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1
Introduction

In RAN1#70, several agreements were made related to quasi-colocation assumptions for RS of the same type as well as related to quasi-colocation assumptions for RS of different types. Also an LS response to RAN4 on the topic was sent in [1]. However, some aspects related to quasi-colocation assumptions for RS of different types remain open. In particular, it is open when the UE should assume the alternative quasi-colocation behaviour instead of the Rel-10 –type of behaviour. Furthermore, quasi-colocation assumptions related to EPDCCH DMRS are totally open.

2
Applicability of the alternative quasi-colocation behaviour
In RAN1#70, it was agreed that a Release 11 UE may support two different behaviours.

Agreement:

One of the behaviors supported by a Rel-11 UE is behavior A as described below:

A:

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}

In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour.
The second UE behaviour supported by a Rel-11 is the following:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4
It is not agreed when behaviour A is assumed and when the alternative (“second”) behaviour should be assumed instead. Obviously, the alternative behaviour is mostly related to CoMP and as such for instance implicit linkage of the alternative behaviour to having configured multiple non-zero-power CSI-RS resources to the UE would be one option. However, this would mean that in any envisioned scenarios that may involve usage of multiple non-zero-power CSI-RS resources, the UE shall not assume quasi-colocation between CRS and CSI-RS or PDSCH DMRS. The related performance loss might not be always justified even if multiple non-zero-power CSI-RS resources are utilized. Hence in order to allow more implementation flexibility, it would be better in our view to be able to explicitly configure the UE to assume the alternative behaviour, instead of associating it implicitly with for instance number of configured non-zero-power CSI-RS resources. However even in that case this explicit configuration should still be associated with transmission mode 10, i.e. configuration of the alternative behaviour should not be allowed in other transmission modes in order not to compromise the legacy implementations of Release 8-10 transmission modes. After all, UE can be configured with multiple CSI-RS resources only in transmission mode 10 and the quasi-colocation signaling between DMRS and CSI-RS will only be available in TM10. Hence it is natural to limit the alternative behaviour to transmission mode 10.
Proposal:
· In transmission mode 10, the UE can be configured to assume the alternative quasi-colocation behaviour.
· The configuration is based on explicit RRC signaling of the assumed quasi-colocation behaviour, and is only applicable in transmission mode 10.
3
Quasi-colocation of EPDCCH DMRS
Quasi-colocation of EPDCCH DMRS antenna ports 107-110 has not been discussed at all yet. The main issue related to EPDCCH DMRS is that unlike in case of PDSCH, in case of EPDCCH the allocation will always be very small and hence the number of samples that can be used for estimating the long-term channel statistics solely based on DMRS is extremely limited. Hence there should be no need for the UE to rely on DMRS-based estimation of long-term channel statistics prior to EPDCCH demodulation. On the other hand, spatial reuse of control channel resource is agreed as one motivation for introducing EPDCCH, hence CRS can not be taken as a reference for the long-term channel statistics either. Furthermore, obviously dynamic signaling can not be used similarly to PDSCH DMRS to indicate CSI-RS resource reference. 
Still, similarly to PDSCH DMRS, it would be highly beneficial both from EPDCCH performance and UE complexity point of view that the UE could utilize one CSI-RS resource as a reference for estimating the long-term channel statistics required for EPDCCH demodulation. Hence, our proposal is that as part of the EPDCCH configuration the UE may be configured by higher layers with a CSI-RS resource reference that can be used for estimating the long-term channel statistics for EPDCCH demodulation purposes. Note that this configuration would be only applicable when the UE is first configured to assume the alternative quasi-colocation behaviour, i.e. that CRS can not be assumed quasi-colocated with CSI-RS and DMRS. In section 3.1, we present link simulation results showing the BLER performance benefit of introducing a CSI-RS resource reference.
Another question is then whether all EPDCCH DMRS can be assumed quasi-colocated within a subframe. In principle it could be envisioned that for instance DL and UL grants that are transmitted in different PRB pairs could be transmitted from different transmission points. Another example could be that EPDCCH DMRS corresponding to different EPDCCH sets might be transmitted from different transmission points. Such arrangements could be considered provided that clear benefits are shown and that there is always a valid CSI-RS resource reference that the UE can utilize for aiding the EPDCCH DMRS –based demodulation. On the other hand it was already agreed that for EPDCCH resource mapping, the UE will need to be aware of the cell ID of the transmitting point, hence such operation would only be applicable under the serving cell anyway. As such, there seems to be no strong motivation to enable dynamic point selection for EPDCCH, considering the abovementioned limitations.
Proposal:
· DMRS antenna ports 107-110 may be assumed quasi-colocated with antenna ports 15-22 according to higher-layer signaling with respect to delay spread, received timing, Doppler spread and frequency shift.
· UE is signalled via higher layers which configured non-zero-power CSI-RS resource is taken as the reference.

· This applies only when the UE is configured to assume the alternative quasi-colocation behaviour, otherwise the UE may assume quasi-colocation between CRS and EPDCCH DMRS (“behaviour A”).
3.1
Simulation results

In order to see the effect on EPDCCH performance from estimating the long-term channel statistics, a link-level study was conducted. The effect is examined through BLER performance, assuming a localized EPDCCH configuration. For demodulation, the received signal timing and channel delay spread were estimated either from the associated CSI-RS resource or from the EPDCCH DMRS. As an ideal performance reference, an additional simulation was run with perfect timing knowledge and a fixed setting of channel delay spread matching to the applied channel model. A timing offset is assumed; the received signal is delayed by 1µs compared to the FFT timing in the receiver. Such a delay does not cause ISI, as the FFT window still collects signal energy within only a single OFDM symbol because of the relatively low delay spread of the serving radio channel (EPA).
The simulation results for DCI format 1A are given in Figure 1. A similar comparison can be found in Annex A for DCI format 2C. The simulation assumptions are given in Annex B.
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Figure 1: EPDCCH BLER for DCI format 1A

From the results in Figure 1, it is observed that CSI-RS based estimation of the long-term channel statistics gives almost the same BLER performance as the ideal reference. DMRS based estimation suffers a loss of up to 1 dB at 1%-BLER point, depending on the aggregation level.

The performance difference of CSI-RS and DMRS based estimation is the largest in the case of aggregation level 4, where the DMRS estimation is confined to a single PRB pair, and the operating SNR is lower compared to aggregation levels 1 and 2. Acquiring a reliable timing estimate is very difficult from the available DMRS samples. The receiver may over-compensate the timing offset, which leads to detrimental frequency-domain phase rotation in channel estimation. A similar observation of differences between CSI-RS and DMRS based estimation has been made also for PDSCH in our RAN4 contribution [3]. The accuracy of DMRS based long-term channel statistics is worse compared to the CSI-RS based method in the low-SNR region.
Based on the observations, it can be concluded that when a CSI-RS reference is available for the estimation of the long-term statistics of the radio channel, a steady EPDCCH demodulation performance is obtained throughout the aggregation levels. Without the CSI-RS reference, a loss of up to 1 dB at 1% BLER point is observed.
4
Conclusions
In this contribution we have discussed some of the remaining issues on quasi-colocated antenna ports. Our proposals are summarized as follows:

Proposals:

· In transmission mode 10, the UE can be configured to assume the alternative quasi-colocation behaviour.
· The configuration is based on explicit RRC signaling of the assumed quasi-colocation behaviour, and is only applicable in transmission mode 10.
· DMRS antenna ports 107-110 may be assumed quasi-colocated with antenna ports 15-22 according to higher-layer signaling with respect to delay spread, received timing, Doppler spread and frequency shift.
· UE is signalled via higher layers which configured non-zero-power CSI-RS resource is taken as the reference.

· This applies only when the UE is configured to assume the alternative quasi-colocation behaviour, otherwise the UE may assume quasi-colocation between CRS and EPDCCH DMRS (“behaviour A”).
It is noted that our views on the quasi-colocation and CRS rate matching signaling in DCI are provided in [2].
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Annex A: EPDCCH BLER results for DCI 2C
A comparison of long-term channel statistics estimation for EPDCCH demodulation was conducted also for DCI 2C. The results are given in Figure 2:

	Aggregation level 1 N/A for DCI 2C
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Figure 2: EPDCCH BLER for DCI format 2C.
Annex B: Simulation parameters
The simulation assumptions are given in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	4x2, uncorrelated

	Channel model
	EPA

	UE velocity
	2.7 km/h

	Rx timing offset
	1µs delay wrt. FFT timing

	E-PDCCH configuration
	Localized PRB allocation, no FD-scheduling

	Feedback type
	Wideband 4Tx PMI

	Feedback delay
	8 ms

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE size
	27 REs (eCCE is formed by 4 eREGs)

	DCI format and payload
	· DCI 1A: 27 + 16CRC bits

· DCI 2C: 42 + 16CRC bits

	Number of allocated PRBs
	· 1 PRB for agg. levels 1, 2, 4

· 2 PRBs for agg. level 8 

	CSI-RS configuration
	4-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	DMRS configuration
	AP107 used, 24RE DMRS overhead assumed

	Channel estimation algorithm
	· CSI-RS: Realistic channel estimation

· DMRS: Realistic channel estimation

	Timing and delay spread estimation for EPDCCH demodulation
	· Ideal compensation / knowledge

· CSI-RS based

· DMRS based


