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7.7 Quasi-co-located Antenna Ports

· 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.
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RAN1#70 Agreements:
Agreement:

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

CSI-RS

Agreement:

· For CoMP resource management 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}.

For CoMP resource management set:

· Alt.1

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

· Supported by: NSN, Nokia, Qualcomm, Mediatek, ALU, ASB

· Alt.2

· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt{ Received timing} 
· Observation: Alt.2 does not imply that RAN4 is invited to define specific RAN4 tests testing the sensitivity of RSRP estimation to the timing offset between CSI-RSRP resources and CRS for serving cell
· Supported by: Samsung, Ericsson, ST-Ericsson, Huawei, HiSi, LGE, Pantech, Fujitsu
Agreement: 
· A UE is expected to receive CSI-RS resources in the CoMP resource management set within a window of [-3;+3]us relative to reference timing

· The reference timing is the PSS/SSS/CRS timing of the serving cell

· RAN4 has studied the sensitivity of RSRP estimation wrt timing, and no significant performance difference was observed as a function of the timing offset wrt reference timing
· RAN1’s understanding is that CSI-RS ports shall not be assumed as quasi co-located wrt{ Received timing}
Measurement set:
· For CoMP measurement set: 
· Alt 1: 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}.
· Supported by: Ericsson, ST-Ericsson, Mediatek, Qualcomm, CATT, New Postcom, Motorola Mobility, Panasonic, Renesas, Intel, Samsung, Nokia, NSN, ALU, ASB
· Alt 2: within a CSI-RS resource, CSI-RS ports shall not be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
· Supported by: Huawei, HiSi, LGE, Hitachi, Fujitsu, Pantech, ZTE
Observations:

· The reason for support of Alt.2 is coherent JT

· Coherent JT may be achieved by Alt.1 with CSI-RS ports virtualization 

Agreement:

For CoMP measurement 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}.
Observations:

The Rel-10 UE behaviour wrt quasi colocation is expected to be the following:

· All RS ports may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, Received timing}

For a Rel-11 UE:

Observation: it is common understanding that a Rel-11 UE should be able to behave as a Rel-10 UE.
FFS in which cases the Rel-11 UE deviates from the Rel-10 behaviour

PSS/SSS vs CRS

Agreement:
PSS/SSS and CRS ports for a serving cell may be assumed as quasi co-located wrt {frequency shift, Received timing}.
PDSCH DMRS vs. CRS

Alt.1: a Rel-11 UE supports both the following behaviours for at least some of the following long term signal properties { delay spread, rx power, frequency shift, Doppler spread, Received timing }:

· PDSCH DMRS ports and CRS ports for the serving cell shall not be assumed as quasi co-located wrt the long term signal properties from the above list
· PDSCH DMRS ports and CRS ports for the serving cell may be assumed as quasi co-located wrt the long term signal properties from the above list
· FFS under which conditions the UE takes either of the above behaviours

· FFS which of the long term signal properties from the above list may be included in each of the above behaviours

Alt.2: a Rel-11 UE supports only the following behaviour:

· PDSCH DMRS and CRS ports for the serving cell shall not be assumed as respectively quasi co-located wrt { delay spread, rx power, frequency shift, Doppler spread, Received timing }

Agreement:
Alt.1 is the working assumption.
Observation:
Qualcomm accept to agree on Alt.1 under the condition that dynamic indication of the CSI-RS port(s) and/or CRS port(s) that are quasi co-located with DMRS is not introduced in Rel-11.

Still to be discussed:
PDSCH DMRS vs. CSI-RS

CSI-RS vs CRS

ePDCCH DMRS vs. CRS

ePDCCH DMRS vs. CSI-RS

ePDCCH DMRS vs PDSCH DMRS
Begin of Friday Morning Session

R1-123979
Summary of Offline Discussions on Antenna Ports Quasi Co-Location
Ericsson (ad-hoc session Chair)

Listed behaviors:
· A (Rel-10):

· CRS, CSI-RS and PDSCH DMRS are quasi co-located at least wrt {frequency shift, Doppler spread, Received timing, delay spread}

· Mediatek considers that {delay spread} should be excluded from the above list

· B:

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· CRS ports and CSI-RS ports shall not be assumed as quasi co-located wrt all properties

· CSI-RS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· C:

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· CRS ports and CSI-RS ports shall not be assumed as quasi co-located wrt all properties

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· Z belongs to the configured CoMP measurement set (i.e., it is configured as the NZP CSI-RS for at least one CSI process)

· Z is signaled by the DL scheduling grant by reusing the bits provided for CRS rate matching assumptions

· DCI format size is not increased for dynamic signaling of quasi co-location assumptions

· D:

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· CRS port(s) for cell X and CSI-RS ports belonging to CSI-RS resource Y may be assumed as quasi co-located wrt all properties

· X is RRC configured by indicating the corresponding VCID

· FFS any limitation on the values that may be taken by X

· CSI-RS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· E:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z and may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· Z belongs to the configured CoMP measurement set (i.e., it is configured as the NZP CSI-RS for at least one CSI process)

· Z is signaled by the DL scheduling grant by reusing the bits provided for CRS rate matching assumptions

· CRS port(s) for cell X and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt all properties

· X is RRC configured by indicating the corresponding VCID

· FFS any limitation on the values that may be taken by X

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties (with the exception of CRS for cell X, if such CRS are quasi co-located with CSI-RS resource Z, and Z is quasi co-located with the PDSCH DMRS)
Proposed WF (from R1-123979)

· Considering the RAN1 deadlines, the following is proposed:

· Discuss offline until Friday morning ad-hoc on AI7.7

· Aim at converge to a common proposal for the second UE behavior

· Discuss behavior selection mechanisms

· Editor’s suggestion for progress in Rel-11:

· Aim at converge on behavior C

· If TM10 is not introduced, assume for simplicity RRC configuration of the desired behavior

· Can be revised if TM10 is introduced

· The Editor’s proposal is motivated by:

· Larger support for behavior C as compared to B, D and E

· Lack of simulation results for impact of on CSI-RS estimation by CRS-CSI-RS quasi co-location

· Support for behaviors B/D/E is not precluded in a future release

----.-----

Agreement:

One of the behaviors supported by a Rel-11 UE is behavior A as described below:
A:

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located at least wrt {frequency shift, Doppler spread, Received timing, delay spread}
Agreement:

In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour

Clarification: B, C, D and E from (R1-123979) are each considered as a unique UE behaviour.
Agreement:

The second UE behaviour supported by a Rel-11 is the following:
· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit
· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4

Alt.1:

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· CRS ports and CSI-RS ports shall not be assumed as quasi co-located wrt all properties

Alt.2:
· CRS ports for the serving cell and CSI-RS ports may be assumed as quasi co-located wrt all properties

· Implicit signaling or RRC configuration defines the quasi co-location assumption between CSI-RS and CRS

· Quasi co-location assumptions between CRS and DMRS follow from the assumptions between CSI-RS/DMRS and CRS/CSI-RS

· In absence of other quasi co-location assumptions, CRS and DMRS shall not be assumed as quasi co-located
Conclusion:

· Companies are invited to submit a common proposal describing the details for Alt.2 to the Friday afternoon revisions session

· In case Alt.2 is agreed, the following agreement is reverted: “In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour”

· In case of lack of agreement on Alt.2, Alt.1 is confirmed.

Observation: the working assumption from Monday’s session on AI7.7 is not confirmed.

Other remaining outstanding issues:

-quasi colocation for ePDCCH DMRS

-details about signalling for quasi colocation between RS types

-example scenarios for RAN4

-LS drafting

