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1 Introduction
In [1], an LS was received from RAN1 on geographically separated antennas in RRH deployments. In [2], an LS response was received from RAN1 in response to RAN4’s request [2] for further clarification.

In our previous contributions [4] [5] , we provided analysis and potential performance impacts of non-quasi-collocated antennas for Rel-8/9/10/11 UEs. Our analysis included discussions on the same and different antenna port types (CRS, CSI-RS, DM-RS) and recommendations on timing offset, frequency offset, and power imbalance allowed among the same or different antenna port types.
In RAN1 #69, further progress has been made on this topic with several agreements. In this contribution, we provide updated views and proposals on quasi-collocated antennas, taking into account RAN1’s agreement from RAN1 #69.

2 Discussion
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 collocation between different signal types is yet to be decided in RAN1. 
In the following, we provide analysis and our views for each scenario.

2.1 CRS and CRS antenna port mismatch
It was decided in RAN1 that CRS may be assumed as quasi co-located by the UE. Therefore, no additional UE requirement needs to be defined in RAN4.
2.2 DM-RS and DM-RS antenna port mismatch
It was decided in RAN1 that DM-RS for PDSCH may be assumed as quasi co-located within a subframe. Therefore, no additional UE requirement needs to be defined in RAN4.
2.3 DM-RS and CRS antenna port mismatch

2.3.1 Tx and/or Rx timing offset

In general, it could be assumed that CRS and DM-RS are processed separately. However, since the UE may operate with a single FFT timing [3], it naturally requires the timing offset between the signals to be well within CP. Figure 1 shows the impact on the throughput of PDSCH relying on DM-RS for demodulation when DM-RS has certain timing offset w.r.t. CRS. Table 1 lists main simulation assumptions for the figures. 
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Figure 1: TM9 throughput with DM-RS having timing offset w.r.t. CRS

Table 1: Simulation assumptions for Figure 1
	System
	10MHz, 50RBs, 2GHz carrier frequency

	Antenna configuration
	2x2

	Channel
	ETU 5Hz

	PDSCH
	TM9, 50 RBs

	Timing
	Timing tracking based on CRS

Timing offset estimation based on DM-RS

	AMC
	Link adaptation with 10% BLER target for initial transmission, up to 4 transmissions.


In the simulations, the FFT timing is derived from CRS. Thus, ISI and ICI incur due to the timing mismatch between DM-RS and CRS. The figures show that the timing mismatch causes severe throughput degradation and saturation of throughput at high SNR. It is observed that at 20dB SNR, small throughput degradation occurs with +2usec timing offset, and over 40% throughput degradation occurs with -1usec timing offset. Overall, the throughput degradation is kept small over [-2usec, 0usec] range. Note however that the sensitivity to the positive and negative timing offset will in general be UE implementation specific, in particular, depending on the way the timing tracking and DM-RS based channel estimation is performed by the UE. For example, by simply shifting the FFT timing by -1usec, the timing offset range over which the UE’s throughput degradation is minimized would become [-1usec, +1usec]. So, such a UE implementation will allow for a timing offset of +/-1usec.
Note, however, that for channels with larger delay spread, larger margin in CP is needed to guard against the fast fading, hence more sensitivity to timing offset is expected. In this regard, only a small fraction of CP should be used to absorb timing difference between CRS and DM-RS. 
Here we’d like to point out that in the simulations the UE employed a timing offset estimator to estimate the offset between DM-RS and CRS and utilized the timing offset for channel estimation. Certain legacy UE implementations that ignore the timing offset may see further throughput degradation due to the additional impact on channel estimation. 
Observation 1: Legacy UE may suffer significant throughput loss with -1 usec timing offset between DM-RS and CRS.

Observation 2: UE implementation with an optimized FFT timing could achieve only a small performance loss with +/-1 usec timing offset between DM-RS and CRS.
From the above results and discussions it is seen to be necessary to limit the timing offset between DM-RS and CRS to a small value. For Rel-11 UEs, we propose to impose performance requirements that rule out UE implementation that is very sensitive to timing offset between DM-RS and CRS. There are two possible options:

Option 1: Define all Rel-11 TM9 UE performance requirements with +/- 1 usec timing offset.

Option 2: Define additional Rel-11 TM9 UE performance requirements with +/- 1 usec timing offset.
Among the two options we prefer the option 1 based on saving of test complexity.
2.3.2 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.
2.4 CSI-RS and CRS antenna port mismatch

2.4.1 Tx and/or Rx timing offset

In general, it could be assumed that CRS and CSI-RS are processed separately. However, since the UE may operate with a single FFT timing [3], it naturally requires the timing offset between the signals to be well within CP. The impact of the timing offset between CSI-RS and CRS is expected to similar to that between DM-RS and CRS. Therefore, we propose that the same requirement as in DM-RS/CRS is applied for CSI-RS/CRS. We propose that the timing offset between CSI-RS and CRS be kept within +/-1usec to minimize impact on Rel-11 UEs and that Rel-11 UEs be able to handle up to +/-1usec timing offset with graceful degradation. We propose to define test cases at +/-1usec to guard against bad UE implementation for Rel-11 UEs.
2.4.2 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.
2.5 CSI-RS and CSI-RS antenna port mismatch
2.5.1 Within CSI-RS resource

It was decided in RAN1 that within CSI-RS resource, CSI-RS ports may be assumed as quasi co-located. Therefore, no additional UE requirement needs to be defined in RAN4.
2.5.2 Between CSI-RS resources

2.5.2.1 Tx and/or Rx timing offset
With the timing offset between CSI-RS and CRS contained within +/-1usec, it is implied that the timing offset among different CSI-RS resources that the UE is required to monitor is bounded by +/-2usec. Thus, we propose that the timing offset between any two CSI-RS resources that the UE is required to monitor be kept within +/-2usec. 

2.5.2.2 Power imbalance

Large power imbalance is 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 power imbalance between CSI-RS resources.
2.6 DM-RS and CSI-RS antenna port mismatch
2.6.1 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. In general, it is expected that the choice of MCS, rank, and beam selection by eNB for PDSCH transmission from certain DM-RS antenna ports will be derived from the UE’s CSI reporting based on the same physical set (or a subset) of CSI-RS antenna ports as the DM-RS ports. In this regard, UE can expect that there should no timing offset between the DM-RS and its linked CSI-RS antenna ports (linked in the sense that the rate and beam selection for the DM-RS based PDSCH is derived from the feedback base on the CSI-RS). Even if there is a timing offset between the CSI-RS and DM-RS for some reason, the timing offset may 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. 
Based on the above, for RAN4 testing, we do not recommend additional UE requirements with CSI-RS and DM-RS antenna ports timing offset.
2.6.2 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.

For RAN4 testing, we do not recommend additional UE requirements with CSI-RS and DM-RS antenna ports power imbalance.
3 Proposal
We showed through DM-RS timing offset simulations that the UE may experience severe performance degradation even under a moderate amount of non-quasi-collocation. Therefore, for the scenarios where RAN1 identified as non-quasi-collocated, it is important for RAN4 to study the impact of the non-quasi-collocation in order to understand its impact on UE performance and to find the acceptable range of non-collocation that ensures minimal UE performance degradation. 

Proposal: for the cases that RAN1 identified as non-quasi-collocated, RAN4 should study the impact on UE performance, determine the range of non-collocation that the UE is able/required to handle, and introduce proper test cases.
4 Conclusions
In this contribution, we provided our views and proposals on quasi-collocated antennas, taking into account latest RAN1’s agreement. Our proposals are summarized below.

Proposal: for the cases that RAN1 identified as non-quasi-collocated, RAN4 should study the impact on UE performance, determine the range of non-collocation that the UE is able/required to handle, and introduce proper test cases.
Proposal for CRS to CRS

· No additional UE requirement needs to be defined in RAN4.
Proposal for DM-RS to DM-RS

· No additional UE requirement needs to be defined in RAN4.
Proposal for DM-RS to CRS

· We propose that the timing offset between DM-RS and CRS be kept within +/-1usec.  For Rel-11 UEs, we propose to impose performance requirements that rule out UE implementation that is very sensitive to timing offset between DM-RS and CRS, by defining all Rel-11 TM9 UE performance requirements with +/- 1 usec timing offset.
· If system performance gain is confirmed by RAN1, RAN4 could further study the UE performance impact due to DM-RS and CRS power imbalance.
Proposal for CSI-RS to CRS

· We propose that the timing offset between CSI-RS and CRS be kept within +/-1usec to minimize impact on Rel-11 UEs and that Rel-11 UEs be able to handle up to +/-1usec timing offset with graceful degradation. We propose to define test cases at +/-1usec to guard against bad UE implementation for Rel-11 UEs.
· If system performance gain is confirmed by RAN1, RAN4 could further study the UE performance impact due to CSI-RS and CRS power imbalance.
Proposal for CSI-RS to CSI-RS (within CSI-RS resource)

· No additional UE requirement needs to be defined in RAN4.
Proposal for CSI-RS to CSI-RS (between different CSI-RS resources)

· We propose that the timing offset between any two CSI-RS resources that the UE is required to monitor be kept within +/-2usec.
· If system performance gain of such scenarios is confirmed by RAN1, RAN4 could further study the UE performance impact due to power imbalance between CSI-RS resources.
Proposal for DM-RS to CSI-RS

· No new UE requirements are introduced with DM-RS and CSI-RS antenna ports timing offset or power imbalance.
5 References

[1] R4-116118 (R1-113610), “LS on Antenna Port Mapping onto Geographically Separated Antennas,” RAN1, 3GPP TSG RAN WG4 Meeting #61.
[2] R4-121116, “LS on Geographically separated antenna and impact on CSI estimation”, RAN4, 3GPP TSG-RAN WG4 Meeting #62
[3] R1- 121919, “LS response on antenna ports co-location”, RAN1, 3GPP TSG-RAN1 Meeting #68bis
[4] R4-121985, “UE Performance Impact Due to Geographically Separated Antennas”, 3GPP TSG-RAN WG4 #62, Qualcomm, Mar 2012.
[5] R4-123315, “Further analysis of the impact of non-collocated antennas”, 3GPP TSG-RAN WG4 #63, Qualcomm, May 2012.

PAGE  
6/6

