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1 Introduction

Many agreements were made at the RAN1#69 meeting on the quasi-co-located antenna ports (APs). However, some open issues still remain, such as [1]:
· Remaining FFS decisions on which combinations of antenna ports may be assumed by the UE to be quasi-co-located

· Possible signalling of quasi-co-location of different antenna ports. 

· Aim to agree an LS to RAN4.
In this contribution, we will discuss the above issues and provide our recommendations.
2 Combinations of quasi-co-located antenna ports
2.1 The necessity
In RAN1’s understanding, a CoMP UE may operate with a single FFT timing per receive antenna port to perform all CSI and demodulation related operations [2]. Further, at least for up to Rel-10, the UE may obtain FFT timing only by tracking the CRS from its serving cell. However, in CoMP scenarios, the data for a UE might be transmitted from one or more TPs in the CoMP cooperating set, e.g. for JT or DPS operations. Typically, data streams transmitted from different TPs will arrive at the UE with a timing offset. Such a timing offset may result in a significant performance loss, as pointed out by [3]. 

Therefore, it is necessary for a UE to obtain the correct FFT timings for all TPs before demodulation operation can be started. A straightforward way may be to track the timing via DMRS from all APs, which are designed to be orthogonal. However, since DMRS is not always available for a UE in the whole bandwidth, it may be difficult for the UE to capture the timing directly from its DMRS. One solution may be to inform UE the corresponding reference signals, from which it can obtain the correct FFT timing. Though, this method requires additional signalling overhead. 
An alternative is that UE may capture the timing from another AP that has the same large-scale properties as the target DMRS AP, which is also known as quasi-co-located antenna port. While the discussion on quasi-co-located APs is still ongoing, it has been agreed that if two APs are “quasi co-located”, the UE may assume that large-scale properties of the signal received from one antenna port can be inferred from the signal received from the other antenna port [2]. Therefore, we propose that:
Proposal 1: DMRS ports should be assumed to be quasi-co-located with other ports before the UE may derive timing from these ports for demodulation.
2.2 Targeted ports to combine with

The two candidate antenna ports associated with CRS and CSI-RS may be assumed to be quasi-co-located with DMRS ports.
CRS ports: In Rel-8/9/10, as UE always synchronizes with the serving cell by tracking the CRS, it seems reasonable to assume DMRS to be quasi-co-located with CRS ports for deriving timing. However, in CoMP Scenario 4, where all TPs in the cooperating set share the same cell ID, CRS are transmitted at the same REs from all TPs within the cell. In this case, the timings from CRS of different TPs can not be differentiated due to the superimposed received signal. Even for Scenarios 1/2/3, there could be colliding CRS from different TPs in the same cooperating set. Therefore, from timing perspective it is not possible to assume that CRS ports are quasi-co-located with DMRS ports.

CSI-RS ports: It is agreed that multiple non-zero power (NZP) CSI-RS resources can be configured to a UE. With the aid of NZP CSI-RS, it may be feasible to assume DMRS ports to be quasi-co-located with CSI-RS ports for timing derivation. However, the CSI-RS may be lack of a sufficient density for proper timing tracking as well as frequency synchronization purposes, as pointed out in [3]
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[4]. Suggestions from RAN4 would be required.
Proposal 2: DMRS ports should not be assumed to be quasi-co-located with CRS ports.
Proposal 3: DMRS ports may be assumed to be quasi-co-located with CSI-RS ports.
Proposal 4: The achievable time and frequency synchronization accuracy by employing CSI-RS should be further studied in RAN4.

3 Signalling of quasi-co-located antenna ports
Signalling is necessary in order to inform the UE of the quasi-co-located antenna ports before the UE can start demodulating the received data. Such signalling could be carried by high layer signalling (e.g. RRC) and/or PDCCH signalling (e.g. DCI). Typically, RRC signalling is used to carry the semi-static information for a UE, while the DCI can be used to carry the dynamically information. As discussed in [5], the hybrid signalling may strive for a good tradeoff between signalling efficiency and overhead. More specifically, CSI-RS ports configurations for a TP could be relatively static and thus is suitable for RRC signalling. On the other hand, the selection of proper CSI-RS ports with which the DMRS ports may assume to be quasi-co-located for a UE could be done in a dynamic manner, which renders the applicability of DCI.
An example of hybrid signalling for quasi-co-located antenna ports identification is shown in Table 1. Each TP in the CoMP measurement set that is configured to a UE would be associated with a CSI-RS resource and the corresponding CSI-RS ports information could be configured by RRC signalling. Then the dynamic indication of the quasi-co-located CSI-RS ports can be informed to a UE via DCI. Since it has been agreed that the size of the CoMP measurement set is 3, a 2-bit signalling can represent the 3 possible cases, as exemplified in Table 1. Furthermore, the new bits for quasi co-located antenna ports indication can be bundled with the bits for CRS pattern indication to reduce the signalling overhead, as discussed in [5]. By this way, the UE would know which CSI-RS ports could be assumed to be quasi-co-located for the sake of demodulation. For example, if the UE performs rate-matching on the CRS pattern of a particular TP (e.g. TP1), it would also be reasonable that the DMRS ports are assumed to be quasi-co-located with the CSI-RS ports of TP1.
Table 1: Quasi-co-located CSI-RS ports indication by DCI.
	TP Indication
	Description

	’00’
	CSI-RS ports of CSI-RS resource 1 configured by RRC

	‘01’
	CSI-RS ports of CSI-RS resource 2 configured by RRC

	‘10’
	CSI-RS ports of CSI-RS resource 3 configured by RRC

	‘11’
	Reserved


Proposal 5: New DCI bits can be defined to inform the quasi-co-location antenna ports.
Proposal 6: DCI bits used for indicating the quasi-co-location antenna ports can be bundled with the DCI bits used for rate matching purpose.
4 Conclusion

In this contribution, we discussed combinations of quasi-co-located antenna ports as well as the signalling of quasi-co-location of different antenna ports. Our proposals are summarized as follows:

Proposal 1: DMRS ports should be assumed to be quasi-co-located with other ports before the UE may derive timing from these ports for demodulation.
Proposal 2: DMRS ports should not be assumed to be quasi-co-located with CRS ports.
Proposal 3: DMRS ports may be assumed to be quasi-co-located with CSI-RS ports.
Proposal 4: The achievable time and frequency synchronization accuracy by employing CSI-RS should be further studied in RAN4.

Proposal 5: New DCI bits can be defined to inform the quasi-co-location antenna ports.

Proposal 6: DCI bits used for indicating the quasi-co-location antenna ports can be bundled with the DCI bits used for rate matching purpose.
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