for different PRB pairs.

In CoMP scenarios, besides the abovementioned issue of cinit determination for EPDCCH DMRS, the issue of collisions between EPDCCH and CRS of neighbour cells also needs to be considered. It was agreed at the RAN1#69 meeting that rate matching should be performed around the CRS for EPDCCH [2]. However, the transmissions from different TPs may have different time-frequency mappings of CRS due to the v-shift configuration in the CoMP scenario. Consequently, the UE monitoring the EPDCCH with different sets of X and nSCID values needs to perform rate matching for EPDCCH with multiple hypotheses on CRS mappings. One solution to the CRS collision issue would be to avoid mapping the EPDCCH to the symbols that may contain CRS. Nonetheless, this solution has an obvious disadvantage that the resource utilization efficiency of EPDCCH is reduced.
According the analysis above, it seems that it is challenging to support two sets of X and nSCID values for EPDCCH. It was proposed in [5] to support two sets of X values, for common and UE-specific search spaces, respectively. Although this approach has some advantages, it has been agreed that the common search space is not supported in Rel-11. Given the limited timeframe of Rel-11, we suggest that only one single predetermined value of cinit (i.e. one set of X and nSCID) is used for EPDCCH in Rel-11.
Proposal 1: Only one single predetermined value of cinit (i.e. one set of X and nSCID) is used for EPDCCH in Rel-11.
2.2 Value of X and nSCID
The next remaining question is the values of X and nSCID for EPDCCH DMRS. Considering that different values of X may be used at different TPs, to effectively ensure the cell split gain of EPDCCH, X should obviously be configured by higher layers in accordance with the serving TP. The range of values of X should also be aligned with that in the PDSCH case. Further, the default value of X should be set to the serving cell ID, similar to the agreed PDSCH case [6].
Proposal 2: The value of X in the EPDCCH DMRS sequence initialization is configured by higher layers, where the range of its values and the default value should be aligned with those defined for PDSCH.
2.3 Configuration of X and nSCID
The first alternative is to link the X of EPDCCH DMRS to that of PDSCH. Though it might seem to be straightforward, there are some aspects to be considered.

a) Support of CRS-based transmission modes (TM) by EPDCCH

According to the working assumption of the RAN1#70 meeting, all DL TMs can be supported by EPDCCH [6]. More specifically, it is possible that a CRS-based TM is configured to the PDSCH for a UE scheduled from EPDCCH transmission. In this case, it means that there would be no PDSCH DMRS configuration for the UE to be linked to its EPDCCH, hence invalidating the linking of X of EPDCCH DMRS to that of PDSCH.

b) Support of cross carrier scheduling by EPDCCH

According to the current Rel-11 specification [7], cross carrier scheduling is supported for EPDCCH. It implies that the scheduled PDSCH may not be on the same carrier as the EPDCCH is. It is worth noting that the practical deployments of the cells on different carriers may significantly vary, as the result of, for instance, the configuration of different PCIs, different antenna configurations, different transmission modes (with or without CoMP), etc. Consequently, in this case, linking the X of the EPDCCH to that of the scheduled PDSCH on another carrier seems to be unreasonable.

Therefore, in order to be flexible enough to support various deployment scenarios, the configuration of X for EPDCCH DMRS should be independent from that for PDSCH.
Proposal 3: The configuration of X for EPDCCH DMRS should be independent from that for PDSCH.
In contrast to the case of X, it seems unnecessary to support configurable nSCID. As discussed in Section 2.1, it is challenging to enable dynamic switching between different nSCID values for MU-MIMO. Moreover, the antenna ports 7~10 agreed for use in EPDCCH should already be enough for supporting MU-MIMO operation. Therefore, we suggest that nSCID is fixed to zero for EPDCCH DMRS.

Proposal 4: The value of nSCID is fixed (e.g. to zero) for EPDCCH DMRS sequence initialization.
3 Conclusion

In this contribution, we provided our views on the remaining issues of the DMRS design for EPDCCH. Based on the discussions, we propose that:
Proposal 1: Only one single predetermined value of cinit (i.e. one set of X and nSCID) is used for EPDCCH in Rel-11.
Proposal 2: The value of X in the EPDCCH DMRS sequence initialization is configured by higher layers, where the range of its values and the default value should be aligned with those defined for PDSCH.
Proposal 3: The configuration of X for EPDCCH DMRS should be independent from that for PDSCH.
Proposal 4: The value of nSCID is fixed (e.g. to zero) for EPDCCH DMRS sequence initialization.
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