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1. Introduction
In RAN1 #68 meeting, agreements and observations for reference signal were decided as follows [1]: 

Agreement from RAN1#68:

· At least for the E-PDCCH 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 are not supported.
Observations from RAN1#67:

· Further study is needed for example:

· 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
In this contribution, we present our views about DMRS configurability and questions as mentioned above.
2. Discussions

In RAN1 #68 meeting, there were many papers on E-PDCCH RS, and E-PDCCH transmission schemes are divided into two modes, beamforming mode and transmit diversity mode, in those contributions. Two modes have some difference from the viewpoint of RS usage, so it is natural approach that detailed RS configurations of each transmission mode are discussed separately. 
Proposal: E-PDCCH transmission schemes are divided into two modes, beamforming mode and transmit diversity mode.

In the CRS-based transmission, the v-shift is used for avoiding RS collision among neighbor TPs. On the other hand, there are no cases where CRS is used for demodulation of the E-PDCCH according to working assumption agreed in RAN1#67 meeting. This means RS collision problem should be considered for DMRS-based E-PDCCH. One solution would be to separate the frequency/time resources for E-PDCCH from those used for the E-PDCCH resources in the neighboring TPs to avoid overlap of E-PDCCH RSs. This solution has an obvious disadvantage that E-PDCCH resource configuration is restricted in the presence of several mutually interfering TPs. Furthermore, even with the separation of E-PDCCH time/frequency resources, it is difficult to avoid the collision between E-PDCCH DMRS and PDSCH DMRS across multiple TPs for some antenna ports like port 7 or 8 because they are more frequently used for PDSCH transmissions than the other antenna ports. 

This RS collision can be prevented in advance by allowing the configurability of antenna port. The network can simply indicate each UE of the antenna port which is expected to be used the least frequently in the neighboring TPs. By employing this feature, the network has the ability that it can assign different antenna ports to different TPs so that the E-PDCCH RS collision problem can be mitigated. Especially, if the power boosting is used for accurate channel estimation for E-PDCCH or PDSCH, the configurability of antenna port can ensure the effective of power boosting as there will be no merit in applying power boosting for the RSs colliding between neighboring TPs.
Proposal: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for E-PDCCH. 

2.1. Beamforming mode
According to the agreement from RAN1#68, single layer (i.e., rank 1) transmission is supported as a baseline, but transmission schemes (e.g. SU-MIMO, MU-MIMO) for higher rank channel are FFS. In E-PDCCH WI, the decoding time of control signal is important for decoding of corresponding PDSCH at a given time. For the same purpose, maximum TBS restriction is also being studied. Considering decoding complexity for multi-layer transmission and decoding time, if channel condition is in a good state which can support multi-layer transmissions, MU-MIMO based E-PDCCH (i.e., rank 1 for one E-PDCCH) is more suitable than SU-MIMO 

Proposal: Higher layer SU-MIMO is not supported in Rel-11.

Proposal: The MU-MIMO based E-PDCCH should be considered for higher rank channel condition.
There are some issues for beamforming mode of E-PDCCH; transmission schemes using E-PDCCH (e.g. MU-MIMO, DPS…), RS collision problem etc. The MU-MIMO is one of the techniques to improve resource utilization efficiency, and MU-MIMO based E-PDCCH transmission means E-PDCCHs for different UEs are transmitted via multiple layers in same frequency/time position. In this case, multiple DMRS resources should be defined to support orthogonal channel estimation and demodulation of E-PDCCH on multiple different UEs, multiple allocation of DMRS resource, i.e. antenna port and scrambling parameters are required. In a Dynamic transmission/reception Point Selection (DPS), different DMRS configuration per candidate can be useful from the viewpoint of implementation. For both cases (i.e., MU-MIMO and DPS), the candidate-wise varying DMRS configuration should be considered. The candidate-wise varying DMRS configuration means that each E-PDCCH candidate is demodulated with one RS configuration and different candidate is demodulated with different RS configuration. RS configuration of each candidate is determined by higher layer signaling for configuration flexibility. Figure 1 shows examples of the candidate-wise varying DMRS configuration. In Figure 1(a), we assume that all of the UEs use same scrambling parameters here for the orthogonality of DMRS. As shown in this figure, more diverse possibilities are allowed for MU-MIMO paring in each candidate in consideration of the current channel status. In Figure 1(b), higher layer signals port 8/SC A for Candidate A and port 8/SC B for Candidate B to UE1. (In this figure, SC A means scrambling sequence determined by parameter(s) A.) It means that the UE1 can use port 8/SC A on Candidate A and port 8/SC B for Candidate B for detection of E-PDCCH, and better TP for UE1 considering channel condition can be selected UE-transparently. If there is another UE’s candidate position within a same PRB pair (e.g. UE2 in TP1 cell), the use of the same scrambling with different port guarantees the orthogonality between UE1 and UE2.
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Figure 1. Examples of the candidate-wise varying DMRS configuration

Proposal: In the beamforming mode, each E-PDCCH candidate is demodulated with one antenna port in Rel-11.

Proposal: The reference signal configuration (i.e., antenna port and scrambling parameters) for E-PDCCH in beamforming mode is determined by higher layer signaling. This configuration should be able to support the flexibility that different candidate is demodulated with different RS configuration.

If a DCI message is transmitted on an aggregation of multiple E-CCEs
 each of which has different DMRS configuration, it needs to be decided which DMRS configuration is to be used for the demodulation of this high aggregation level DCI. Several methods can be considered for this. One method is that each E-CCE is demodulated separately with its own DMRS configuration. Another method is to select one DMRS configuration out of the configurations assigned to the aggregated E-CCEs. For example, DMRS configuration of the candidate which has the lowest E-CCE index can be used for target high aggregation level candidate. A different method is to use the DMRS configuration additionally indicated by higher layer signaling regardless of DMRS configurations of the aggregated E-CCEs. From the DMRS configuration signaling perspective, the first two methods can be regarded as “per-E-CCE DMRS configuration” while the third one can be considered as “per-candidate DMRS configuration.”  We also note that different method may be chosen for different cases, e.g., depending on whether the aggregated E-CCEs are from the same PRB pair
 or different PRB pairs.
Observation: Further study is needed about which DMRS configuration is used for the candidate of higher aggregation level.
The PRB bundling for E-PDCCH was proposed in the previous meeting [3]. To enhance channel estimation performance of E-PDCCH, we can consider PRB bundling which is assumed (by UE) that precoding granularity is multiple resource blocks (or multiple E-CCE within PRB pair) in the frequency domain. Several use cases should be considered for E-PDCCH PRB bundling. Because multiple resource sets (e.g. E-PDCCH, E-CCE) can be allocated within a same PRB pair from E-PDCCH viewpoint, the PRB bundling can be classified to intra-PRB pair case and inter-PRB pair case. (To be more exact, a PRB bundling means an E-PDCCH (or E-CCE) bundling in the intra-PRB pair case.) In addition, same/different antenna port and same/different DCIs (i.e., DL assignment, UL grant) in the intra (inter)-PRB pair case can be considered for E-PDCCH PRB bundling. The most straightforward way would be to assume that E-PDCCHs (or E-CCEs) for one UE can be estimated together if E-PDCCHs are included in a PRB bundling region regardless of antenna port and/or grant type. Figure 2 shows simple descriptions of intra-PRB case and inter-PRB case. It can be possible that each E-PDCCH within a PRB pair has different DMRS configuration or grant (UL or DL) in this figure.
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Figure 2. Examples of E-PDCCH allocation
Proposal: PRB bundling for improving channel estimation performance should be considered for E-PDCCH.
Observation: Further studies for possible use cases (e.g. different port, different DCI format…) are needed for applying PRB bundling.

2.2. Transmit diversity mode
When accurate channel state information is not available at eNB, DMRS based precoding is hard to operate for E-PDCCH transmission. In order to support robust transmission with inaccurate channel information, transmit diversity scheme (like SFBC, precoder cycling …) should be introduced. To operate transmit diversity scheme for DMRS based E-PDCCH transmission, resource assignment of DMRS should be carefully studied in terms of DMRS resource overhead and resource utilization for multiple UEs. For example, we can use eNB-configured DMRS resource assignment as mentioned above, which means eNB indicates DMRS resource including antenna port(s) and scrambling ID(s) by considering DMRS overhead, resource utilization, RS collision with neighbor TPs, and so on. In that sense, transmit diversity using 4 antenna ports does not seem to be needed because a large DMRS overhead can cause a decrease in coding gain and RS collision problem with neighbor TPs’ DMRS cannot be avoided although the effectiveness of the diversity order 4 in the space domain is questionable. Considering these aspects, it seems desirable to use two antenna ports for the E-PDCCH transmissions in the transmit diversity mode.
Proposal: For transmit diversity mode, E-PDCCH is demodulated with reference signals of two antenna ports.

When a transmit diversity scheme operates with 2 antenna ports, it should be decided which antenna ports are utilized for E-PDCCH transmission. One possible approach is to use antenna ports FDMed with each other such as {7, 9} and {8, 10}. This approach has the advantage that RS power boosting becomes easier as each antenna port can use the transmit power of the other antenna port in the same CDM group as shown in Figure 3(a). One drawback of this approach is that it always incurs 24 RE overhead in each PRB pair leading to a decreased achievable coding gain. Another candidate is to use antenna port CDMed with each other such as {7, 8} and {9, 10} as shown in Figure 3(b). This port allocation needs just 12 REs as DMRS overhead, so achievable coding gain is bigger than the case using FDMed antenna ports. This DMRS overhead saving effect is more prominent when E-PDCCH is transmitted in a TDD special subframe. For example, in the case of special subframe configuration 1 or 6, there are 9 OFDM symbols for DwPTS. If 2 OFDM symbols for PDCCH and CRS port 0&1 are assumed, the number of available REs for E-PDCCH is 64 when using port {7, 8} or {9, 10} but this number decreases to 52 when using port {7, 9} or {8, 10}. This gives the observation that using CDMed antenna ports can utilize about 23% more REs than using FDMed antenna ports. Regarding the RS power boosting, it is also possible to increase the DMRS transmit power in the case using CDMed antenna ports by borrowing the transmit power of information REs or the transmit power of other PRBs. So, it seems appropriate to take the two CDMed antenna ports (i.e., {7, 8} or {9, 10}) as the baseline of the DMRS used in the transmit diversity mode. The high layer signaling indicates the set to be used for the E-PDCCH transmissions. It is FFS whether two FDMed antenna ports (i.e., {7, 9} or {8, 10}) needs to be supported additionally.
Proposal: For baseline of transmit diversity mode, network configures a set of 2 CDM’ed DMRS antenna ports (i.e., 7&8 or 9&10) to be used for demodulation. FFS whether the transmission using 2 FDM’ed DMRS antenna ports can be supported additionally.
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Figure 3. Power and Resource allocation for Transmit diversity mode
3. Conclusion
We discussed reference signal for E-PDCCH, and our views for E-PDCCH RS are as follows;
Proposal: E-PDCCH transmission schemes are divided into two modes, beamforming mode and transmit diversity mode.
Proposal: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for E-PDCCH.
Proposal: Higher layer SU-MIMO is not supported in Rel-11.

Proposal: The MU-MIMO based E-PDCCH should be considered for higher rank channel condition.
Proposal: In the beamforming mode, each E-PDCCH candidate is demodulated with one antenna port in Rel-11.

Proposal: The reference signal configuration (i.e., antenna port and scrambling parameters) for E-PDCCH in beamforming mode is determined by higher layer signaling. This configuration should be able to support the flexibility that different candidate is demodulated with different RS configuration.
Proposal: PRB bundling for improving channel estimation performance should be considered for E-PDCCH.

Proposal: For transmit diversity mode, E-PDCCH is demodulated with reference signals of two antenna ports.
Proposal: For baseline of transmit diversity mode, network configures a set of 2 CDM’ed DMRS antenna ports (i.e., 7&8 or 9&10) to be used for demodulation. FFS whether the transmission using 2 FDM’ed DMRS antenna ports can be supported additionally.
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� The definition of E-CCE can be found in [2].


� Here, “PRB pair” just means the time/frequency resource location.
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