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1. Introduction
In RAN1#70bis meeting, the issue whether or not CRS-to-CSI-RS quasi co-location (QCL) assumption can be optionally configured in behaviour B by higher-layer was intensively discussed, but unfortunately due to the lack of discussion time the decision is deferred to RAN1#71 meeting. The related WF led by Nokia Siemens Networks and Nokia [1] was presented in the main session, where only DL serving-cell CRS can be QCL-assumed with a CSI-RS optionally by higher-layer as a compromise, as follows:
	WF on CSI-RS and CRS quasi co-location (R1-124649)  supported by Nokia Siemens Networks, Nokia, Samsung, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Qualcomm, MediaTek, LG Electronics, ZTE, Renesas
Design target:  UE performance in TM10 should be no worse than that of TM9.
· For TM1-9, 

· Behaviour A

· TM10

· Behaviour B if the PDSCH is scheduled by DCI-2C/D

· For Behaviour B:

· For each CSI-RS resource, the network can indicate by RRC signaling that at least CSI-RS ports and CRS ports of serving cell may be assumed as quasi co-located wrt the following properties 

· {Delay spread, Doppler spread, Doppler shift, Average delay}

· In the absence of the RRC signaling, CSI-RS ports and CRS ports shall not be assumed as quasi co-located wrt all properties




Since for TM1-9 the above WF is agreed, i.e., only Behaviour A is applied for TM1-9 [2], we discuss in this contribution the remaining issue regarding CRS-to-CSI-RS QCL assumptions in TM10.

2. Need for CRS-to-CSI-RS QCL signalling
2.1. Commonality with EPDCCH QCL Behaviours
In the email discussion [70bis-05], RAN1 agreed on the following EPDCCH Behaviours, relation to TMs, and some clarifications.
· Agreements:

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

· EPDCCH Behaviour A:

· All EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with CRS for the serving cell

· EPDCCH Behaviour B1:

· EPDCCH DMRS ports shall not be assumed as quasi co-located with any RS port, with the following exceptions:

· Within each distributed EPDCCH set: All EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource

· Within each localized EPDCCH set: All EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource

· In TM 1-9, behaviour A is supported

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

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

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

In the above agreements, RAN1 already decided that EPDCCH DMRS in TM10 can be QCL-assumed with either serving-cell CRS (for EPDCCH Behaviour A) or a CSI-RS (for EPDCCH Behaviour B1) by higher-layers. This means in TM10 a UE should be able to utilize at least the QCL assumption between its serving-cell CRS and (EPDCCH) DMRS. Since EPDCCH DMRS and PDSCH DMRS obviously may exist in the same subframe, there is no reason to exclude the optional configurability of DL serving-cell CRS to be QCL-assumed with a CSI-RS for PDSCH behaviour B as well. 

Observation 1:  Considering that RAN1 already decided EPDCCH DMRS in TM10 can be QCL-assumed with at least serving-cell CRS, it is natural and desirable that the optional configurability of QCL assumption between at least DL serving-cell CRS and a CSI-RS is supported as well.
2.2. Design target of TM10 no worse than TM9
In TM9, a UE is allowed to utilize the QCL assumption between serving-cell CRS and a scheduled DMRS, based on Behaviour A agreed for TM1-9. Even if the TM for this UE is changed to TM10, the UE performance in receiving PDSCH from its serving-cell should be no worse than that of TM9, as long as the UE’s serving-cell is not changed. In other words, for TM10 it is natural and desirable that the UE performance should remain at least the same as that for TM9 with respect to the reception performance of its serving-cell PDSCH unless the UE’s serving-cell is changed, so that the enhanced TM10 is developed as least no worse than the previous TM9.
Observation 2:  The enhanced TM10 should be developed no worse than the previous TM9, as least for maintaining QCL assumptions between serving-cell CRS and PDSCH DMRS as long as the serving-cell is not changed.
2.3. DMRS performance aspect for at least frequency offset
There have been intensive discussions on whether DMRS-based demodulation performance is adequate or not under the QCL assumption of DMRS with a CSI-RS (excluding CRS for the QCL assumption), and some simulation results show CSI-RS cannot guarantee satisfactory performance for QCL properties, e.g., in [3], [4], [5] to name a few. Especially for frequency offset, it has been proved in the evaluation results of NCT studies that the performance of CSI-RS based estimation is much worse than CRS based estimation such that the CSI-RS itself cannot guarantee the adequate frequency tracking.
Based on these identified facts, we believe the LTE specification in Rel-11 should include a safe means to avoid evident performance loss compared to existing TM9, which can be simply guaranteed by introducing the optional RRC configuration of QCL link between at least serving-cell CRS and a CSI-RS. Since this RRC signaling is optional, the ones who want to only rely on CSI-RS can always set the behaviour B solely based on CSI-RS-to-DMRS QCL assumptions.  But, for the better performance (or at least the same performance) compared to TM9, it should be configurable to additionally set the behaviour B including CRS as well.
Observation 3: CSI-RS itself cannot guarantee satisfactory performance for QCL properties, especially for frequency offset based on the evidence by the evaluation results of NCT studies as well.
2.4. Commonality with the case of DCI format 1A
In RAN1#70 meeting, RAN1 has already agreed on PDSCH DMRS scrambling seed when scheduled by DCI format 1A as follows:

Agreement:

· There is no change to PDSCH DMRS scrambling seed if it is scheduled by DCI format 1A in MBSFN subframes (equals to PCI)
This agreement implies the PDSCH DMRS scheduled by DCI format 1A is always generated by serving-cell’s physical cell-ID (PCI), in which the background motivation of this decision is the fallback PDSCH transmission from the UE’s serving-cell. Thus, in this case the serving-cell’s CRS (generated with PCI) can be always utilizable for QCL assumptions when the fallback PDSCH is scheduled by DCI format 1A, where more elaborated discussion can be found in our companion contribution [6]. So, this means Rel-11 UE may utilize CRS for QCL assumptions to DMRS at least for DCI format 1A, thus there is no reason to prevent the CRS usability only for DCI format 2D.

Summarizing, the usability of CRS for QCL assumptions is already agreed to be introduced for EPDCCH behaviour A (which is RRC-configurable in TM10), and is also considered to be applied for DCI format 1A case (although the concrete decisions are to be made in RAN1#71 meeting). Therefore, we do not see a reason to exclude CRS-to-CSI-RS QCL signaling in Rel-11, at least for the consistency with other related decisions. 

Proposal 1:  Based on the identified observations, it is natural and desired that QCL assumptions between at least serving-cell CRS to a CSI-RS can be optionally signaled by higher-layers.

3. Conclusion
In this contribution we discussed the need for CRS-to-CSI-RS QCL signaling. The following observations and a proposal were given based on the discussion:
Observation 1:  Considering that RAN1 already decided EPDCCH DMRS in TM10 can be QCL-assumed with at least serving-cell CRS, it is natural and desirable that the optional configurability of QCL assumption between at least DL serving-cell CRS and a CSI-RS is supported as well.

Observation 2:  The enhanced TM10 should be developed no worse than the previous TM9, as least for maintaining QCL assumptions between serving-cell CRS and PDSCH DMRS as long as the serving-cell is not changed.

Observation 3: CSI-RS itself cannot guarantee satisfactory performance for QCL properties, especially for frequency offset based on the evidence by the evaluation results of NCT studies as well.

Proposal 1:  Based on the identified observations, it is natural and desired that QCL assumptions between at least serving-cell CRS to a CSI-RS can be optionally signaled by higher-layers.
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