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Discussion/Decision
1
Introduction
It has been agreed that antenna ports 7~10, which are defined as 107~110 in the specification, are reused for EPDCCH transmission. Also, it has been agreed as a working assumption that the same scrambling sequence generator defined for PDSCH DM-RS is used for EPDCCH DM-RS. The following is captured as a working assumption in RAN1 #68bis chairman’s note [1]:  

Working assumption:
· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
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- Details of nSCID and X is FFS

In addition, the single antenna port for localized eCCEs demodulation within a PRB-pair is also remained as an open issue as seen in the following RAN1 #69 chairman’s note [2]:  
Agreement:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Therefore, in this contribution, we discuss on the DM-RS sequence configuration and the single antenna definition for multiple eCCE demodulation within a PRB-pair in order to finalize DM-RS design for EPDCCH.

2
Remaining DM-RS Issues
It has been agreed that the scrambling sequence generator adopted for PDSCH DM-RS is also used for EPDCCH DM-RS even though some parameters such as virtual Cell-ID (
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) are still FFS. 
As for the TM-10, two virtual cell-IDs configured by higher layer signaling will be used with dynamic indication via scrambling ID. The configurable virtual cell-ID has been adopated for PDSCH transmission with TM-10 to obtain area splitting gain since its quasi-orthogonal sequence provides better co-channel interference measurement between transmission points even in the same cell, thus beneficial for distributed RRH based network especially (a.k.a CoMP scenario 4). 
Considering that the control channel capacity enhancement in CoMP scenario 4 is one of the major motivations for the introduction of EPDCCH in Rel-11, it seems to be desirable to allow the configurable virtual cell-ID for EPDCCH as well as far as its specification impact and/or UE receiver complexity are acceptable. However, unlike PDSCH, the virtual cell-ID may not be indicated dynamically before the blind decoding attempts, thus requiring double number of blind decoding attempts if two virtual Cell-IDs are used when a UE is configured with TM-10. Since the total number of blind decoding attempts should be kept as the same as Rel-8, increasing blind decoding due to multiple virtual Cell-ID seems to be inadequate as it may reduce EPDCCH candidates, which results in higher blocking probability.
In RAN1 #70, it is agreed that a UE may be configured with multiple EPDCCH resource sets and the total blind decoding attempts should be the same as before and split to all configured EPDCCH sets. Therefore, if the virtual Cell-ID is configured independently for each EPDCCH resource set, multiple virtual cell-IDs may be used implicitly without increasing blind decoding attempts. Since the virtual cell-ID is not dynamically indicated, the 
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 may be fixed as either ‘0’ or ‘1’ always.
Proposal-1: a single 
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For the EPDCCH demodulation, antenna ports 107~110 have been defined in the specification which is equivalent to the antenna ports 7~10. Since the antenna port sets {107, 108} and {109, 110} are located in different CDM groups, either 12 REs or 24 REs occupied by the reference signal in a PRB-pair. As multiple DCIs could be multiplexed in the same PRB-pair, a UE may only monitor a subset of EPDCCH resources (i.e. eREGs or eCCEs) which are associated with a subset of antenna ports. Therefore, although a UE only use antenna port(s) {107, 108} or {109, 110}, the UE may not know whether the other antenna ports in different CDM-group is used for other UEs. Furthermore, even if a UE demodulates all EPDCCH REs in a PRB-pair with a single antenna port, the other antenna ports may be used for another UE with orthogonal RS for multi-user scheduling in spatial domain. Therefore, the RE locations for antenna ports {107, 108, 109, 110} should be reserved always irrespective of the number of antenna ports actually used in order to avoid any potential ambiguities.
Proposal-2: The RE locations for antenna ports {107, 108, 109, 110} should be reserved always in the PRB pair configured for EPDCCH.
It has been also agreed that a single antenna port is selected from associated antenna ports if multiple eCCEs within a PRB-pair need to be used for EPDCCH demodulation in localized transmission in order to reduce the channel estimation complexity while increasing channel estimation accuracy by avoding unnecessary power splitting to multiple antenna ports. Two alternatives have been proposed for the single antenna transmission as followings:
· Alt-1: no antenna port bundling
· a single antenna port is selected within the associated antenna ports and the exact details of selection of the antenna port is FFS

· Alt-2: antenna port bundling within a PRB-pair
· the same precoder is assumed for multiple antenna ports (i.e., port-107 and port-109) which is effectively the same as a single antenna port with doubling of number of DM-RS overhead within a PRB-pair.
In the section 3, the performance for these alternatives is investigated under various channel conditions. As shown in the simulation results, marginal channel estimation accuracy enhancement is observed from antenna port bundling when comparing with no antenna port bundling assuming that MMSE receiver is used. Moreover, the marginal channel estimation accuracy enhancement is even disappeared in BLER performance. Another aspect could be the advanced receiver such as MMSE-IRC since the antenna port bundling allows more samples for interference covariance matrix estimation. However, as discussed in [1]-[3], the MMSE-IRC receiver may not work properly with current EPDCCH design due to the different intra-cell interference level between DM-RS and EPDCCH REs. Therefore, the EPDCCH performance at this point only needs to be focused for baseline receiver.

In addition, the antenna port bundling requires additional filter coefficients which are based on 24 DM-RS REs for channel estimation since the antenna port bundling is seen as new DM-RS pattern from a UE perspective. Considering that the negligible performance gain from antenna port bundling is only achievable, the additional implementation complexity and specification efforts couldn’t be justified.

Proposal-3: antenna port bundling within a PRB-pair is not supported in Rel-11.
3
Simulation Results

In this section, we evaluate the performance of antenna selection alternatives mentioned in the section 2. For the EPDCCH transmission, closed-loop wideband beamforming is used with MMSE receiver. For the Alt-1, two cases such as 3dB boosting and no power boosting are evaluated. Further details of the simulation assumptions are available in the table 1.
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Figure 1. BLER performance according to the alternative schemes in ETU 3Km/h
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Figure 2. BLER performance according to the alternative schemes in EPA 3Km/h

From the figures 1 and 2, it is shown that the DM-RS power boosting provides gain especially in the low SNR region since the channel estimation accuracy in medium to high SNR region seem to be already enough without 3dB boosting. In addition, the negligible performance different is observed between Alt-1 with 3dB boosting and Alt-2.
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Figure 3. MSE performance according to the alternative schemes.

The figure 3 shows the normalized MSE performance for the channel estimation according to alternatives. As seen in the figure, the Alt-2 provides slight channel estimation gain as compared with that for Alt-1.
3
Conclusions

In this contribution, we discussed the remaining EPDCCH DM-RS issues and investigated the alternatives for single antenna transmission localized transmission. From the discussions and evaluations, we propose followings:
Proposal-1: a single 
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 is configured per EPDCCH resource set and 
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Proposal-2: The RE locations for antenna ports {107, 108, 109, 110} should be reserved always in the PRB pair configured for EPDCCH.
Proposal-3: antenna port bundling within a PRB-pair is not supported in Rel-11.
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Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2 with high correlation

	Number of CRS port
	2

	Feedback mode
	PUCCH Mode 1-1

	ePDCCH resource allocation
	Distributed within 8 PRBs

	Transmission schemes
	UE-specific/Random beamforming

	Channel models
	EPA and ETU

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	3

	DM-RS pattern
	Rel-10 (Port-7 and/or 9)

	DCI format for ePDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	1, 2 and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Chanel estimation
	Realistic
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