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Discussion and decision
1. Introduction
In RAN1#67 following agreements were reached on the design guidelines for the ePDCCH and the reference signals used for the demodulation.

Agreement:
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS


During the RAN1#68 meeting, some progress has been made which can be capture in the following lines:
Agreement:
· At least for the ePDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS

· rank 3 and 4 SU-MIMO is not supported
With the following recorded observations which are still up for discussion/decision at RAN1#68bis:

· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection
With these agreements in mind and the open points identified as an outcome of the RAN1#68bis meeting, we analyze in a number of open identified issues related to reference signals and make a few proposals on how to progress the design.
2. Reference signal design for demodulating ePDCCH

For LTE Release 8, 9 and 10 downlink control channels have been using the common reference signal (CRS) for demodulation. The main reasons to consider in Release 11 demodulation of downlink control channels with other reference signals is support for beamforming and increased spatial reuse within one cell. Support for beamforming and spatial reuse was discussed for PDSCH in release 10 and demodulation based on UE specific demodulation reference was introduced. It is thus natural to conclude that the UE specific demodulation reference signals of course should be supported for ePDCCH.

However beamforming and spatial reuse are not the only requirements to ePDCCH. Support for diversity transmission is also agreed. This is important to ensure robust operation when accurate channel state knowledge is not available. With frequency diverse transmission of ePDCCH UE specific demodulation reference may not be the optimal solution. A minimal number of reference signal resource elements within each PRB are needed to get robust channel estimation so assuming that the ePDCCH is split over multiple PRBs the relative reference signal overhead could become prohibitive. To provide efficient support for frequency diverse transmission, shared reference signal, such as CRS or shared DM RS, should be used. Shared DM RS can be obtained from UE specific DM RS by configuring the same sequence and port for multiple users. Main drawback of shared DM RS is that eNB is constrained to use the same precoding for all sharing users, which as such may not become a big issue considering that this might be combined with some kind of TX diversity type of transmission.

Proposal1: Support for shared demodulation reference signals should be considered for ePDCCH.

Coexistence with legacy UEs in legacy carriers is another requirement to the ePDCCH. As CRS has to be present on such carriers adding extra DM RS for demodulating ePDCCH may lead to prohibitive high overall reference signal overhead. Especially in the common case of 1 or 2 transmit antennas at the eNB, the additional overhead of DM RS may not be justified as the gain from beamforming could be very limited. Moreover part of the gain mechanisms provided by ePDCCH, such as frequency domain ICIC, frequency selective scheduling, increased control capacity, etc. does not rely on UE specific DM RS but is equally valid for CRS based demodulation. The effort needed to support CRS based channel estimation may also be limited as R11 UE will need to support CRS based transmission modes anyway. 

Proposal2: Support for CRS based demodulation of ePDCCH should be considered. 

In the previous meetings, two way forwards related to the DM-RS configuration have been brought forward. 

In [3], it was proposed to have higher layer configurable antenna port and scrambling parameters available for the UE. In contrast, the second way forward at RAN1#68 in [4], proposes that the antenna port (candidates) is derived from eCCE. Finally what is important is how the UE selects antenna port & sequence when it searches for ePDCCH. From UE complexity point of view it is important that only channel estimation for a single, known antenna port is needed.
Proposal3: Before searching for ePDCCH, the UE only needs to do channel estimation for a single known antenna port for each PRB pair potentially containing its eCCE.
In order to support both shared DM RS between different eCCEs as well as per eCCE DM RS, it should be possible to map multiple eCCEs to one single antenna port and in order to support dedicated DM RS it should be possible to map each eCCE to an individual port. With such requirements it is not possible to have only one fixed mapping between eCCE and antenna ports but at least two or more mappings should be supported.
Instead of fixing the map between eCCEs and antenna ports it seems that for the same cost we may be able to obtain better flexibility from allocating the ePDCCH antenna port for individually for each UE. 
Let us now have a look how the UE specific DM RS configuration can achieve the shared DM RS as well as eCCE specific DM RS. In this respect, we utilize the assumption related to UE specific search space definition in [2] and the numbering of eCCEs according to Figure 1, where eCCE4-6 denote aggregated eCCEs:
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Figure 1: Up to 4 eCCEs to be multiplexed within a single PRB pair

Assuming now a tree structure in the search space definition, as suggested in [2], the UE1 having e.g. eCCE0 as part of its search space and for higher aggregation levels and or larger required DCIS having alternatively eCCE4 and eCCE6 possible, we end up with a UE specific DM RS configuration where each of the UEs potentially sharing the same PRB pair a different antenna port is allocated, the antenna port usage within a single PRB pair is given by Figure 2:
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Figure 2: Antenna port mapping to eCCEs with having different antenna ports configured for UEs sharing the same PRB pair.
Please note in Figure 2, that for normal single layer transmission in eCCEs 4, 5 and 6 only a single UE is scheduled and therefore only a single antenna port is actually active (e.g. p7 for eCCEs 5 or 6 in case of UE1). Looking Figure 2, by a reasonable selection of the search space using this tree structure and a UE specific antenna port configuration we do not end up with any scheduling restrictions of ePDCCH due to antenna port collisions, also for a UE specific antenna port configuration.

If the network intends to do so, it may configure the same antenna port to UEs potentially sharing an ePDCCH PRB pair to enable a shared DM RS. Assuming the same type of search space definition [2] underlying Figure 2, a related example is shown in Figure 3:
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Figure 3: Antenna port mapping to eCCEs with having same antenna ports configured for UEs (UE1/UE2 and UE3/UE4) sharing the same PRB pair.

As Figure 3 clearly illustrates, a shared DM-RS port between UE1 & UE2 as well as UE3 & UE4 can be achieve by proper UE specific antenna port configuration. Please note in this example, for the lowest aggregation level (eCCE0-eCCE3) there is a 3dB power gain for the shared DM RS compared to the case in Figure 2, resulting in better channel estimation quality and correspondingly improved decoding performance. 

As shown in the examples in Figure 1 and Figure 3, it is possible to achieve most relevant eCCE to antenna port mappings by using the UE specific antenna port configuration.

Observation1: UE specific antenna port configuration can realize both the shared and dedicated DM RS eCCE to antenna port mapping.
Correspondingly, assuming a reasonable tree-like search space definition as proposed in [2], we think that a UE specific antenna port configuration has some advantages. Nevertheless, as long as no indication or baseline decisions related to UE specific search space definition as well as eCCE multiplexing are available, a decision on any kind of optimized antenna port mapping is impossible.
Observation2: The optimized selection on eCCE specific or UE specific antenna port configuration is very much dependent on any kind of pending baseline decisions on eCCE multiplexing and UE specific search space definition.

Therefore, we suggest:

Proposal4: Wait for baseline decisions with respect to eCCE multiplexing within a PRB pair and UE specific search spaces before deciding between UE specific and eCCE specific antenna port mapping for ePDCCH.
In the discussions related to DM-RS sequences, it is currently unclear, if PDSCH should be using the DM-RS sequence definition of Rel. 10 (through cell-ID) or the currently envisioned new Rel. 11 DM-RS sequence definitions in the discussions with respect to CoMP.

The Rel. 10 sequences have the advantage, that by having a different antenna port with the same n_SCID the DM-RS of different UEs is guaranteed to be orthogonal (p7/p8 – p9/p10), which of course has been the Rel. 10 design goal. On the other hand, this will create issues of reusing the DM-RS for ePDCCH for CoMP Scenario 4 between different transmission points (which are sharing the same cell-ID). Therefore, the Rel. 10 sequences will have some restrictions when using ePDCCH in CoMP Sc. 4.

If the Rel. 11 DMRS (aka CoMP) sequences are chosen (independently) in a UE specific manner, the multiplexing of eCCEs of different UEs in a single PRB pair will not guarantee the orthogonality of the DM-RS any longer. As a compromise, it could be envisioned to utilize the DM-RS sequence configurations for CoMP (having X(0), X(1),…) – but using for ePDCCH demodulation only DM-RS sequence X(0). This way, the eNB can configure the UEs served by the same TP to have the same base sequence (i.e. X(0)) independent of the n_SCID value. By doing so, we could still guarantee the DM-RS to be orthogonal between p7/p8 and p9/p10 and at the same time enable different sequences for different transmission points.
Proposal5: DMRS sequence configuration is reused from CoMP / Rel. 11 configuration, using X(0) for ePDCCH demodulation.

As reported in [2], we prefer to enable spatial diversity transmission through aggregation of eCCEs of different PRB pairs to keep the design as simple and clean as possible. Consequently, a single configured DM-RS port will be sufficient to support spatial diversity using e.g. different random precoder at different eCCEs belonging to different antenna ports.

Proposal6: To allow for frequency distributed transmissions, eCCEs belonging to different PRB pairs can be aggregated enabling also spatial diversity between the eCCEs through different chosen precoders.
3. Conclusions
This contribution has discussed demodulation reference signal design for ePDCCH.
To summarize we repeat the key observations proposals here:
Proposal1: Support for shared demodulation reference signals should be considered for ePDCCH.
Proposal2: Support for CRS based demodulation of ePDCCH should be considered. 

Proposal3: Before searching for ePDCCH, the UE only needs to do channel estimation for a single known antenna port for each PRB pair potentially containing its eCCE.

Observation1: UE specific antenna port configuration can realize both the shared and dedicated DM RS eCCE to antenna port mapping.

Observation2: The optimized selection on eCCE specific or UE specific antenna port configuration is very much dependent on any kind of pending baseline decisions on eCCE multiplexing and UE specific search space definition.

Proposal4: Wait for baseline decisions with respect to eCCE multiplexing within a PRB pair and UE specific search spaces before deciding between UE specific and eCCE specific antenna port mapping for ePDCCH.
Proposal5: DMRS sequence configuration is reused from CoMP / Rel. 11 configuration, using X(0) for ePDCCH demodulation.

Proposal6: To allow for frequency distributed transmissions, eCCEs belonging to different PRB pairs can be aggregated enabling also spatial diversity between the eCCEs through different chosen precoders.
References
[1]

R1-123732, “Demodulation reference signal for E-PDCCH”, RAN1#68, Nokia, Nokia Siemens Networks.
[2]

R1-120734, “Considerations on search spaces for the E-PDCCH”, RAN1#68, Nokia, Nokia Siemens Networks.
[3]

R1-120905, “Way Forward on E-PDCCH Reference Signals”, RAN1#68, LG Electronics, CATT, Texas Instruments.
[4] 
R1-120907, “Way forward on ePDCCH reference signals”, RAN1#68, Ericsson, ST-Ericsson, NTT Docomo, Interdigital, Renesas, Samsung. 
[image: image1][image: image4.png]eCCE #

UE1 UE2 UE3 UE4

0 7

1 7

2 9

3 9
4=0+1 7 7

5=2+3
6=0+1+2+3 7 7



[image: image5.png]eCCE #

UE1 UE2 UE3 UE4

0 7

1 8

2 9

3 10
4=0+1 7 8

5=2+3 9 10
6=0+1+2+3 7 8 9 10



