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Discussion and decision 
1 Introduction 
In this contribution, we discuss the remaining issues on quasi co-located antenna ports. The progress from the last meeting is summarised below.
Baseline: For DM-RS for PDSCH:
· DM-RS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
Working assumption: For CoMP Resource Management (CRM) set:

· Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
Agreement: For CoMP measurement set (CM set), between CSI-RS resources:
· CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread, received timing} 
Agreement: For CoMP resource management measurement set, between CSI-RS resources:
· CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread} 
Issues of quasi co-location of antenna ports of the same type are first addressed, followed by that of the different types.
2 Quasi co-location of antenna ports of the same type
2.1 DM-RS 
Issue 1: For DM-RS for PDSCH, 

· FFS if Alt.2 is supported as UE behavior, where Alt 2 is:

· DM-RS for PDSCH may be assumed as quasi co-located within PRG wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}, 

· DM-RS for PDSCH may not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} 

· A common FFT timing may be used by the UE for reception of non quasi co-located DM-RS ports according to Alt.2

· FFS when the baseline UE behavior is applied.

The advantage for considering non-quasi co-located DM-RS between different PRGs is to enable frequency domain DPS. To gauge the potential gain of frequency domain DPS, system level simulations comparing time-domain DPS and frequency-domain DPS were performed for heterogeneous network scenarios with 4 low power nodes per sector and 10 low power nodes per sector. For frequency-domain DPS, a common rank is reported by the UE and applied for all the TPs transmitting in the same subframe since it is not possible to send rank feedback on an RBG basis. 
Our simulation results are presented in Table 1 and Table 2. It is observed that the frequency-domain DPS does not offer performance gain but instead incurs performance loss particularly to the cell edge throughput. This is mainly caused by the restriction on the rank reporting for the frequency-domain DPS scheme. We conclude that the gain of frequency-domain DPS doesn’t justify a change to the current baseline. 
Table 1: Simulation results assuming 4 low power nodes per sector

	
	Time-domain DPS
	Frequency-domain DPS

	UE-dropping
	C-AVG
	Edge
	C-AVG
	Edge

	Clustered 
	12.257
	0.076
	12.318

(Gain = 0.49%)
	0.073

(Gain = -3.95%)

	Uniform 
	9.398
	0.059
	9.313

(Gain = -0.91%)
	0.056

(Gain = -5.08%)


Table 2: Simulation results assuming 10 low power nodes per sector
	
	Time-domain DPS
	Frequency-domain DPS

	UE-dropping
	C-AVG
	Edge
	C-AVG
	Edge

	Clustered 
	17.472
	0.101
	17.244

(Gain = -0.30%)
	0.097

(Gain = -3.96%)

	Uniform 
	13.925
	0.093
	13.930

(Gain = 0.04%)
	0.087

(Gain = -6.45%)


Proposal 1: Confirm the current baseline for DM-RS for PDSCH as agreement:
· DM-RS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
Issue 2: What is the quasi co-location assumption for DM-RS for EPDCCH? 
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 2: 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, rx power, frequency shift, Doppler spread, Received timing}.
2.2 CSI-RS
Issue 3: Confirmation/revisit of the working assumption of CRM set:

· Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

· Working assumption might be revisited after study of different strategies for mapping of CSI-RS ports to TPs for CRM set
In our view, a one-to-one mapping of CSI-RS resource and TP is the typical mapping, which can be done even for CoMP-JT. The network also has the option of implementing CSI-RS ports virtualization over the CoMP-JT TPs such that the quasi co-location assumption of CSI-RS ports within a resource still hold. Hence we propose to confirm the working assumption from the last meeting. 
Proposal 3: Confirm the working assumption that for CRM set, CSI-RS ports within a CSI-RS resource may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}.
Issue 4: For CM set, what are the quasi co-location assumptions that the UE may make for CSI-RS ports within a CSI-RS resource?

Similar as the CRM set, there is typically one-to-one mapping of CSI-RS resource and TP. For CoMP-JT, CSI-RS virtualization can also be done. Hence, it is also our view that for CM set, CSI-RS ports within a CSI-RS resource may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}.
Proposal 4: For CM set, CSI-RS ports within a CSI-RS resource may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}.
Issue 5: For CRM set, more discussion needed regarding additional co-location assumptions for CRM set wrt receiver timing.

The alternatives to be discussed are:
Alt.1

· Between CSI-RS resources: CSI-RS ports may be assumed as quasi co-located wrt {Received timing} 

Alt.2

· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt {Received timing}

· A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources according to Alt.2
Although Alt 1 allows ports of all resources to share the same received timing, it doesn’t preclude UE from adjusting the received timing per resource if it wishes to. Alt1 is a viable option since according to RAN4 the CSI-RSRP measurement performance is not significantly impacted by received timing error up to +/-3us [3]. 
Alt 2 is aligned with the agreement for CM set, allowing a common UE behaviour in treating the CSI-RS resources in the CRM set and the CM set. The CSI-RSRP measurement performance is also more robust to timing error. From CSI-RSRP performance perspective, Alt 2 is slightly preferred. 
Proposal 5: Between CSI-RS resources of the CRM set, CSI-RS ports shall not be assumed as quasi co-located wrt received timing. A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources.
3 Quasi co-location of antenna ports of different types
3.1 CSI-RS and CRS

It was agreed in the last meeting that for CoMP measurement set (CM set), between CSI-RS resources, CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}. 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 of the CSI-RS resources. A simple way to resolve this issue is to associate each CSI-RS resource with a CRS resource in terms of the received timing. 
Issue 6: CSI-RS density is insufficient to derive accurate received timing of the CSI-RS resources. Associating each CSI-RS resource with a CRS resource can resolve this issue. 
Our proposal to handle Issue 6 is as follows:

· A CSI-RS resource can be assumed by the UE to be quasi co-located with a CRS port with respect to received timing if the virtual cell id of the CSI-RS matches with the cell id of the CRS, and their subframe offsets are also determined to be the same value. The cell ids of the CRS can be that of the serving cell or can be one of the detected/reported neighbouring cells.
· If the virtual cell id doesn’t match any known cell id, UE may assume that the corresponding CSI-RS resource is quasi co-located in terms of received timing with the CRS port of the serving cell.
Our proposal can address the need for all CoMP scenarios 1,2,3 and 4. For CoMP scenario 1,2,3, the virtual cell id of the  CSI-RS is normally the same as the cell id. This is also necessary for supporting Rel-10 legacy UEs. For CoMP scenario 4, the virtual cell ids of the TPs can either be the same as the serving cell in case the CSI-RSs are orthogonal in time or/and  frequency, or the virtual cell ids can be different for interference randomisation purpose in case the TPs’ CSI-RS REs overlap. In either case for CoMP scenario 4, the UE may assume the received timing for the CSI-RS to be the same as the CRS of the serving cell.
Proposal 6: A CSI-RS resource may be assumed quasi co-located with a CRS resource with respect to received timing if the virtual cell id of the CSI-RS matches with cell id of the CRS. If no match is found, UE may only assume quasi co-location in terms of received timing with the CRS port of the serving cell.
3.2 DM-RS and CSI-RS/CRS

It has been highlighted in the past meeting and also explained in details e.g. in [4] the issue of DM RS based channel estimation when the large scale properties of the channel cannot be derived from other reference signals.  For accurate measurement of large scale properties of the channel required for accurate channel estimation, wideband reference signals with sufficient number of samples are needed. 

It has been proposed [4] that the DM-RS can be linked with the CSI-RS so that the CSI-RS can be used as the reference for large scale properties measurement. Linking the DM-RS and the CSI-RS is natural since DL transmission is adapted according to CSI measurement based on the CSI-RS. 
Issue 7: Accurate large scale properties of channel cannot be derived from DM-RS alone. Quasi co-location relationship of each DM-RS resource with CSI-RS resources should be specified.  
Currently, the number of DM-RS resources is 2 and the 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 3.
Table 3: 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 4 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 4: 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 7: Quasi co-location assumption of DM-RS resource and CSI-RS is signalled by higher layer signaling. 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 4.
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: Confirm the current baseline for DM-RS for PDSCH as agreement:

· DM-RS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

Proposal 2: 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, rx power, frequency shift, Doppler spread, Received timing}.
Proposal 3: Confirm the working assumption that for CRM set, CSI-RS ports within a CSI-RS resource may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}.
Proposal 4: For CM set, CSI-RS ports within a CSI-RS resource may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, received timing}.
Proposal 5: Between CSI-RS resources of the CRM set, CSI-RS ports shall not be assumed as quasi co-located wrt received timing. A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources.
Proposal 6: A CSI-RS resource may be assumed quasi co-located with a CRS resource with respect to received timing if the virtual cell id of the CSI-RS matches with cell id of the CRS. If no match is found, UE may only assume quasi co-location in terms of received timing with the CRS port of the serving cell.

Proposal 7: Quasi co-location assumption of DM-RS resource and CSI-RS is signalled by higher layer signaling. 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 4.
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6 Appendix
DM-RS
Alt 1: 

· DM-RS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}, 

Alt 2: 

· DM-RS for PDSCH may be assumed as quasi co-located within PRG wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}, 

· DM-RS for PDSCH may not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} 

· A common FFT timing may be used by the UE for reception of non quasi co-located DM-RS ports according to Alt.2

Agreement:

· Alt.1 is the baseline UE behavior.  

· FFS if Alt.2 is supported as UE behavior.

· FFS when the baseline UE behavior is applied.

Observation: support to Alt.2 vs. Alt.1 depends on trade-off between performance gain with frequency selective DPS and impact on channel estimation due to the more restrictive quasi co-location assumptions of Alt.2 vs Alt.1. More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.

CSI-RS
Working assumption:

· For CRM set:

· Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

· Might be revisited after study of different strategies for mapping of CSI-RS ports to TPs for CRM set.

Observation:

More discussion needed regarding additional co-location assumptions for CRM set wrt receiver timing.

Agreement:

For CRM set and CM set:

Between CSI-RS resources:

· CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread} 
Agreement proposal: for CoMP measurements set decide between Alt.1 and Alt.2 below:

Alt.1

· Between CSI-RS resources: CSI-RS ports may be assumed as quasi co-located wrt{ Received timing} 

Alt.2

· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt{ Received timing}

· A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources according to Alt.2

Agreement:

For CM set, Alt.2 is agreed.

Observation:

More discussion needed regarding additional co-location assumptions for CRM set wrt receiver timing.

Aim to close the remaining issues at RAN1#70.
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