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1. Introduction

Introduction of CoMP feature in Rel-11 has provided new transmission scenarios, where the transmitted signal for UE may come from geographically separated antennas. In RAN1#67 meeting LS was sent to RAN4 informing possibility of such transmission scenarios in Rel-11 where antenna port may be flexibly mapped to geographically non co-located antennas. In RAN1#68bis meeting RAN1 has developed definition of “quasi co-located antenna ports” to reflect the transmissions from geographically separated antennas. In RAN1#69 and RAN1#70 some progress was made regarding identification the sets of RS antenna ports which may be assumed as quasi co-located and definition of quasi co-location signalling between CSI-RS and PDSCH DM-RS [1]. The remaining issues of reference signals antenna port quasi co-location are:
· e-PDCCH DM-RS antenna ports quasi co-location assumption and the need of quasi co-location signalling with other reference signals.
· CSI-RS, DM-RS and CRS quasi co-location signalling.
In this contribution we provide our views on these issues.
2. Discussion on e-PDCCH DM-RS antenna ports co-locating signaling
The impact of flexible CSI-RS and DM-RS antenna port mapping was well investigated for PDSCH [3],[4]. It has been found that non co-location assumption of DM-RS, CSI-RS and serving cell CRS typically results to non negligible performance degradation for PDSCH, especially when low SINR region is considered. The performance loss is explained by less accurate channel estimation, because UE has to consider some margin for LMMSE channel estimation filter in order to accommodate uncertainties in large-scale parameters of the channel. However as noted in [3],[4] the negative impact on PDSCH performance, can be almost perfectly eliminated, when co-location information with CSI-RS antenna ports is provided to the UE. Hence, it has been agreed at RAN1#70 meeting that co-location signalling between DM-RS and one CSI-RS resource of CoMP measurement set will be specified in Rel-11. In this case UE may use channel statistic measurements (e.g. timing offset) on CSI-RS for PDSCH DM-RS processing.
Similar to PDSCH, CoMP operation may be useful for e-PDCCH, which also relies on DM-RS. For instance, in CoMP scenario 4 it may be beneficial for an e-PDCCH to be transmitted from the nearest point, not transmitting CRS, e.g. to improve signal quality of e-PDCCH at the UE (see Figure 1). The other use case of CoMP on e-PDCCH is control channel offloading from one cell to another. As CRS and e-PDCCH DM-RS are transmitted from geographically non co-located antennas, some mismatch in second-order channel properties between serving cell CRS and e-PDCCH DM-RS may occur. In this case similar to PDSCH, e-PDCCH DM-RS may not be assumed as quasi co-located with CRS of the serving cell. 
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Figure 1: CoMP Scenario 4; CRS transmission from macro and e-PDCCH transmission from pico
Observation 1: 
· e-PDCCH DM-RS antenna ports can’t be assumed quasi co-located with CRS antenna ports of the serving cell w.r.t. all signal / channel properties.

As e-PDCCH is expected to operate at low SINR region the non co-location assumption with CRS or CSI-RS of the serving cell may introduce e-PDCCH performance loss similar to the performance loss observed for PDSCH DM-RS [3],[4] without co-location information. To demonstrate the impact on e-PDCCH performance, a link level analysis has been carried out for different e-PDCCH aggregation levels of {1,2,4,8} CCEs. Two LMMSE channel estimators were evaluated, which exploit different assumptions on the properties of the estimated channel:
· Uniform power delay profile (PDP) with maximum delay equal to the cyclic prefix length.
· Exponential PDP with the delay spread equal to delay spread of the channel.
The uniform PDP profile guarantees robustness of channel estimation procedure if any timing and channel PDP mismatches are present. Therefore the first LMMSE channel estimator should be used in the CoMP scenarios with non co-located DM-RS antenna ports. The second channel estimator should be used in the scenarios, where no timing and channel PDP ambiguities exist, or, in other words, when DM-RS co-location information is available at the UE. The simulation results for two considered cases are provided in Figure 2. 
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Figure 2: Performance of e-PDCCH for different channel estimation options
It can be seen that uniform PDP assumption has remarkable performance loss, especially for large aggregation levels, which typically define the coverage of e-PDCCH. Therefore, non co-location assumption for e-PDCCH DM-RS is not desirable and e-PDCCH DM-RS quasi co-location signalling with other reference signals should be considered for Rel-11. The following quasi co-location signalling options may be useful for e-PDCCH DM-RS processing:
· Co-location with CRS
· Co-location with CSI-RS resource of CoMP resource management set
· Co-location with CSI-RS of CoMP measurement (or CSI process)
Comparing the options above, co-location signalling with CSI-RS resource (the second and third bullets) seems to be more preferable as it provides co-location information for e-PDCCH DM-RS for all CoMP scenarios, while CRS option is only useful in CoMP Scenarios 1-3. Also the reuse of CSI-RS processing principles applied for PDSCH demodulation could minimize UE complexity. Note that co-location assumptions for e-PDCCH DM-RS may be different for UE-specific and common search spaces, distributed and localized e-PDCCH allocations. Therefore, independent signalling should be considered in these cases.
Proposal 1:
· Co-location signalling between CSI-RS and e-PDCCH DM-RS is supported in Rel-11.
· Quasi co-location signalling may be independently provided for UE-specific and common search spaces, distributed and localized e-PDCCH allocations.

To facilitate co-location signalling between CSI-RS and e-PDCCH DM-RS the RRC signalling of e-PDCCH configuration can be used. 

Proposal 2:
· Quasi co-location of e-PDCCH DM-RS with CSI-RS should be signalled via RRC layer.

3. DM-RS, CSI-RS and CRS co-location signaling

At RAN#70 meeting, to assist PDSCH demodulation at the UE, the co-location signaling between PDSCH DM-RS and CSI-RS resource of CoMP measurement was agreed. Potentially other reference signals can be also considered as co-location reference to improve PDSCH DMS-RS processing. For example, co-location with CRS was proposed at RAN1#70 meeting, which is realized by co-location of CRS to CSI-RS and CSI-RS to DM-RS. In this case, the following benefits are expected for PDSCH DM-RS processing:
· More accurate timing offset estimation.
· More accurate estimation second-order statistics of the channel (e.g. PDP).
The more accurate timing offset estimation on CRS is expected to be more pronounced for 1.4MHz channel, where the processing gain of CSI-RS is limited by 12 samples, comparing to 96 samples of CRS. However as most of the practical deployment scenarios assume wider transmission bandwidth (≥5MHz), the timing offset estimation on CSI-RS is not an issue as shown in [4]. Smaller subcarrier spacing of CRS also provides more accurate estimation of the frequency correlation of the channel (or PDP), which is typically used to derive the LMMSE estimation filters. The examples of estimated frequency correlations of the channels from CRS and CSI-RS are shown in Figure 3. It can be seen that CRS based estimation provides more accurate approximation of channel correlation function within a PRB.
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Figure 3: Correlation of the channel in the frequency domain for different RS types
To quantify the performance benefit due to more accurate estimation of the frequency correlation of the channel, link-level simulations were carried out for two cases: CSI-RS based and CRS based PDPs. The simulation results are provided in Figures 4-5 for EVA-5Hz and ETU-5Hz channel models respectively. 
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Figure 4: TM-9/10 PDSCH throughput performance for different LMMSE estimation schemes in EVA channel model
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Figure 4: TM-9/10 PDSCH throughput performance for different LMMSE estimation schemes in ETU channel model
It can be seen that there is marginal PDSCH performance improvement from CRS co-location comparing to CSI-RS location signaling. The gains are limited to high SNR region and highly frequency-selective channels. Based on the observations above, the following proposal can be made:
Proposal 3:
· CRS should not be assumed as quasi co-located with DM-RS and CSI-RS. No co-location signalling between CRS and DM-RS, CSI-RS are specified.
4. Summary and conclusions

In this contribution we have discussed the remaining issues of antenna port quasi co-location definition. In particular it was observed that e-PDCCH DM-RS antenna ports can’t be assumed as quasi co-located with CRS antenna ports of the serving cell. Similar to PDSCH, it has been shown with help of link level analysis that co-location signaling may be useful for e-PDCCH. Therefore RRC based co-location signaling between CSI-RS and e-PDCCH DM-RS was proposed. It was also noted that such co-location signaling may be different for UE-specific and common search spaces, distributed and localized e-PDCCH allocations. Finally it was concluded that there is little benefit of co-location signaling between CRS and DM-RS, CSI-RS antenna ports.
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Appendix
Table 1: Link level simulation assumptions for e-PDCCH
	Parameters
	Assumption

	System bandwidth 
	10MHz, 50 PRBs

	Number of Tx Antennas 
	4 XX

	Number of Rx Antennas 
	2 +

	DCI payloads
	49 bits (excluding CRC)

	Feedback / Transmission mode 
	PUSCH 3-1; localized eCCE mapping

	Duplexing
	FDD 

	Channel Estimation
	LMMSE with exponential/uniform PDP assumptions

	Propagation Condition
	SCME low angular spread with 3km/h

	CP Length
	Normal

	Timing Error
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Table 2: Link level simulation assumptions for PDSCH
	Parameters
	Assumption

	System bandwidth 
	10MHz, 50 PRBs

	Number of Tx Antennas 
	2

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	Transmission mode 
	9, random rank-1 precoding

	HARQ 
	Chase combining, 4 Tx 

	MCS
	QPSK R=1/3,16QAM R=1/2

	Duplexing
	FDD 

	Timing estimation on CSI-RS 
	across 50 PRBs

	Timing estimation on DM-RS 
	within 1 PRB

	Propagation Condition
	EVA 5Hz, ETU 5Hz

	CP Length
	Normal

	Timing Error
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