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1. Introduction
Two UE behaviours of antenna port quasi-colocation assumption were defined in RAN1#70 meeting and informed to RAN2 in the LS [1]. The QCL behaviour was further discussed for different transmission modes in RAN1#70bis meeting, and the following were agreed:
Agreements: 

· 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. 
It is still undecided which QCL behaviour is assumed when a UE is configured in TM10. In this contribution, we discuss the assumption and signaling for the quasi-colocation behaviour in TM10 with different DCI formats.
2. Discussion
Quasi-colocation behaviour for PDSCH scheduled by format 2D in TM10
For PDSCH scheduled by format 2D in TM10, QCL behaviour B should naturally be supported for CoMP transmission. The discussion focused on whether behaviour A is also needed. It is clear that CRS can provide more accurate estimation on the large-scale properties due to higher density than other RS. Hence, if there are scenarios where quasi-colocation among CRS, CSI-RS and DMRS can be assumed, behaviour A is superior to behaviour B in performance and should be adopted. The possible scenarios are analyzed below.
· In RAN1#70bis meeting, it was agreed that the maximal number of CSI processes is a UE capability among {1, 3, 4} for TM10-capable UEs. For a UE with capability of 1 CSI process, or with capability of multiple CSI processes but configured with 1 CSI process, only single point feedback can be supported. In scenario 1-3, if the CSI-RS and DMRS are transmitted from the serving cell, behaviour A can be applied to these UEs as QCL assumption.
· In scenario 4, for UEs closed to Macro and configured with one CSI process, though CoMP is likely to be inapplicable, TM10 can still be configured to exploit UE-specific DMRS VCID for cell-splitting gain or exploit IMR for interference measurement. Then if the CRS is only transmitted from Macro, which is also the transmission point of CSI-RS and DMRS, all RS ports of the UE can be assumed to be quasi-colocated, and behaviour A can be applied.
It is found that assumption on behaviour A is reasonable in some scenarios. To avoid the potential performance loss by applying behaviour B when behaviour A is applicable, QCL behaviour A should be allowed for PDSCH scheduled by format 2D. During the email discussion on QCL behaviour of ePDCCH scheduled in TM10, configurable QCL behaviour between two behaviours similar to behaviour A and B was agreed. Considering the comparability of PDSCH and ePDCCH transmission, similar signaling can also be introduced for PDSCH scheduled by format 2D.. 
Proposal 1: QCL behaviour A and B are configurable by RRC signaling for PDSCH scheduled by format 2D in TM10.
Quasi-colocation behaviour for PDSCH scheduled by format 1A in TM10
Regarding the fallback scheme of TM10, different transmission schemes and corresponding QCL behaviours were proposed in the RAN1#70bis meeting [2][3]. For PDSCH scheduled by format 1A in USS in non-MBSFN subframe, whether CRS (port 0 or 0/1) or DMRS (port 7) based transmission is applied should be further discussed. The discussion on QCL here only impacts the assumption of DMRS based transmission. For simplification of UE implementation, the QCL behaviour which had been supported by UEs shall be reused as much as possible. Without PQI in DCI format 1A, two behaviours can also be defined with modification to the two behaviours in [1]:
· Behaviour A: the same as the behaviour A in [1].
· Behaviour B1: the same as the behaviour B in [1] except that the CSI-RS resource is not indicated by physical layer signaling but other signaling, e.g. RRC signaling.
In TM10, non-CoMP transmission is likely to be used for PDSCH scheduled by format 1A, while CoMP transmission can be performed for PDSCH scheduled by format 2D. Since the QCL assumption of CRS and CSI-RS will not be affected by the used DCI format in TM10, the QCL behaviour can be assumed to be similar for PDSCH scheduled by different DCI formats. That is, if behaviour A is applied for PDSCH scheduled by format 2D, the same behaviour A can also be applied for PDSCH scheduled by format 1A; If behaviour B is configured for PDSCH scheduled by format 2D, corresponding behaviour B1 can be assumed for PDSCH scheduled by format 1A. Hence, the QCL behaviour with format 1A should also be configurable and can follow the UE behaviour with format 2D. One NZP CSI-RS can be indicated via RRC signaling for QCL assumption between DMRS and CSI-RS when behaviour B1 is applied. A default NZP CSI-RS in the measurement set can also be considered without additional signaling, e.g. the NZP CSI-RS with the lowest index or the NZP CSI-RS included in a predefined RRC signaled set.
Proposal 2: The RRC signaling for QCL behaviour associated with format 2D is reused to configure the QCL behaviour associated with format 1A between behaviour A and B1, where B1 is a modified behaviour B using RRC signaling or implicit signaling for quasi-colocated NZP CSI-RS.
3. Conclusions

In this contribution, we discuss the QCL behaviour for PDSCH scheduled by different DCI formats in TM10. To fully exploit the available QCL assumption to improve the performance in different scenarios, both behaviour A and B should be supported in TM10. RRC signaling can be introduced to control the behaviour according to the practical scenario. Furthermore, single signaling can be applied to all DMRS based PDSCH transmissions in TM10, regardless of which DCI format is used. For PDSCH scheduled by format 1A, additional RRC signaling for quasi-colocated NZP CSI-RS is needed for behaviour B1 defined above.
Proposal 1: QCL behaviour A and B are configurable by RRC signaling for PDSCH scheduled by format 2D in TM10.
Proposal 2: The RRC signaling for QCL behaviour associated with format 2D is reused to configure the QCL behaviour associated with format 1A between behaviour A and B1, where B1 is a modified behaviour B using RRC signaling or implicit signaling for quasi-colocated NZP CSI-RS.
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