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1. Introduction
In [1], an LS was received from RAN1 on geographically separated antennas in RRH deployments. In [2, 3], analysis was provided on potential UE CSI feedback impact with this new deployment model. In [4], a reply LS was sent to RAN1 to request more information on the deployment scenario and potential impact on legacy UE was also pointed out. In this contribution, we provide further analysis on potential performance impacts for Rel-8/9/10/11 UEs.
2. Discussion
In this section, we discuss potential scenarios for geographically separated antenna ports in the same antenna port group and between different antenna port types (CRS, CSI-RS, DM-RS). For each pair of antenna types, we discuss the use scenarios, the impact of timing offset and power imbalance.
At RAN1 #69, the following was agreed: 

CRS may be assumed as quasi co-located by the UE wrt all long term channel properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} within the serving cell.
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}.  
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}.
· 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} 

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}.
· 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.
The co-location cases between different signal types are yet to be decided. 

We note that for the cases identified for geographically separated antennas, RAN4 should decide about the allowed differences in long term properties (differences the UE is required to handle).  
This specification could be done directly with stating the limits in the specification or indirectly, with test cases with test conditions set at the limits. These decisions would be made in RAN4. 
2.1. CRS-to-CRS antenna port mismatch

This case has already been decided. 
2.2. CSI-RS-to-CRS antenna port mismatch

2.2.1. Use scenarios

CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH. 
Since there is no association between CRS source and CSI-RS source, the CRS-to-CSI-RS co-location requirements apply irrespectively of the CSI-RS resource.  

2.2.2. Tx and/or Rx timing offset

In general, it could be assumed that CRS and CSI-RS are processed separately. However, since both signals pass through the same FFT engine, it naturally requires the timing offset between the signals to be well within CP. 

If system performance gain of such scenarios is confirmed by RAN1, RAN4 could further study the UE performance impact due to limited Tx timing offset between CSI-RS and CRS.

2.2.3. Power imbalance

It is well understood that eNB should have the flexibility of having different power offset between CRS and CSI-RS antenna ports. At the same time, large power imbalance is also known to lead to non-optimal AGC setting for weak signals.
If system performance gain of such scenarios is confirmed by RAN1, RAN4 could further study the UE performance impact due to CSI-RS and CRS power imbalance.
2.3. CSI-RS-to-CSI-RS antenna port mismatch

This case has already been decided. 

2.4. DM-RS and CRS antenna port mismatch

2.4.1. Use scenarios

CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH.

2.4.2. Tx and/or Rx timing offset

In general, it could be assumed that CRS and DM-RS are processed separately. However, since both signals pass through the same FFT engine, it naturally requires the timing offset between the signals to be well within CP. 

If system performance gain of such scenarios is confirmed by RAN1, RAN4 could further study the UE performance impact due to limited Tx timing offset between DM-RS and CRS. 
RAN4 could evaluate the feasibility of DM-RS based time tracking. If such an operation is not feasible then the allowed time offsets should be limited because of the impact of uncompensated phase rotation on frequency filtered channel estimates, especially in the case of RB bundling (PRGs). 

RAN4 may limit the UE requirements to a certain range of time offsets within which the existing FRC PDSCH demodulation requirements apply.
2.4.3. Power imbalance

It is well understood that eNB should have the flexibility of having different power offset between CRS and DM-RS antenna ports. At the same time, large power imbalance is also known to lead to non-optimal AGC setting for weak signals.

If system performance gain of such scenarios is confirmed by RAN1, RAN4 could further study the UE performance impact due to DM-RS and CRS power imbalance. RAN4 may limit the UE requirements to a certain range of imbalance within which the existing FRC PDSCH demodulation requirements apply.
2.5. DM-RS and CSI-RS antenna port mismatch

2.5.1. Use scenarios

Joint transmission from geographically separated antennas, that are mapped the DM-RS antenna ports directly.
2.5.2. Tx and/or Rx timing offset

In TM9 operation, a UE is expected to provide CSI-RS based CQI, PMI and RI, which leads to proper BLER over the reference resources. Timing offsets between the CSI-RS and DM-RS could lead to different channel and interference observations for CSI reporting and actual PDSCH decoding. In this case, even a good UE should not be expected to provide accurate prediction of DM-RS based decoding performance in the reference resources.

RAN4 may limit the UE requirements to a certain range of time offsets within which the existing FRC PDSCH demodulation requirements apply.  We do not recommend additional performance requirement definition with CSI-RS and DM-RS antenna ports timing offset. 
2.5.3. Power imbalance

It is common understanding that the eNB could adjust the DM-RS and PDSCH power independent of CSI-RS power for system performance optimization. 
UE performance requirements in RAN4 is based on the assumption that a UE could provide CSI-RS based CQI, PMI and RI, which leads to proper BLER over the reference resources. Power imbalance between the CSI-RS and DM-RS could lead to different channel and interference observations. In this case, even a good UE should not be expected to provide accurate prediction of DM-RS based decoding performance in the reference resources.

RAN4 may limit the UE requirements to a certain range of imbalance within which the existing FRC PDSCH demodulation requirements apply.  We do not recommend additional UE performance requirement definition with CSI-RS and DM-RS antenna ports power imbalance.

2.6. DM-RS-to-DM-RS antenna port mismatch
This case has already been decided. 
3. Conclusion 
In this contribution, we analyzed the deployment scenarios of geographically separated antennas and its impact on UE. 
We propose that for the use cases identified for geographically separated antennas, RAN4 should decide about the allowed differences in long term properties (differences the UE is required to handle).  
The detailed conclusions are summarized in the table below:
	
	
	CRS
	CSI-RS
	DM-RS

	CRS
	Scenarios
	Different number of CRS ports from macro and RRH for overhead optimization. 
	
	

	
	Tx/Rx Timing offset
	Quasi co-location
	
	

	
	Power imbalance
	Quasi co-location
	
	

	CSI-RS
	Scenarios
	CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH. 
	Single feedback for geographically separated antennas. 
	

	
	Tx/Rx Timing offset
	RAN4 could further study the performance impact and determine a range of time offsets within which the existing requirements apply. 

No new CSI requirements.
	Quasi co-location within resource
No co-location among resources
	

	
	Power imbalance
	RAN4 could further study the performance impact of large imbalances and determine a range of power offsets within which the existing requirement applies.
	Quasi co-location within resource

No co-location among resources
	

	DM-RS
	Scenarios
	CoMP scenario 4: Mobility procedure (measurements, paging, SI) based on CRS from macro or SFN of macro and RRH; CSI feedback based on CSI-RS from the RRH.
	DM-RS could potentially be served from different transmission point compared to CSI-RS. 
	Joint transmission from geographically separated antennas, that are mapped the DM-RS antenna ports directly. 

	
	Tx/Rx Timing offset
	RAN4 could further study the performance impact and determine a range of time offsets within which the existing requirements apply. No new UE demod requirements. 

No new CSI requirements. 
	RAN4 could further study the performance impact and determine a range of time offsets within which the existing requirements apply. No new UE demod requirements. 

No new CSI requirements. 
	Quasi co-location in subframe

	
	Power imbalance
	RAN4 could further study the performance impact of large imbalances and determine a range of power offsets within which the existing requirement applies.
	RAN4 could further study the performance impact of large imbalances and determine a range of power offsets within which the existing requirement applies. 
	Quasi co-location in subframe
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