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1. Introduction
In RAN1 #68bis meeting, the issues regarding the DMRS for ePDCCH were discussed and the following agreements were concluded: 

Agreement from RAN1#68bis:

· Rank-2 SU-MIMO is not supported for a single blind decoding attempt.

· At least for localized transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and

· a UE-specific configuration.

· FFS till RAN1#69 what configuration comprises (e.g. RRC signaling, UE ID, etc).

· FFS till RAN1#69 whether this applies to distributed transmission.
In this contribution, we present our views about the association between antenna ports and ePDCCH. 

2. Discussions
2.1. RS collision problem between neighboring TPs
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 ePDCCH according to working assumption agreed in RAN1#67 meeting. This means RS collision problem should be considered for DMRS-based ePDCCH. One solution would be to separate the frequency/time resources for ePDCCH from those used for the ePDCCH resources in the neighboring TPs to avoid overlap of ePDCCH RSs. This solution has an obvious disadvantage that ePDCCH resource configuration is restricted in the presence of several mutually interfering TPs. Furthermore, even with the separation of ePDCCH time/frequency resources, it is difficult to avoid the collision between ePDCCH 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. In [1], there are some simulation results to show the impact on RS collision, and those results show that RS collision case (e.g. port7-port7) cannot get enough of boosting gain compared to RS non-collision case (e.g. port7-port9). 
Proposal 1: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for ePDCCH.
2.2. Assignment of antenna ports

There are two method for indicating UE-specific DMRS configuration; using explicit DM RS configuration via high layer signalling or implicit DM RS configuration with the linkage with C-RNTI. Using C-RNTI was discussed in last meeting, but in our understanding, the change of C-RNTI entails (intra-cell) handover procedure in current specification. It means that additional procedure and signaling (e.g. RACH procedure, Handover message …) should be needed between eNB and UE for receiving a new UE-specific DMRS configuration. In addition, if a new UE-specific DMRS configuration is needed in a cell in a carrier aggregation situation, connections in the other cells which are aggregated with the configuration-changing cell are released unnecessarily. Therefore, considering additional procedures for changing C-RNTI, explicit DM RS configuration via high layer signalling which directly configures the antenna port assignment is more appropriate. 

Proposal 2: The antenna port allocation for ePDCCH should be indicated by high layer signaling.
In previous meeting, it was agreed that rank-2 SU-MIMO is not supported for a single blind decoding attempt. So, if the channel condition is good enough for multi-rank transmission, MU-MIMO can be considered as transmission scheme for utilizing limited resources. Here, MU-MIMO based E-PDCCH transmission means ePDCCHs for different UEs are transmitted via multiple layers in same frequency/time position. In this case, multiple UE-specific DMRS configurations, i.e. antenna ports and scrambling parameters (e.g. X and nSCID), for same resource (e.g. eCCE) should be defined to support orthogonal channel estimation and demodulation of ePDCCH on multiple different UEs. In addition to UE-specific DMRS configuration, resource-specific DMRS configuration is helpful to MU-MIMO operation as discussed in [2]. The resource-specific DMRS configuration means that each eCCE is demodulated with one DMRS configuration and another eCCE can be configured to be demodulated with a different DMRS configuration. The DMRS configuration of each eCCE is determined by high layer signaling for configuration flexibility. As shown in [2], another use case of the resource-specific DMRS configuration is Dynamic transmission/reception Point Selection (DPS). In case of DPS, network can assign proper TP to the UE transparently using different DMRS configuration per eCCE. 
The RS collision problem, as mentioned in previous section, can be solved 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 ePDCCH RS collision problem can be mitigated. Especially, if the power boosting is used for accurate channel estimation for ePDCCH or PDSCH, the configurability of antenna port can ensure the effective power boosting as there will be no merit in applying power boosting for the RSs colliding between neighboring TPs.
Regarding the indication of eCCE-specific DMRS configuration to each UE, if the full flexibility is supportable, eNB can assign a DMRS configuration used for each eCCE in each ePDCCH-configured PRB pair. For example, eNB can signal “a pattern of antenna port assignment to eCCE” for each PRB pair: If a PRB pair is divided into four eCCEs and UE receives the pattern {7,8,9,10} for a PRB pair, the UE can assume that signaled pattern AP 7, 8, 9, 10 are assigned to the first, second, third and fourth eCCE in that PRB pair, respectively. Figure 1 shows examples of UE-specific and eCCE-specific DMRS configuration. As shown in this figure, UE1 can use the pattern {7,8,9,10}, {7,8,9,10} and {7,7,7,7} for PRB pair 0,1 and 2, while patterns {7,8,9,10}, {8,7,10,9} and {7,7,7,7} are signaled to UE2 for PRB pair 0, 1 and 2, respectively. In this figure, UE1 and UE2 can use orthogonal port (e.g. port 7 and 8) and different eCCE (e.g. eCCE 0 and 1) in PRB pair0, while, in PRB pair 1, MU-MIMO operation using same resource and orthogonal port (e.g. UE1 using port7 and UE2 using port8 in eCCE0) could be done easily. In PRB pair 2, UE1 and 2 can share port 7 in different resources (e.g. eCCE0 and 1), and it means that shared RS can also be applied using eCCE-speicifc DMRS configuration.
Proposal 3: High layer signaling indicates which eCCE is demodulated with which antenna port in a UE-specific manner.
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Figure 1. An example of antenna port assignment
One issue to be considered in ePDCCH antenna port assignment is the tradeoff between the flexibility of the configuration and the increased complexity in terms of high layer signaling overhead and UE channel estimation burden. If it is agreed that the full flexibility incurs too much complexity, it is possible to restrict the configuration flexibility. For example, in order to reduce the number of channel estimation, the restriction of the number of PRB pairs assigned for ePDCCH transmission could be considered.  If the number of PRB pairs configured for ePDCCH is restricted such that multiple ePDCCH candidates can appear in the same PRB pair (with the possibility of occupying different eCCEs in the PRB pair), the number of channel estimation can be dropped because several candidates share the same antenna port. As another example, by the same token, the number of antenna port assigned to each PRB pair can also be restricted to decrease the number of channel estimation within a PRB pair. In addition, the flexibility of DMRS configuration across different PRB pairs can be considered, for example, by repeating the same pattern of antenna port assignment to eCCE in a set of selected PRB pairs.
Proposal 4: Restriction of the flexibility of eCCE-specific antenna port assignment can be considered to reduce high layer signaling overhead and the UE channel estimation burden.

2.3. The representative configuration for high aggregation level 

If a DCI message is transmitted on an aggregation of multiple eCCEs 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 eCCE is demodulated separately with its own DMRS configuration. Another method is to select one DMRS configuration out of the configurations assigned to the aggregated eCCEs. For example, DMRS configuration of the candidate which has the lowest eCCE 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 eCCEs. 
Because it is highly probable that the high aggregation level could be used for cell-edge UEs, RS collision between neighboring TPs should be considered on the selection of representative configuration which is used for the demodulation of all the eCCEs aggregated in the PRB pair. The easiest way to solve RS collision problem is to allow the configurability of the selection criterion for selecting the representative antenna port for high aggregation level. For example, this selection criterion can be implemented by indicating the priority in comparing two antenna ports. 
Proposal 5: When multiple eCCEs assigned with different DMRS configurations are aggregated within a PRB pair, one representative configuration is selected for the demodulation of all the aggregated eCCEs. Further study is needed about which DMRS configuration is used for the candidate of higher aggregation level.
2.4. DMRS overhead

The DMRS overhead depends on the number of antenna ports allocated within a PRB pair. If antenna ports {7}, {8}, {9}, {10},{7,8} or {9,10} are allocated in a PRB pair, 12 REs are needed as a DMRS overhead.  But antenna ports {7,9}, {7,10}, {8,9}, {8,10} or more than 3 ports are assigned in a PRB pair, it needs 24 REs as a DMRS overhead. The advantage of 12 REs overhead is to acquire additional coding gain rather than 24 REs overhead, while the maximum number of ports in that PRB pair is limited to 2. This 12 REs overhead of DMRS is useful when the number of available REs for ePDCCH is low (e.g. special subframe in TDD, PRB pair including PBCH and/or SCH) and just 1 or 2 antenna ports are assigned in a PRB pair (e.g. shared RS). As shown in [1], saving 12 RE can provide non-negligible performance gain especially in low aggregation cases, so it is desirable to exploit this DMRS overhead saving operation as much as possible. One way of exploiting this overhead saving effect is to introduce RRC signaling for indicating DMRS overhead and detailed discussion can be found in [1]
Proposal 6: The indication of DMRS overhead by RRC signaling could be considered to distinguish the shared RS case with 12 REs overhead from the dedicated DMRS case.
2.5. Precoding granularity
The PRB bundling for ePDCCH was proposed in the last meeting [2]. To enhance channel estimation performance of ePDCCH, we can consider an operation similar to the PRB bundling for PDSCH in which  UE can assume that precoding granularity is multiple resource blocks (or multiple eCCE within PRB pair) in the frequency domain. Several use cases should be considered for ePDCCH PRB bundling. Because multiple resource sets (e.g. ePDCCH, eCCE) can be allocated within a same PRB pair from ePDCCH 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 ePDCCH (or eCCE) 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 ePDCCH PRB bundling. The most straightforward way would be to assume that ePDCCHs (or eCCEs) for one UE can be estimated together if ePDCCHs are included in a PRB bundling region regardless of antenna port and/or grant type. 

Figure 2 shows simulation results for eCCE bundling and simulation assumptions are shown in Appendix. In this simulation, it is assumed that two DCIs (for example, for UL grant and DL grant, or for cross-carrier scheduling etc.) are transmitted to a single UE with the aggregation level 1 or 2 within a PRB pair. Different antenna port is assigned to different DCI. The “Estimation using one port” means that each DCI is demodulated using an antenna port assigned for that DCI, and “Estimation using two ports” means that each DCI is demodulated using two antenna ports on the assumption that same precoding is used for those two antenna ports. As shown in this figure, the channel estimation performance using eCCE bundling, i.e. using two ports for channel estimation, has substantial performance gain over the non-bundling case. 
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Figure 2. eCCE bundling performance
Proposal 7: Expanding precoding granularity for improving channel estimation performance should be considered for ePDCCH. Further studies for possible use cases (e.g. different port, different DCI format, non-contiguous PRB pairs,…) are needed for applying precoding granularity expansion.
3. Conclusion
In this contribution, we discuss reference signal for ePDCCH, and our views for ePDCCH DMRS are as follows:
Proposal 1: The RS-collision problem between neighbor TPs should be considered in the discussion of reference signal for ePDCCH.
Proposal 2: The antenna port allocation for ePDCCH should be indicated by RRC signaling.
Proposal 3: High layer signaling indicates which eCCE is demodulated with which antenna port in a UE-specific manner.
Proposal 4: Restriction of the flexibility of eCCE-specific antenna port assignment can be considered to reduce high layer signaling overhead and the UE channel estimation burden.

Proposal 5: When multiple eCCEs assigned with different DMRS configurations are aggregated within a PRB pair, one representative configuration is selected for the demodulation of all the aggregated eCCEs. Further study is needed about which DMRS configuration is used for the candidate of higher aggregation level.
Proposal 6: The indication of DMRS overhead by RRC signaling could be considered to distinguish the shared RS case with 12 REs overhead from the dedicated DMRS case.
Proposal 7: Expanding precoding granularity for improving channel estimation performance should be considered for ePDCCH. Further studies for possible use cases (e.g. different port, different DCI format, non-contiguous PRB pairs,…) are needed for applying precoding granularity expansion.
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Appendix A. Simulation assumption for Figure 2
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	Tx scheme
	closed loop beamforming

	Codebook
	Rel-10 Codebook for 2-Tx

	PMI granularity
	Wideband

	PMI periodicity
	each 10ms

	Modulation
	QPSK

	DM-RS configuration
	port 7 and 9

	DCI payload
	42 (for DCI) + 16 (for CRC) bits

	eCCE configuration
	L-CCE: 4 eCCEs per PRB pair, 36 REs per eCCE

Interleaved mapping of eCCE in a PRB pair
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