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1. Introduction
In RAN1#66bis, the following were agreed as the motivations for enhanced PDCCH.
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After the above motivations were agreed, several ePDCCH design aspects were proposed as a WF [1]. One of the important aspects in this WF was, to which RS the ePDCCH should be multiplexed. In this contribution, we present our views on the RS design choices for ePDCCH.

After the above motivations were agreed, several ePDCCH design aspects were proposed as a WF [1]. One of the important aspects in this WF was which RS the ePDCCH should be based on. In this contribution, we present our views on the RS design choices for ePDCCH.

2. Discussion
UE-specific DM－RS based PDCCH extension

As discussed in RAN1#66bis meeting, one of the main motivations of enhanced PDCCH (i.e. ePDCCH) is to achieve the improved spatial reuse of DL control signaling in Rel.11. UE-specific DM-RS based ePDCCH is a promising enhancement to enable the system to enjoy these gains. On the other hand, two types of R-PDCCHs have been specified for Rel.10 relay already, i.e. R-PDCCH with cross-interleaving and R-PDCCH without cross-interleaving.  R-PDCCH with cross-interleaving is multiplexed only with Cell-specific RS, while R-PDCCH without cross-interleaving can be multiplexed with UE-specific DM-RS or Cell-specific RS.  Although Rel.10 R-PDCCH is multiplexed with legacy Cell-specific RS, narrow band Cell-specific RS was proposed instead of legacy Cell-specific RS [2]. In addtition to the narrow band Cell-specific RS, if R-PDCCH with cross-interleaving multiplexed with UE-specific DM-RS, i.e. the remaining combination of interleaver type and RS type, can be considered as the alternatives, the following four alternatives can be considered, taking into account the combinations of them. 

Alt.1-1: R-PDCCH without cross-interleaving multiplexed with (narrow band) Cell-specific RS

Alt.1-2: R-PDCCH without cross-interleaving multiplexed with UE-specific DM-RS

Alt.2-1: R-PDCCH with cross-interleaving multiplexed with (narrow band) Cell-specific RS

Alt.2-2: R-PDCCH with cross-interleaving multiplexed with UE-specific DM-RS 
The following table compares the pros and cons of UE-specific DM-RS and narrow band CRS. Even though both UE-specific DM-RS and narrow band CRS can mitigate interference caused by reference signals by sending them  on limited resource elements, additional modifications may be required for narrow band CRS. For example, cell splitting gain can be achieved by setting different scrambling identity/antenna port for DM-RS even in CoMP scenario 4. However, narrow band CRS requires modifications on the sequence generation process since the same sequence will be transmitted in each RRH in CoMP scenario 4 (same cell ID). Moreover, UE-specific DM-RS may allow flexible power setting even with higher order modulation, e.g. 16QAM. UE DM-RS may contribute to an increase in both the DL control channel capacity and coverage.

Table 1: UE-specific DM-RS based ePDCCH vs narrow band CRS based ePDCCH
	Pros/Cons of UE-specific DM-RS
	Pros/Cons of narrow band CRS

	Pros:

· Interference caused by RS can be mitigated, same as for narrow band CRS

· Cell splitting gain by setting different scrambling identity/antenna port in CoMP scenario 4(same cell ID)

· Flexible power allocation

Cons:

· When legacy CRS is already existed in the subframe, UE-specific DMRS may become additional overhead.
	Pros:

· Interference caused by RS can be mitigated same as for UE-specific DM-RS

Cons:

· Sequences need to be modified to have cell splitting gain in CoMP scenario 4(same cell ID)




Based on the comparison in Table 1, we believe the UE-specific DM-RS based ePDCCH, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline of DL control enhancement and the CRS based ePDCCH, i.e. Alt.1-1 and Alt.2-1, is not necessary to be specified.

Proposal : UE-specific DM-RS based ePDCCH, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline for DL control enhancement.
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Figure 1: DM-RS based E-PDCCH and narrow band CRS based ePDCCH

UE specific RS shared among multiple UEs

In the WF [1], the need for distributed resource allocation for ePDCCH was also discussed. One of the motivations for the distributed resource allocation is to share a DL grant among multiple UEs [3]. For example, allocating common search space in ePDCCH region may be one such case where the resource elements and scrambling sequence of UE-specific RS has to be shared among a subset of all UEs. This aspect should be taken into account in the discussion of DL DMRS design.

Observation:

The same DL grant may be received by multiple UEs, e.g. Common Search Space may be employed in the ePDCCH region. In this case, the resource elements and scrambling sequence of UE-specific RS has to be shared among a subset of UEs.

3. Conclusion

From the above discussion, Sharp proposes that:

Proposal: UE-specific DM-RS based PDCCH extension, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline for DL control enhancement.
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Working Assumption:


Introduce an enhanced physical downlink control channel that is:


able to support increased control channel capacity


able to support frequency-domain ICIC, 


able to achieve improved spatial reuse of control channel resource 


able to support beamforming and/or diversity


able to operate on the new carrier type and in MBSFN subframes


able to coexist on the same carrier as legacy UEs


Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.





Next step: evaluate solutions to meet these goals. 
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