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1. Introduction
In RAN1#67, RAN1 agreed that the UE-specific reference signal (UERS)-based demodulation of the enhanced physical downlink control channel (ePDCCH) would be supported as follows.
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2. Discussion
2.1. The minimum unit over which channel estimation is done
Rel-10 UE-specific RS (UERS) was designed on the assumption that channel estimation would be processed with respect to each PRB pair. Therefore, UERSs with a specific antenna port within a PRB pair should be used all together so as to obtain sufficient performance of the channel estimation as pointed out by [1][2].
Proposal:

· When a UE estimates the channel with regard to a specific antenna port, the minimum unit over which channel estimation is done should be a PRB pair regardless of how a PRB pair is divided.
Configuration of UERS is discussed further below on the assumption that the minimum unit of the channel estimation is a PRB pair.
2.2. Linkage between UERS and ePDCCH REs

It has been proposed that each PRB pair is divided into several regions and multiple ePDCCHs for different UEs are mapped to each of the regions [3][4]. In particular, each PRB pair is divided into four regions each carrying parts of ePDCCHs of different UEs. Additionally, each region is demodulated using different UERS antenna ports. In order to achieve this, two configurations can be considered, namely Alternative 1 and Alternative 2 that are described below.
Alternative 1: Antenna ports for demodulation of ePDCCH are linked to indices of regions.


Alternative 1-a: The linkage is fixed. (Fixed region-to-port mapping)

Alternative 1-b: The linkage is UE-specifically configured. (UE-specific region-to-port mapping)
Alternative 2: An antenna port is UE-specifically configured and the configured antenna port is used for demodulation of all ePDCCH regions across PRB pairs. (UE-specific port mapping)
In Alternative 1, a UE may use a different antenna port with respect to each region for one ePDCCH. When ePDCCH intended to a UE is allocated in Region 1 and Region 2 (see Figure 1, which represents the “a” version of Alternative 1), the UE demodulates REs in Region 1 and Region 2 by using antenna port 7 and 8 respectively. In this way, either one of four orthogonal antenna ports are always used for the demodulation of either one of the regions regardless of the number of multiplexed ePDCCHs within the PRB pair.
As shown in Figure 1, all UEs use the same antenna port for the demodulation of a certain region in Alternative 1-a. An eNB only has to allocate the regions for each UE so that the eNB can avoid the scheduling of the antenna port to UEs. Therefore, this alternative can make the scheduling complexity low. In addition, it makes the transmission of the broadcast information, e.g. paging indication etc., easy since each of the regions can be demodulated with the same UERS by multiple UEs.
Regarding scrambling sequences, the same scrambling sequence has to be used within a PRB pair in order to achieve the orthogonality among UERSs with different antenna ports. In other words, multiple UEs use the same SCID if a PRB pair contains parts of different ePDCCH to different UEs. Therefore, multiple UEs should be configured with the same SCID for demodulation of ePDCCH, otherwise SCID for ePDCCH has to be fixed.
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Figure 1 – Fixed region-to-port mapping (Alternative 1-a)
In Alternative 1-b, region-to-port mapping is UE-specifically configured and each of the regions is demodulated by using different antenna ports with respect to each UE. This enables the MU-MIMO transmission among ePDCCHs using orthogonal antenna ports. If ePDCCHs are multiplexed with MU-MIMO manner, eNB has to semi-statically schedule UE pairing so as to configure the UE-specific region-to-port mapping. Meanwhile, when an eNB does not adopt the MU-MIMO manner, Alternative 1-b can achieve the same configuration as Alternative 1-a and can allow an eNB to avoid the scheduling of the antenna ports to a UE. In this case, this alternative also can make the scheduling complexity low.
Regarding the transmission of the broadcast information, even if a different antenna port is used with respect to each UE, the broadcast information can be transmitted by applying the uniform precoder to multiple antenna ports within a RPB pair.
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Figure 2 – UE-specific region-to-port mapping (Alternative 1-b)
In contrast to Alternatives 1a and 1b, each UE uses the same antenna ports in all regions in Alternative 2 as shown in Figure 3. For instance, as shown in Figure 3, when ePDCCH intended to a UE1 is allocated to the Region 1 and the Region 2, the UE1 demodulates REs in Region 1 and Region 2 by using the antenna port 7 which is configured to UE1. In this case, the all of the four antenna ports are not necessary if the number of UEs which are multiplexed within a PRB pair is less than four. Therefore, REs for unnecessary UERS can be reused for ePDCCH transmission or power boosting can be applied by reusing the transmission power of unnecessary UERS. Moreover, orthogonal antenna ports can be used for MU-MIMO transmission of ePDCCH. However, the scheduling complexity is higher than Alternative 1-a since an eNB has to schedule antenna ports as well as regions. 
For Alternative 2, A certain region can be demodulated only by the restricted UE, which is configured an antenna port corresponding to the region. This means that transmission of broadcast information is also limited by configuration of the UE-specific antenna port. However, the problem can be solved by applying the uniform precoder to multiple antenna ports within a RPB pair as is the case with Alternative 1-b. Regarding the restriction of scramble sequences, the choice for Alternative 2 becomes more flexible compared with Alternative 1 especially when the number of multiplexed UEs within a PRB pair is small.
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Figure 3 – UE-specific port mapping (Alternative 2)
Table 1 outlines the above discussion. This shows that Alternative 1-a, 1-b and 2 have their own pros and cons. According to these pros/cons, Alternative 1-b provides slightly the better balance between flexibility and complexity for scheduling. Meanwhile, multiple alternatives can be combined or switched. For example, Alternative 1-a and Alternative 2 can be used for distributed and localized ePDCCHs respectively. These should be considered on evaluation of possible ePDCCH design.
Table 1: Pros/Cons of Alternative 1-a, 1-b and 2

	
	Configuration of antenna ports
	MU-MIMO using orthogonal UERS
	Power reallocation of unused antenna ports
	Transmission of broadcast information
	Scheduling complexity

	Alternative 1-a
	Unnecessary
	Unavailable
	Difficult
	Easiest
	Low

	Alternative 1-b
	Necessary
	Available
	Difficult
	Easy
	Low

	Alternative 2
	Necessary
	Available
	Easy
	Easy
	High


Observation:

· Linkage between UERS and ePDCCH REs has impact on performance evaluation of the ePDCCH transmission.
Note that FDM-base partitioning of PRB pairs in the above drawings is only an example but the other structures can be adopted. In a companion contribution [5], we discussed an FDM/TDM eCCE structure with variable regions. The port scheme in this contribution is fully applicable to this FDM/TDM structure.
2.3. Antenna ports
In RAN1#67, RAN1 agreed that antenna ports 7-10 is/are used. Therefore, when UE is configured to use UERS for demodulation of ePDCCH, there are a couple of options as follows:

Option 1: Antenna ports 7-10 are always reserved for ePDCCH.

Option 2-a: Configurable as to which antenna ports to use from antenna ports 7-10, especially four (i.e. port 7-10), two (port 7 and 9) or one (port 7 or 9) antenna port(s).
Option 2-b: Configurable as to which antenna ports to use from antenna ports 7-10, especially four (i.e. port 7-10), two (port 7 and 8) or one (port 7 or 8) antenna port(s).
In Option 1, the number of antenna ports is fixed. This provides low complexity for both eNB and UE. From the viewpoint of RAN1 specification, standardization effort is not expected so much. However, the resource overhead for four antenna ports is always assumed even when the number of the actual antenna ports is less than four. Option1 can be applied together with each of Alternative 1-a, 1-b and 2 in the previous section.
Compared with Option1, Option 2 is not so simple. But it provides higher efficiency. Option 2-a allows the number of multiplexed UERSs on an RE to be one. In particularly, when only the antenna port 7 is used, the antenna port 8 does not have to be reserved. This realizes that the transmission power for the antenna port 8 can be reallocated to the antenna port 7 so that the channel estimation accuracy on the antenna port 7 is improved. For another example, if Region 2, 3 and 4 in Alternative 1-a of the previous section are not used for ePDCCH transmission, the efficiency of ePDCCH transmission is not so high but efficiency of UERS can be high in option 2. For another example, if ePDCCH intended to each UE is allocated to each of Region 1-4 and each UE is configured antenna port 7 for the demodulation of the allocated region in Alternative 1-b, the efficiency of UERS becomes high with the complex scheduling of antenna ports. If ePDCCH intended to a UE is mapped on multiple regions, i.e. localized allocation, in Alternative 2, eNB can easily make efficiency of UERS improved. In each case, eNB can utilized the unused transmission power for the paired antenna (i.e. the pair of antenna port 7 and 8, or the pair of antenna port 9 and 10) and UE does not need to know whether the paired antenna port is used or not if only PSK modulation is employed for ePDCCH. But if QAM can be used for modulation of ePDCCH, additional signalling should be introduced in order to notify the power ratio between ePDCCH REs and UERS REs.
Option 2-b allows a eNB to set the number of multiplexed UERSs by FDM manner within a PRB to be one. When UE-RS antenna port 9 or 10 is not used, REs for these UE-RS can be reused for ePDCCH transmission. Therefore, overhead of ePDCCH may slightly decrease. Meanwhile, UE has to know whether antenna port 9 or 10 is used or not for each of alternatives in previous section. Of course, option 2-a and 2-b can be applied together.
Observation:

· Whether or not antenna ports 7-10 are always reserved for ePDCCH should be discussed taking into account of complexity and gain.
3. Conclusion

Sharp proposes
Proposal:

· When a UE estimates the channel with regard to a specific antenna port, the minimum unit of the channel estimation should be a PRB pair regardless of how a PRB pair is divided.
Two observations from the above discussions are summarized below:
Observation:

· Linkage between UERS and ePDCCH REs has an impact on the performance evaluation of the ePDCCH transmission.
· Whether or not antenna ports 7-10 are always reserved for ePDCCH should be discussed taking into account of complexity and gain.
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Agreement:


Both localised and distributed transmission of the enhanced control channel are supported


At least for localised 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
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