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Discussion and decision 
1 Introduction 
In this contribution, we discuss the remaining issues on quasi co-located antenna ports. 
2 Quasi co-location of antenna ports of different types
2.1 CSI-RS and CRS

For CoMP measurement set (CM set), between CSI-RS resources, CSI-RS ports shall not be assumed to be quasi co-located. Recall that from the study of time and frequency tracking signal design for NCT, it was determined that the current CSI-RS density is not sufficient for acquiring accurate frequency and timing. Since the UE cannot assume CSI-RS ports between resources are quasi co-located, a method is required to assist the UE in acquiring sufficiently accurate received timing/frequency of the CSI-RS resources. It is also challenging for the UE to derive the other large scale properties such as the delay spread, Doppler shift and the Doppler spread that are important for accurate channel estimation. A simple way to resolve this issue is to associate each CSI-RS resource with a CRS resource.
Issue: CSI-RS density is not always sufficient to derive accurate the large scale properties w.r.t. the delay spread, Doppler spread, Doppler shift and the average delay. 
Observation: Stronger quasi co-location assumption between CSI-RS resource with CRS resource can resolve this issue. 

Our proposal to resolve this issue is as indicated in [1]:

· For each CSI-RS resource, the network can indicate by higher layer signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· The network can indicate a cell id based on which the UE may assume quasi co-location wrt all properties between all the CSI-RS ports of the CSI-RS resource and CRS ports associated with the signalled cell ID

· FFS  implicit signaling or explicit signaling of the cell id

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

In one example, implicit signalling is as follows:

· A CSI-RS resource can be assumed by the UE to be quasi co-located with a CRS port if the virtual cell id of the CSI-RS matches with the cell id of the CRS. The cell ids of the CRS can be that of the serving cell or can be one of the detected/reported neighbouring cells.

Quasi co-location cannot generally be assumed for CoMP scenario 4 since CRS can be transmitted in a SFN manner while CSI-RS can be transmitted only from a TP. Nevertheless, for CoMP scenario 1, 2, 3 as well as for scenarios without CoMP, the quasi co-location assumption of the CSI-RS ports and the CRS ports does typically hold. The demodulation performance will be unnecessarily degraded if the UE is not allowed to take advantage of such situation. A common denominator for the aforementioned scenarios is that the virtual cell id of the CSI-RS is normally the same as the cell id (as assumed by Rel-10 UEs as well), which can serve as the condition for quasi co-location assumption. However, for CoMP scenario 4, such condition alone is not sufficient as multiple TPs may be configured with the same virtual cell id. Therefore, additional higher layer signalling should be provided for each CSI-RS resource to indicate if quasi co-location assumption with the CRS is not allowed. 

Proposal 1: Agree on the WF R1-124019.
2.2 DM-RS and CSI-RS
Currently, the number of DM-RS resources is 2 and the maximum number of CSI-RS resources configured to the UE for L1 CSI feedback can be up to 3. A question of interest is how to indicate the CSI-RS resource that is quasi co-located with the DM-RS resource assigned for a subframe which may change from subframe to subframe as shown in Figure 1. 
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Figure 1: Quasi co-location assumption of DM-RS resource and CSI-RS resource over time
Additional bits can be introduced in the DCI format to indicate the linkage. 2 bits would be needed to address 3 resources. However, it is also possible to avoid the additional bits. To achieve this, higher layer signaling can first be provided to link each DM-RS resource with a CSI-RS resource .This implies that one of the DM RS resources may be linked with two CSI-RS resources as shown in Table 1.
Table 1: DM-RS resource and CSI-RS resource quasi co-location assumption signalled by the higher layer
	DM-RS Resource
	CSI-RS resource considered quasi co-located 

with the DM-RS resource

	DM RS resource 1
	CSI-RS resource 1

	DM RS resource 1 
	CSI-RS resource 2

	DM RS resource 2 
	CSI-RS resource 3


In the above example, since DM RS resource 1 has been linked with both CSI-RS resource 1 and 2 by the higher layer, additional signalling is required in the DCI format to identify the actual quasi co-located CSI-RS resource when DM-RS resource 1 is assigned. One simple approach to do this while keeping the DCI format size unchanged is to restrict this signalling capability only to the case of rank 1 transmission and reuse the NDI bit of the disabled transport block to indicate between CSI-RS resource 1 and 2. Table 2 shows how the rank, nSCID and NDI of the disabled transport block can be used to jointly indicate the quasi co-located CSI-RS resource.
Table 2: Indication of quasi co-located CSI-RS resource in the DCI format
	Rank
	nSCID value in the DCI format
	NDI of disabled transport block in the DCI format
	CSI-RS resource that is quasi co-located with the DM-RS assigned by the DCI format

	1
	nSCID=0
	0
	CSI-RS resource 1

	1
	nSCID=0
	1
	CSI-RS resource 2

	1
	nSCID=1
	Don’t care
	CSI-RS resource 3

	2
	nSCID=0
	N/A
	CSI-RS resource 1

	2
	nSCID=1
	N/A
	CSI-RS resource 2

	>2
	nSCID=0 (fixed)
	N/A
	CSI-RS resource 1


Proposal 2: Quasi co-location assumption of DM-RS resource and CSI-RS is signalled by higher layer signalling. If there are more than one CSI-RS resource that are linked to a DM-RS resource, joint rank, nSCID and NDI of the disabled transport block can be used to jointly indicate the quasi co-located CSI-RS resource as shown in Table 2.
As mentioned in the previous section, large scale properties estimation can be significantly improved if the CSI-RS and the CRS are also linked. If quasi co-location assumption between the DM RS and the CSI-RS is defined, the linkage of DM-RS with the CRS can also be formed (via linkage with CSI-RS). Linkage with CRS provides significant benefit to enhance the DM-RS based channel estimation performance.
3 Quasi co-location for EPDCCH DM-RS

As there are two different types of EPDCCH, namely distributed EPDCCH and localized EPDCCH, the situation with EPDCCH can be more complicated than that with PDSCH. To allow for network implementation flexibility, it is beneficial that the DM-RS for distributed EPDCCH may not be assumed to be quasi co-located with the DM-RS for localized EPDCCH. For example in CoMP scenario 4, it should be possible that distributed EPDCCH is transmitted in an SFN manner while localized EPDCCH is transmitted from a local TP. Similarly, the DM-RS for PDSCH may not be assumed quasi co-located with the DM-RS for EPDCCH. 

Proposal 3: DM-RS for PDSCH, DM-RS for distributed EPDCCH and DM-RS for localized EPDCCH may not be assumed as quasi co-located wrt to {delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
4 Conclusions
In this contribution, we discuss the remaining issues of quasi co-location of antenna ports and would like to propose the following:
Proposal 1: Agree on the WF R1-124019.
Proposal 2: Quasi co-location assumption of DM-RS resource and CSI-RS is signalled by higher layer signalling. If there are more than one CSI-RS resource that are linked to a DM-RS resource, joint rank, nSCID and NDI of the disabled transport block can be used to jointly indicate the quasi co-located CSI-RS resource as shown in Table 2.
Proposal 3: DM-RS for PDSCH, DM-RS for distributed EPDCCH and DM-RS for localized EPDCCH may not be assumed as quasi co-located wrt to {delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
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