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1 Introduction

There has been intensive discussion on introduction of an enhanced physical downlink control channel for CA Enhancement new carrier type, CoMP, DL MIMO, etc. From RAN1#68bis, the following agreement and conclusion have been made in designing the enhanced physical downlink control channel: 
	Agreement:

· 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 the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
Conclusion:

· FFS: Each UE uses a single AP per ePDCCH blind decoding attempt(s) within a PRB pair for localized transmission

· Companies are recommended to provide contributions providing performance results for one or multiple AP(s) per ePDCCH transmission until the next meeting


This contribution discusses the association between antenna ports and ePDCCH transmissions and other issues on the reference signal for ePDCCHs. 

2 Reference Signal for ePDCCH
Following working assumption was made from RAN1#67:
	· There are no cases where CRS is used for demodulation of the enhanced control channel.


Possible RS design alternatives for ePDCCH demodulation include:

· Alternative 1: CRS-based enhanced control signaling

Demodulation of ePDCCH can be based on the legacy wideband CRS (WB-CRS) when using for example transmit diversity or when multiple UEs are multiplexed in the same PRB pairs. As the WB-CRS is widely and densely distributed, channel estimation accuracy will be better compared to other RS design alternatives. 

However, a WB-CRS is not (or may not be) available in CA with NCT, CoMP, and MBSFN subframes which are the main cases requiring enhanced downlink control channels. This means that different downlink control channels need to be designed if WB-CRS is also used for demodulation of enhanced downlink control channels. Considering the specification complexity and the UE-receiver complexity, we do not see a benefit for this alternative. 

On the other hand, further discussions are needed about machine-type communications (MTC). If MTC receivers have the channel estimator based on WB-CRS, then Alternative 1 should be considered to avoid increasing MTC-UE receiver complexity. Since details about MTC-UE design are not yet available, this aspect should be left for further study.

· Alternative 2: Group-UE-specific DMRS based enhanced control signaling

In the group-UE-specific DMRS scheme, the eNB does not precode the DMRS according to a UE-specific beamforming pattern. Group DMRS is particularly useful for distributed ePDCCHs and for transmission of control channels conveying UE-common information, if supported, (e.g. ePHICH, ePCFICH, DCI format 3/3A, etc.).  

It is important to note that from UE’s perspective, there is no difference between group-UE-specific DMRS and UE-specific RS as the same receiver structure will be used to perform channel estimation and data demodulation/decoding.

· Alternative 3: UE-specific DMRS-based enhanced control signaling

A UE-specific DMRS is transmitted per PRB pair and is precoded according to a beamforming vector that is suitable for this UE, assuming UE feedback is available, suitable, and reasonably accurate. Within one PRB pair, a UE will be allocated one or more DMRS ports for ePDCCH demodulation. Multiple UEs may share the same set of PRB pairs using a MU-MIMO transmission scheme.
Proposal 1: Confirm the working assumption saying that there are no cases where CRS is used for demodulation of the enhanced control channel. Further discussion is needed for MTC UEs.

Assuming Proposal 1 is agreed, unlike the DMRS for PDSCH which is configured by a corresponding DCI format, the DMRS-related configuration for ePDCCH must be made in advance or assumed by the UE before the detection of ePDCCHs. The DMRS-related configuration includes the DMRS port indication informing the UE which port(s) is/are associated with an ePDCCH, the DMRS scrambling sequence, and the number of configured DMRS port resources.
Antenna ports for distributed ePDCCH

An ePDCCH in the distributed mode is transmitted over multiple distributed PRBs to obtain the frequency diversity gain as well as interference diversity gain. Since HARQ is not applied to ePDCCH robust transmission of ePDCCH is necessary. Distributed allocation of PRB pairs is for enabling robust transmission by achieving frequency/interference diversity. In this case, multiple ePDCCHs transmitted to multiple UEs will be populated in each respective PRB pair. If a UE-specific DMRS is defined for each ePDCCH, then too many DMRS ports need to be assigned in each PRB pair. Therefore, group-UE-specific DMRS (Alternative 2) is a better choice in the sense of saving the DMRS overhead. The DMRS ports associated with distributed ePDCCH transmissions can be fixed and do not need to vary across subframes.
Proposal 2: Adopt group-UE-specific DMRS (Alternative 2) for distributed ePDCCHs.
Antenna ports for localized ePDCCH

For localized ePDCCHs, unlike distributed ePDCCHs, one eCCE is confined within one PRB pair, and a PRB pair may carry multiple ePDCCHs, each of which uses one (or multiple) orthogonal DMRS port(s). There are several options for indicating to the UE which port(s) is/are assigned for its ePDCCH detection:
· Option 1: The DMRS port is determined depending on the eCCE index/location in the configured ePDCCH VRBs.
The eCCEs can be jointly and continuously indexed so that those eCCEs inside a PRB pair have continuous indices. For example, if a PRB pair includes 4 eCCEs, 4 eCCEs will be assigned with antenna ports 7~10 respectively according to their indices. This ensures that when 4 ePDCCHs are multiplexed in the PRB pair, each of them can be exclusively allocated with an orthogonal DMRS port.

· The DMRS port(s) can be determined by the index of the starting eCCE of an ePDCCH candidate. An example for rank-1 port number generation can be
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 is the starting index (or the lowest index of the aggregated eCCEs) of the ePDCCH candidate, and
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 can be a function of UE-common parameters such as cell ID, and/or subframe index etc. An example of such an eCCE index/location based approach is illustrated in Figure 1. Note that in case of aggregation level 2, even though there are empty ports, they cannot be used for MU-MIMO.
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Figure 1: DMRS port mapping of Option 1.
· Option 2: The DMRS port is jointly determined with the ePDCCH candidate. 

The PDCCH candidates  in Rel-10 are determined by the following function:
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 is a random variable generated by a hashing function depending on the C-RNTI [1, 9.1.1].
A similar equation can be used to generate ePDCCH candidates by also jointly indicating the DMRS port based on the index of an eCCE composing an ePDCCH candidate. It is UE-dependent which eCCE composing an ePDCCH determines its DMRS port. 
Figure 2 shows an example of Option 2. For aggregation level 1, the DMRS port mapping rule is similar to Option 1. For aggregation level 2, on the other hand, different groups of UEs will be assigned different DMRS ports. This example enables MU-MIMO of ePDCCHs by transmitting two ePDCCHs on a same pair of eCCEs with different DMRS ports. Even though this alternative supports MU-MIMO, it does not mandate the system should support MU-MIMO. Moreover, since the DMRS port is determined by the ePDCCH candidate, from UE’s perspective, MU-MIMO is transparent. 
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Figure 2: DMRS port mapping of Option 2.
· Option 3: The DMRS port is UE-specifically configured by higher-layers.

The eNB configures a UE to use a certain DMRS port in a given subframe. The UEs multiplexed in the same PRB pair must be configured so that they are using orthogonal DMRS ports. However, as UE scheduling and transmission of ePDCCHs are dynamic, a semi-static UE-specific port allocation will impose constrains on UE and ePDCCH scheduling and will increase blocking probability. For example, if a UE is configured a single DMRS port per PRB pair, UEs assigned with the same DMRS port cannot be scheduled in the same PRB pair. The benefit from this alternative should be clarified considering the signaling overhead. 
· Option 4: The DMRS port is determined by C-RNTI
This approach can save the signaling overhead in Option 3. Similar scheduling constraint in Option 3 still exists. To avoid such constraint, this alternative can be combined with Option 1 or Option 2. Note that C-RNTI is already part of the legacy search space. To obtain the benefit from Option 3, additional RRC signaling needs to be introduced. However, even if such benefit exists, it is already provided by Option 4. Any ambiguity issue during reconfigurations is the same for Option 3 and Option 4. 
In summary, Options 1 and 2 indicate the DMRS port implicitly, the DMRS allocation is eCCE or ePDCCH candidate dependent, and no additional signaling overhead is needed for DMRS port configuration. Option 3 introduces additional RRC signaling which is unnecessary. Option 4 is similar to legacy design based on CRS but on its own has scheduling constrains. However, it can be combined with Option 1 or Option 2. It is thus proposed that either Option 1 or Option 2, together with Option 4, be adopted for DMRS port determination. It should be also noticed that Option 1 cannot support MU-MIMO while the other alternatives can support MU-MIMO by choosing the ePDCCH candidates occupying the same group of eCCEs while using different DMRS ports. The DMRS antenna port may additionally depend on other parameters, such as the PRB pair index, for further randomization within a subframe.
Proposal 3: Adopt UE-specific DMRS for localized ePDCCHs

Proposal 4: For localized ePDCCHs, the DMRS antenna port is implicitly determined from an eCCE (or ePDCCH candidate), C-RNTI, PRB pair index, etc.
3 DMRS resource configuration
In addition (and prior) to the DMRS port indication for localized ePDCCH transmissions, a UE needs to know how many DMRS ports/resources are configured in the PRB pair for rate matching.

Assuming four eCCEs per PRB pair in case of localized ePDCCHs, there are three alternative methods for a UE to make a DMRS resource assumption:

· Method 1: A UE always assumes antenna ports 7-10 are configured in an ePDCCH PRB pair with power boosting  from port muting
When ePDCCH with aggregation level 4 (or 8) is transmitted and only one DMRS port, e.g. port 7, is needed, the system mutes the REs for DMRS port 8-10. The power saved from port muting can be used to boost the DMRS port 7 power by 6 dB, or to boost the ePDCCH payload REs in the same OFDM symbols, or to boost both DMRS REs and ePDCCH payload REs in the same OFDM symbols.
· Method 2: A UE always assumes antenna ports 7-10 are configured in an ePDCCH PRB pair with port bundling  for aggregation level 4 (or 8)
There is another option that the system mandating that port 9 transmits the same signaling as port 7, and port 10 transmits the same signaling as port 8, when only port 7 or 8 is needed for ePDCCH transmission. It is up to the UE implementation to utilize the replica port.

· Method 3: A UE assumes the number of antenna ports depending on the aggregation level the UE assumes in the blind decoding  

A UE assumes ports 7-10 are configured when blindly decoding ePDCCH with aggregation level 1 or 2; A UE assumes only ports 7 and 8 are configured when blindly decoding ePDCCH with aggregation level 4 (or 8, aggregation level 8 is also supported for localized ePDCCH transmissions). When ePDCCH with aggregation level 4 (or 8) is transmitted and only one DMRS port, e.g. port 7, is needed, the DMRS power of port 7 can be boosted by 3dB.

[image: image8.emf]Method 1 Method 3

AL=1 or 2

AL = 4 or 8

DMRS ports7,8 DMRS ports9,10 Muted REs

DMRS port 7with boosted power per RE

Method 2


Figure 3: DMRS resource configurations.
Performance of Methods 1, 2, and 3 was compared in [2] and was found to be comparable. However, Method 1 leads to inter-cell interference due to the power boosting and results in performance degradation of interfered PDSCHs. Therefore, we propose to select either Method 2 (port bundling) or Method 3 (aggregation-level dependent DMRS overhead). 

Proposal 5: Adopt either Method 2 (port bundling) or Method 3 (aggregation-level dependent DMRS overhead) in assuming DMRS resources.

4 Use of 16QAM

In order to increase the ePDCCH capacity, introduction of 16QAM as an ePDCCH modulation scheme was suggested [3-5]. Since 16QAM can transmit 4 coded bits per RE, it can improve the ePDCCH spectral efficiency if the channel quality is good enough. 

In the legacy PDCCH design, only QPSK is allowed so that the eNB can borrow the power of unused or low power assigned REs for a PDCCH as illustrated in Figure 4. This power borrowing enables high flexibility in eNB’s power assignment to downlink control channels and leads to high utilization of transmission powers. Since QPSK does not require the amplitude reference, the power borrowing can be done transparently.   

On the other hand, the amplitude reference is necessary for the receiver to demodulate 16QAM modulated signals. Because of this, the ratio of PDSCH EPRE to RS EPRE is specified for demodulation of 16QAM or 64QAM PDSCH [1]. Accordingly, if 16QAM is introduced for ePDCCH, the ratio of ePDCCH EPRE to RS EPRE is needed and the eNB should strictly follow the ratio in ePDCCH power allocation. This will restrict the flexible power borrowing and lead to low utilization of transmission power resources. 
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Figure 4: Example of power borrowing from unused REG in the PDCCH power assignment

Assuming Alternative 2 (Group-UE-specific DMRS based enhanced control signaling) for distributed ePDCCH transmissions, the eNB cannot adjust the DMRS EPRE based on ePDCCH EPRE since multiple UEs will use the same set of DMRS for the demodulation of their own ePDCCHs. Therefore, the ePDCCH power borrowing will not be allowed in distributed ePDCCH transmissions with 16QAM. 
Assuming Alternative 3 (UE-specific DMRS-based enhanced control signaling) for localized ePDCCH transmissions, the eNB can adjust the DMRS EPRE based on ePDCCH EPRE. However, the eNB still cannot borrow power from unused or low power assigned DMRS for the DMRS corresponding to a high-power ePDCCH. For example, let’s suppose a UE is to decode an ePDCCH on DMRS port 7 and the eNB does not transmit ePDCCH on DMRS port 8 in a PRB pair. Since DMRS port 8 does not need to be transmitted, the power for DMRS port 8 can be used for DMRS port 7 and this DMRS power borrowing can improve the channel estimation performance for the UE. However, if 16QAM is applied, then the DMRS power borrowing like Method 1 should be avoided because it will break the predefined ratio of ePDCCH EPRE to RS EPRE. If Method 2 or 3 is adopted, then this problem can be resolved.
Another aspect to consider is how 16QAM can provide the spectral efficiency gain. If the same aggregation levels are considered, then the gain from 16QAM will be from the channel coding gain by having a longer code block and therefore it will not be significant. If a new, smaller, aggregation level than 1 eCCE is defined for use with QAM16, system-level multiplexing gain can be expected. However, introduction of a smaller aggregation level may require revisiting several design issues. For example, if a new aggregation level of ½ eCCE is defined, then a PRB-pair can include up to 8 eCCEs and 8 orthogonal DMRS need to also be defined.

Proposal 6: Support QPSK as the only modulation scheme of ePDCCH. 

5 Conclusions

This contribution discussed the demodulation reference signals of ePDCCH. From the observations we’ve seen in this contribution, the following proposals are presented for RAN1’s discussion and decision:
· Confirm the working assumption saying that there are no cases where CRS is used for demodulation of the enhanced control channel. Further discussion is needed for MTC UEs.Adopt group-UE-specific DMRS (Alternative 2) for distributed ePDCCHs.
· Adopt UE-specific DMRS for localized ePDCCHs
· For localized ePDCCHs, the DMRS antenna port is implicitly determined from an eCCE (or ePDCCH candidate), C-RNTI, PRB pair index, etc.
· Adopt either Method 2 (port bundling) or Method 3 (aggregation-level dependent DMRS overhead) in assuming DMRS resources.
· Support QPSK as the only modulation scheme of ePDCCH.
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