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1
Introduction
In RAN1#70bis, colocation between CRS and CSI-RS was widely discussed resulting in two way forward documents [1]

 REF _Ref339132860 \r \h 
[2]. Also the linkage of different quasi-colocation behaviours to transmission modes was discussed. The following was agreed:

Agreement:

· For TM1-9, 

· Behaviour A

· Inform RAN2 that RAN1 is also discussing whether additional RRC signalling might be needed in TM10 to control the quasi-co-location behaviour; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

Focus RAN1 study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset. 

However, the quasi-colocation behaviour for transmission mode 10 was still left open. Furthermore it is open whether information about non-serving cell CRS could be signalled to the UE in case the CRS are could be assumed quasi-colocated with CSI-RS transmitted from the same cell.
In this contribution we discuss the open aspects and provide simulation results on different quasi-colocation behaviours as well as on the benefits of CRS colocation in terms of timing error, frequency error and power delay profile estimation.
2
Quasi-colocation between CRS and CSI-RS
The question of quasi-colocation behaviour in TM10 is mainly whether it should be possible to configure the UE to behaviour A instead of behaviour B, or whether the UE should always assume behaviour B. 
Transmission mode 10 brings CSI-IM resources and multiple CSI processes both of which may have use also in normal single-cell MIMO situations. In particular, one of the original motivations to introduce CSI-IM resources was pessimistic CQI due to CRS collisions. This applies also to single-cell transmission scenarios, and obviously the performance of TM10 in single-cell MIMO cases should be ensured.
It is noted that in an e-mail discussion following RAN1#70bis, the following was agreed regarding EPDCCH DMRS:

1.
Alt-1 (behaviours A and B1) are supported for EPDCCH. 

2.
In TM 1-9, behaviour A is supported

3.
In TM 10, it is RRC-configurable between behaviours A and B1

4.
For a UE with 1-CSI-process capability, a maximum of 1 NZP-CSI-RS resource can be configured in the CoMP measurement set

5.
All NZP-CSI-RS resources used for QCL assumptions are NZP-CSI-RS resources that are configured in the CoMP measurement set.

It would be natural to support similar functionality also for PDSCH. In section 2.1 we provide simulation results showing that behaviour A brings performance benefits over behaviour B in a single cell transmission case. Hence our view is that it should be possible to configure UE to assume CRS, CSI-RS and PDSCH DMRS colocated in a cell also in TM10.
While obviously the UE has to fulfil the performance requirements without CRS colocation (relying on CSI-RS and DMRS only) in CoMP situations with multiple CSI-RS resources relying on behaviour B, there are scenarios in which CRS colocation could bring performance benefits (as shown by simulations in section 2.1) such as CoMP scenarios 1-3. For instance an UE supporting also feICIC already has the capability to track timing and frequency of two neighboring cells and it would make sense to use that capability also for colocation purposes when possible in terms of deployment. Hence our view is that it could be beneficial to be able to indicate also colocation between CSI-RS and CRS when UE is configured with behaviour B. It is noted that in addition to the cell ID (frequency shift), also the number of antenna ports and the MBSFN subframe configuration of the neighboring cell would need to be indicated in such case, i.e. essentially the same information as for feICIC purposes. It is noted that taking advantage of such signaling should be an UE implementation option, i.e. not assumed by the performance requirements.
2.1
Simulation results
A multi-link simulation was carried out in order to study the performance difference between the two UE behaviours. The idea is to model two transmission points, and assign the CRS to one of the transmission points or alternatively use SFN-type CRS transmission. The DMRS-based PDSCH data transmission comes from a single transmission point in these simulations.
UE behaviour A is affected by the CRS transmission assumption, and behaviour B is immune to the differences in CRS colocation. In behaviour A, timing offset, frequency offset and DMRS filter parameters are estimated from the CRS. In behaviour B, timing offset and DMRS filter parameters are estimated from a reference CSI‑RS resource. Frequency offset is estimated from the DMRS. With both behaviours, the estimation and compensation are done post-FFT in frequency domain.
In the simulations, a timing offset of 1µs was assumed between the transmission points. In addition, a frequency offset of 100 Hz was assumed between the transmission points. The initial FFT timing was set such that ISI is avoided. The fine tuning of the timing is then done in frequency domain according to the given UE behaviour. The center frequency of the serving transmission point is shifted such that without any frequency offset compensation, UE would suffer a throughput loss.

Simulation results are given for EPA5 and EVA5 channels in Figure 1 and Figure 2, respectively.
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Figure 1: Single-point PDSCH transmission, EPA5 channel (low freq. selectivity).
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Figure 2: Single-point PDSCH transmission,  EVA5 channel (medium freq. selectivity).
It can be observed that if the CRS are quasi-colocated with the DMRS-based PDSCH transmission, UE Behaviour A gives equal or better throughput performance compared to the UE Behaviour B. In a low frequency selectivity channel, there are only minor differences in throughput, but in a medium selectivity channel, the Behaviour A gives a clearly better throughput performance. At highest, the difference in SNR is over 1 dB, or alternatively, up to 10% in throughput at a given SNR point.
It is also observed that UE behaviour A is only applicable when CRS and DMRS are quasi-colocated. In case the CRS are transmitted from another transmission point either completely or partially (SFN-type CRS), behaviour A should not be used. In the simulations, the applied frequency and timing offsets were moderate, but the effect on behaviour A performance was still quite severe.

However, in single-cell operation, UE behaviour A is applicable, as the CRS and DMRS are quasi-colocated. Enabling UE behaviour A in these deployments, will clearly have a positive impact on the throughput performance.
Observation:

-
When the CRS and DMRS are quasi-colocated, UE Behaviour A gives equal or better throughput performance compared to the UE Behaviour B. The difference is up to 10% in throughput at a given SNR point.
3
Conclusions

Based on our simulations and discussion in this paper, we have the following proposals:

Proposals:

-
In TM10, the UE quasi-colocation behaviour is RRC-configurable between behaviours A and B.
-
In case behaviour A is configured and also multiple CSI-RS resources are configured, all CSI-RS resources may be assumed quasi-colocated with serving cell CRS w.r.t {delay spread, Doppler spread, Doppler shift, average delay}.
-
In TM10, when UE is configured with behaviour B, consider the possibility of indicating to the UE information about CRS that may be assumed quasi-colocated with each CSI-RS resource.
-
Cell ID (frequency shift), number of antenna ports and MBSFN subframe configuration are required.
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Appendix A – Link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	4x2, low correlation

	Channel model / Doppler spread (Hz)
	EPA5, EVA5 (independent fading between the Tx-points)

	Number of Tx-points 
	2

	Path-loss to Tx-points
	Path-loss identical to both Tx-points

	PDSCH resource allocation
	3 PRBs

	Transmission scheme
	Closed-loop rank-1 transmission from a single Tx-point

	HARQ
	Enabled, up to 4 transmissions

	Codebook for CL-MIMO
	Rel-10 codebook for 4-Tx

	PMI granularity
	Wideband

	CQI granularity
	Narrowband

	PMI/CQI reporting delay
	8 ms

	PMI/CQI reporting periodicity
	5 ms

	Modulation and coding
	Link adaptation (OLLA enabled)

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

	CRS configuration
	2 CRS ports

	CRS colocation
	· CRS from serving point (collocated with DMRS)

· SFN-type CRS from both Tx-points

· CRS from the non-serving point

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1 (AP7)

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Channel estimation for demodulation
	DM-RS: Realistic channel estimation over 1 PRG, channel delay spread is estimated from either CRS (Behaviour A) or CSI-RS (Behaviour B)

	Considered time delays and frequency offsets
	A timing offset of 1 µs between the Tx-points. A frequency offset  of 100 Hz between the Tx-points

	Timing estimation for feedback
	Realistic timing estimation over CSI-RS for PMI feedback

	Timing and frequency estimation for demodulation
	1. Behaviour A: timing and frequency offset is obtained by realistic CRS estimation 
2. Behaviour B: timing is obtained from realistic CSI-RS estimation and DCI signalling, frequency offset is estimated from DMRS

	Simulation length
	50000 subframes


