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1 Introduction

In RAN1 #68, the following agreements were achieved for E-PDCCH design:
· 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 is not supported
And the following observation was made regarding the E-PDCCH design based on the above agreements:

· 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

This contribution discusses the potential solutions for DMRS indication and configuration issues raised in the above observation for localized E-PDCCH transmission.
2 DMRS Port Indication
Unlike the DMRS for PDSCH, which is configured by a corresponding DCI format, the DMRS-related configuration for E-PDCCH must be made in advance or assumed by the UE before the detection of E-PDCCHs. The DMRS-related configuration includes the DMRS port indication informing the UE which port(s) is/are associated with an E-PDCCH, the DMRS scrambling sequence, and the number of configured DMRS port resources.
For distributed E-PDCCHs, all UEs share the same set of DMRS ports. The number of configured DMRS ports depends on the transmission mode, such as TxD, intra-RB or inter-RB precoding cycling. There is no confusion for the UE to recognize the commonly configured DMRS.

For localized E-PDCCHs, unlike distributed E-PDCCHs, one E-CCE is confined within one PRB pair, and a PRB pair may carry multiple E-PDCCHs, each of which uses one (or multiple) orthogonal DMRS port(s). There are several alternatives for indicating to the UE which port(s) is/are assigned for its E-PDCCH detection:
Alt. 1: The DMRS port is determined depending on the E-CCE index/location in the configured E-PDCCH VRBs.
The E-CCEs can be jointly and continuously indexed so that those E-CCEs inside a PRB pair have continuous indices. For example, if a PRB pair includes 4 E-CCEs, 4 E-CCEs will be assigned with antenna ports 7~10 respectively according to their indices. This ensures that when 4 E-PDCCHs are multiplexed in the PRB pair, each of them will be exclusively allocated with an orthogonal DMRS port.
· In case of E-PDCCHs with multiple E-CCEs, Estimation of 4 DMRS ports to decode each of the 4 E-CCEs will be a burden to the UE and practically unnecessary. For example, in case of E-PDCCHs with aggregation level 4 (or 8, if aggregation level 8 is also supported for localized E-PDCCH transmissions), only one  E-PDCCH can be scheduled in a PRB pair. In this case, the UE who tries to decode rank-1 E-PDCCHs with aggregation level 4 (or 8, if aggregation level 8 is also supported for localized E-PDCCH transmissions) needs to estimate the channel response associated with one antenna port. The DMRS port(s) can be determined by the index of the starting E-CCE of an E-PDCCH 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 E-CCEs) of the E-PDCCH 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 E-CCE index/location based approach is illustrated in Fig. 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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Fig. 1: DMRS port mapping of Alt. 1.
Alt. 2: The DMRS port is jointly determined with the E-PDCCH 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 E-PDCCH candidates by also jointly indicating the DMRS port based on the index of an E-CCE composing an E-PDCCH candidate. It is UE-dependent which E-CCE composing an E-PDCCH determines its DMRS port. Fig. 2 shows an example of Alt. 2. For aggregation level 1, the DMRS port mapping rule is similar to Alt. 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 E-PDCCHs by transmitting two E-PDCCHs on a same pair of E-CCEs 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 E-PDCCH candidate, from UE’s perspective, MU-MIMO is transparent. 
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Fig. 2: DMRS port mapping of Alt. 2.
Alt. 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 E-PDCCHs are dynamic, a semi-static UE-specific port allocation will impose constrains on UE and E-PDCCH scheduling. 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. 
Alt. 4: The DMRS port is determined by UE-ID

· This approach can save the signaling overhead in Alt.3. Similar scheduling constrain in Alt. 3 still exists and can be even more serious depending on the detailed design. However, this alternative can be combined with Alt. 1 or Alt. 2.
In summary, Alt. 1 and Alt. 2 indicate the DMRS port implicitly, the DMRS allocation is E-CCE or E-PDCCH candidate dependent, and no additional signaling overhead is needed for DMRS port configuration. Alt. 3 introduces additional RRC signaling without having any identifiable benefit in practice. Alt. 4 on its own has  scheduling constrains but it can be combined with Alt. 1 or Alt. 2. It is thus proposed that either Alt.1 or Alt. 2, possibly together with Alt. 4, be adopted for DMRS port determination. It should be also noticed that Alt. 1 cannot support MU-MIMO while the other alternatives can support MU-MIMO by choosing the E-PDCCH candidates occupying the same group of E-CCEs while using different DMRS ports.
Proposal 1: The DMRS port for an E-PDCCH candidate is implicitly allocated without higher layer signaling.
3 DMRS Resource Configuration
In addition (and prior) to the DMRS port indication in the localized E-PDCCH transmissions, a UE needs to know how many DMRS ports/resources are configured in the PRB pair for rate matching.
Assuming four E-CCEs per PRB pair (localized E-PDCCHs), there are two alternatives for a UE to make a DMRS resource assumption:
Method 1: A UE always assumes ports 7-10 are configured in an E-PDCCH PRB pair. When E-PDCCH 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 thus saved from port muting can be used to boost the DMRS port 7 power by 6 dB, or to boost the E-PDCCH payload REs in the same OFDM symbols, or to boost  both DMRS REs and E-PDCCH payload REs in the same OFDM symbols  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 E-PDCCH transmission. And it is up to the UE implementation to utilize the replica port.
Method 2: A UE assumes ports 7-10 are configured when blindly decoding E-PDCCH with aggregation level 1 or 2; A UE assumes only ports 7 and 8 are configured when blindly decoding E-PDCCH with aggregation level 4 (or 8, aggregation level 8 is also supported for localized E-PDCCH transmissions). When E-PDCCH 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.
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Fig. 3: DMRS resource configurations.
The two described methods are basically the same when the aggregation level for the E-PDCCH candidate is 1 or 2, where transmission on all DMRS resources should be assumed When the aggregation level is 4 (or 8), E-PDCCH with rank 1 is transmitted and only one DMRS port is needed. Method 2 adapts the DMRS resource according to aggregation level of the E-PDCCH candidate so that the resources for DMRS ports 9-10 can be saved for E-PDCCH transmission in the case of aggregation level 4. On the other hand, in Method 1, the DMRS REs for ports 9-10 can be muted when an aggregation level 4 E-PDCCH is transmitted. It is thus possible that the DMRS power of port 7 is doubled compared to that in Method 2. Fig. 3 illustrates the configuration of Method 1 with DMRS boosting and Method 2.
In Fig. 4, the E-PDCCH BLER is compared between Method 1 with DMRS boosting and Method 2. As analyzed above, Method. 1 will have resource loss due to unutilized DMRS REs but this can be compensated by better channel estimation as the DMRS power of ports 7/8 is boosted by 3dB. Method 2 has the channel coding gain by utilizing the REs of DMRS ports 9-10 but there is less gain in channel estimation from DMRS power boosting. The performance tradeoff is shown in Fig.4 where the channel estimation gain is more significant for low SNRs and the coding gain is more dominant for high SNRs. The performance difference is less than a half dB. Performance wise, one may conclude that there is no significant difference between Method 1 and Method 2.
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Fig. 4 Performance comparison between Method 1 with DMRS boosting and Method 2 for aggregation levels 4 and 8.
However, the DMRS power, e.g. of port 7 in Method 1 is 3dB higher than that in Method 2, there is an issue that this boosted power will bring more interference to a neighboring TP on port 7, if port 7 is turned on in the victim RB as shown in Fig. 5. The victim PRB pair may carry either PDSCH or E-PDCCH from another TP. By assuming the neighboring interference is the dominant source of noise, the noise level on port 7 will be doubled for Method 1. 
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Fig. 5: Boosted interference on port 7/8 for Method 1 with DMRS power boosting.
Fig. 6 and Fig.7 illustrate the link level performance impact on a victim TP transmitting on port 7, when the noise/interference level on port 7 is boosted by 3dB. In Fig.6, rank-1 beamforming is assumed for PDSCH transmission under the ETU channel model. DMRS ports 9-10 are not turned on in this case and the resources are used for PDSCH transmission. It is observed that there is an around 0.5 dB loss due to the interference on DMRS port-7. If the victim PRB pair is also scheduled for E-PDCCH transmission, the performance loss is illustrated in Fig.7. The E-PDCCH of the victim TP is also configured according to Method 1 and 4 DMRS ports are always assumed. By boosting the DMRS interference by 3dB, the BLER of E-PDCCH suffers a performance loss of 0.5~1dB.
From the above observations, though Method 1 with DMRS boosting and Method 2 do not have significant difference in E-PDCCH BLER, Method 1 with DMRS boosting incurs more inter-TP interference due to the boosted DMRS power for aggregation level 4 (or possibly 8). However,, Method 1 has simpler mapping rule for system implementation when comparing to Method 2, as the system does not need to assume different mapping rules depending on aggregation level.
   Moreover, the interference from the boosted DMRS can be mitigated or avoided by another two alternatives of Method 1 as described at the beginning of this section, i.e., boosting the E-PDCCH payload power, or making port 9/10 as replicas of port 7/8. Boosting the E-PDCCH payload power can be an implementation issue if QPSK is used for E-PDCCH transmission. The complexity of eNB may slightly increase to implement such power boosting. In the latter alternative, it is up to the UE’s implementation to combine port 7 and port 9 DMRS for better channel estimation. Such an implementation can be as simple as an addition of the respective REs before the received DMRS is provided to the channel estimator. From an inter-TP interference standpoint, as the DMRS power for port 7 is now distributed into REs for both port 7 and port 9, no additional loss will be incurred. 
   It is suggested to investigate more into the listed candidate methods and alternatives on how the UE assume the amount of DMRS resources in an E-PDCCH PRB pair.
[image: image11.emf]-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1

10

-2

10

-1

10

0

2Tx*2Rx,ETU,PDSCH,MCS-2,6RBs,Rank-1

SNR(dB)

BLER

 

 

w/ boosted DMRS interference

w/o boosted DMRS interference


Fig. 6: Impact of boosted DMRS interference on PDSCH performance.
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Fig. 7: Impact of boosted DMRS interference on E-PDCCH transmission

Proposal 2: Further study the candidate methods on how the UE assume the amount of DMRS resources in an E-PDCCH PRB.

4 Conclusions

 This contribution considered the determination of AP(s) for localized E-PDCCH detection and the determination of the respective number of AP resources with the aid of link level performance comparisons among the potential alternatives. In conclusion, we propose:
Proposal 1: The DMRS port for E-PDCCH is implicitly allocated depending on the leading E-CCE index of an E-PDCCH candidate.
Proposal 2: Further study the candidate methods on how the UE assume the amount of DMRS resources in an E-PDCCH PRB.
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