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1. Introduction
In RAN 4 #61 RAN 4 has received an LS from RAN 1 in [1] on the impact on possible power imbalance between geographically separate antenna ports over which the CRS and CSI-RSs are allocated. As an example RAN 1 discussed the impact of UE rank reporting in the scenarios where geographically separated antennas are considered and in particular where the received power from different CRS-ports of the cell has a large imbalance. In the LS [1] RAN 1 clarifies that, when developing advanced feature in the context of Rel-11 they do not assume any geographical co-location between ports, antenna ports transmitting cell-specific reference signals (CRS), UE-specific reference signals (DM-RS), and CSI reference signals (CSI-RS). In [2], a reply LS was sent to RAN1 to request more information on the main deployment scenarios which RAN 4 could consider during the study in order to limit the scope of the work. Moreover RAN 4 informed RAN 1 that a generic assumption of non collocation could impact certain legacy UE implementation which may assume RS ports co-location. 
Hence RAN 4 requested whether some assumption on collocation can be done.

In RAN 4 62bis RAN 4 received an LS from RAN 1  [3] which indicates that RAN 1 is currently discussing reference scenarios which RAN 4 can take as input for the definition of the performance requirements. Moreover they provided a new definition of collocation:
“If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the signal received from the first antenna port can be inferred from the signal received from the other antenna port”.

The “large-scale properties” mentioned in the above definition consist of some or all of;

· Delay spread 

· Doppler spread 

· Frequency shift

· Average received power 

· Received Timing

Moreover RAN 1 clarified that a single FFT timing per receive antenna port to perform all CSI and demodulation related operations can be considered, i.e. the signals/channels, even when non quasi co-located can be considered to be received within the CP.  

In this document we address the following points:

· possible quasi-colocation

· which parameters to consider as non quasi collocated and their impact.

2. Scenarios and possible co-location
In general it may be beneficial to allow deployment freedom and hence to allow CRSs, DMRS and CSI-RS ports to be non quasi co-located. However, excessive freedom may have detrimental effect on the UE performance level due to (and non limited to) for example limited accuracy on the measurements performed by the UE.

In the following we review possible assumption on quasi co-location.
RAN 4 is requested to define requirements to make sure that the UE does not make special collocation hypothesis under TEI11. Even though RAN 4 is requested to make sure that all Rel-11 UEs do not make special co-location hypothesis between the ports, it is recognized that the main scenarios which can be the basis for the definition of the requirements can be derived from Comp.

Under Comp study item, the main scenarios which were considered are reported in Figure 1-4 (Scenarios for macro in Figure 1 and 2 and Scenarios for Hetnet in Figure 3 and 4):
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Figure 1. Scenario 1














Figure 2. Scenario 2

[image: image2]
                     Figure 3. Scenario 3




 



Figure 4. Scenario 4

The proposal is  

Proposal 1: new tests should be defined by considering realistic scenarios derived from Comp. All Rel-11 UEs should be required to satisfy those requirements.
2.1. Co-location between RSs

In general interleaved MIMO deployments (such as indoor deployments) where CRS are sent from different sites are realistic scenarios. 
However, it should be noted that there are mobility procedures and RRM measurements for which the UE has the possibility to perform average across CRSs in order to improve the accuracy of the measurements (ex RSRQ). Additionally, the complexity of the UE channel estimation may be increased in case of non colocated CRS.
Hence, in order not to affect legacy terminals CRSs could be considered as co-located for the time being.

Under Comp, dynamic point selection or joint transmissions cooperation algorithms can be considered where the cooperation can be between sectors of the same node or of several nodes as in scenario 1 and 2 above or between macro and pico in scenarios 3 and 4 above. In general the network can signal to the UE the use of several CSI-RSs configurations, where each configuration is used by a different node. Hence, the assumption of non quasi co-located CSI-RS ports belonging to different configurations is considered to be realistic while CSI-RSs belonging to the same configurations should be considered to be quasi co-located to avoid possible impact on rank reporting (reduced rank), i.e.

Proposal 2: Consider a UE with several CSI-RS configurations and consider CSI-RS ports within a CSI-RS configuration to be quasi co-located.  The UE can not assume quasi co-location for CSI-RS ports belonging to different configurations. Moreover CSI-RSs can be non colocated w.r.t CRSs.

DMRSs carry the demodulation phase reference, i.e. the information about the precoder used by the node in order to allow the UE to correctly demodulate the received signal. 

In general the node which transmits data can be non collocated w.r.t the node that transmits control information (DM-RSs are non collocated with CRSs, e.g. in Scenario 4). Additionally DM-RS can be sent by a single node in case of DPS or all the points in case of JT,  or by a subset of points as for example in scenario 4 while CSI-RSs can be transmitted with different configurations from all the nodes. Note moreover that the UE should report CSI-RSs for all the configurations. This does not mean that necessarily all the DM-RSs ports and the CSI-RSs ports are non quasi co-located but the UE can not make any assumption on the association of points.

Hence it is a reasonable assumption to consider non collocated DM-RSs w.r.t CRS and non collocated DM-RSs w.r.t CSI-RSs. Moreover, since the precoder can be assumed to be the same across all the RBs within a Precoding Resource Block Group, all the DM-RSs ports within the PRB group can be considered to be collocated.

Proposal 3: Depending on the scenarios DM-RSs can be non collocated w.r.t CRS and/or CSI-RSs. However, the DM-RSs ports within the PRB group can be considered to be colocated.

Specific scenarios which need to be targeted in RAN 4 for the definition of the requirements are still under discussion/agreement in RAN 1.
3. Parameters for non quasi co-location

RAN 1 LS mentions that the hypothesis on quasi co-location means that the large scale properties of the channel associated to a point A can be inferred from the knowledge of the same parameters of the channel associated to a point B which is quasi colocated with point A.

The “large-scale properties” mentioned are:
· Delay spread 

· Doppler spread 

· Frequency shift
· Average received power 

· Received Timing
Additionally we consider frequency error.

This implies that when the ports are not quasi collocated, the above mentioned parameters should be set/estimated independently per group of collocated ports.
In the following we review the different parameters and we provide our view on how to set them in view of the definition of the tests.
3.1.1. 
Delay Spread

In general the delay spread can be different depending on the channel model considered for the test. If the nodes are non co-located the channel model considered should be different in order to make sure that the UE correctly estimate the delay spread independently for each node.
Initial simulation results show that the independent delay spread estimation per PRG only slightly degrade the performance.  As example Figure 5 shows the throughput vs SNR when a pratical delay spread estimator and SNR estimator is used per each PRG. In the plot we assume genie doppler estimator, no frequency shift or time delay.
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Figure 5. Throughput vs SNR  for ETU channel, No link adaptation 16QAM, R=0.5, FDD, BW=5MHz, 1x1 SISO case, port 7, 5 Hz Doppler.
 
The performance degradation of a wrong UE implementation which assumes common delay spread between the nodes/different PRGs should be assessed further before deciding whether there is the need to introduce more complicated test set up with different channel profile per node.

Moreover, the effect due to larger delay spread and coupled with possible other impairments has to be addressed.
Proposal 4: Study further the degradation of performance due to wrong UE implementation which assumes common delay spread for different nodes/different PRGs before deciding whether to introduce different fading profiles for different nodes.
3.1.2. 
Doppler Spread

The Doppler spread is mainly linked to the speed of the UE (coherence time of the channels). The speed of UE does not change depending on the transmission node hence it can be considered that a single UE speed estimation can be done by the UE. So we propose not to consider different Doppler spread values for different nodes.
Proposal 5: Do not consider different Doppler Spread for different nodes.
3.1.3. Frequency Shift

The frequency shift depends on the relative movement of the UE w.r.t the nodes. Hence this may depend on the position of the UE and its movement w.r.t the nodes. In order to make sure that the UE correctly estimates in an independent way the frequency shifts depending on the transmission points, one possibility would be to introduce an artificial frequency shift in the test set up depending on the transmission points. However, in order to avoid too complex test set up, this aspect may be further discussed and introduced in the test only if a wrong UE implementation may severely affect the performance. 
   

Proposal 6: Evaluate further the impact of a wrong UE implementation of the frequency shift estimation on the overall performance, before deciding whether to introduce this parameter in the test set up. 
3.1.4. Frequency error
Independent frequency errors between the different nodes may impact the performance as it was already recognized under carrier aggregation performance analysis by some companies due to common AFC algorithms. Here, the frequency error can not be guaranteed to be arbitrarily small between the different nodes and the normal frequency error specifications would apply for the different nodes as reported below.

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


So it is important to consider independent frequency errors for non quasi collocated groups of ports, as the UE should be capable to handle independent frequency errors between those. Of course even though the UE is capable of handle independent frequency errors for different non quasi collocated ports the performance may be degraded due to the loss of estimation accuracy.

Proposal 7: Introduce explicitly in the test set up relative frequency errors for non quasi collocated ports.  

3.1.5. 
Average received power 

The average received power may vary depending on the scenarios for non quasi colocated groups of ports, this may be for example the results of scheduling decisions in the eNB; moreover the nodes with which eNB is cooperating should have the flexibility of setting different power levels at different points. Additionally the received power may be different depending on the relative position of the UE w.r.t the nodes transmitting CRS, CSI-RSs and DM-RSs  CRS. 
Of course large power imbalance may affect the AGC loop and the dynamic range and hence the UE performance; However, it is important to define scenarios with sufficiently stress the AGC and ADC in order to make sure that the UE implementation is capable of handling realistic scenarios. 

Hence by following the proposal in Section 2.1 we propose:

Proposal 8: Power imbalance between the following sets should be considered:
· CSI-RS configurations always.
· CSI-RSs w.r.t CRSs always

· DM-RSs depending on the configurations.
· DM-RSs w.r.t CRSs always

· DM-RSs w.r.t some of the CSI-RSs configurations depending on the scenarios.

In particular under heterogeneous deployment the Cell Range Extension (CRE) can be used in order to bias the handover offset values of some UEs to transfer them to the pico cell. This means that for certain UEs located at the edge between the CRE of the pico and the macro the power imbalance between CRSs and CSI-RSs and between different CSI-RSs configurations can be as high as the CRE offset depending on the configurations. 
In Rel-11 CRE bias can be up to 9 dB according to RAN1 LS in R4-120809 [4]. The definition of the final value for RRM and UE performance requirements for FeCIC in Rel-11 will be decided by RAN4 based on system studies;
Additionally the power imbalance between the DM-RSs and CRSs depends on the PDSCH and ePDCCH transmission and on the parameters associated with the transmissions, and they should be scenario dependent.
Hence the following proposals:
Proposal 9: Consider a maximum power offset between CSI-RSs and CRSs and between CSI-RSs configuration to be equal to CRE=9dB.

Proposal 10: Depending on the scenario consider a DM-RSs vs CRS power offset which depends on the transmission parameters associated with different PRG. 

3.1.6. Timing
RAN 1 has decided that the UE may assume that the signals that it is configured to receive, regardless of co-location of antennas, are received within CP for all ports (this is valid for demodulation and CSI repoting, i.e. it may not be valid for positioning and mobility measurements for other cells). In order to make sure that the degradation is not too large there should be possible to find a common timing window within the CP where the delay spread plus the delay introduced by the transmitter and receive filtering falls within the CP for all the ports. Hence it is sufficient that the relative timing difference between all the ports is all contained within the CP. Even tough this condition is respected, some non negligible part of the energy will fall outside the CP introducing ISI. Moreover, a large timing difference between the nodes could impact the MIMO performance because it introduces a distortion in the created beam. It was already shown that this impairment affect substantially static CSI tests while less performance degradation was seen when follow (or partially follow) CSI tests are considered because the UE can compensate through appropriate feedback.  

Hence the following is proposed:
Proposal 11: Define a test set up such that the relative timing of the non quasi collocated points is within the CP (with a margin). Different timing should be considered and modeled explicitly in the test set up for non quasi collocated ports. The impact of increased ISI and the impact on MIMO performance should be captured by the requirement.
4. Tests
By considering the discussion in the section above the following is recommended:

· New demodulation tests and new CSI tests for TM 9 with power level setting depending on the configurations and according to the proposals above, possibly independent fading profile, frequency shift and frequency error. The relative timing between non quasi collocated antenna should be considered to be within the CP but its impact should be accounted for explicitly in the simulations.  

Moreover, it should be noted that RAN 4 is waiting for additional feedbacks from RAN 1 on how to restrict the scope of the work by targeting specific scenarios.

5. Conclusions

The document continues the discussion on the introduction of new tests for quasi non collocated antenna ports. The following has been proposed:
Proposal 1: new tests should be defined by considering realistic scenarios derived from Comp. All Rel-11 UEs should be required to satisfy those requirements.
Proposal 2: Consider a UE with several CSI-RS configurations and consider CSI-RS ports within a CSI-RS configuration to be quasi co-located.  The UE can not assume quasi co-location for CSI-RS ports belonging to different configurations. Moreover CSI-RSs can be non colocated w.r.t CRSs.

Proposal 3: Depending on the scenarios DM-RSs can be non collocated w.r.t CRS and/or CSI-RSs. However, the DM-RSs ports within the PRB group can be considered to be colocated.

Proposal 4: Study further the degradation of performance due to wrong UE implementation which assumes common delay spread for different nodes/different PRGs before deciding whether to introduce different fading profiles for different nodes.

Proposal 5: Do not consider different Doppler Spread for different nodes.
Proposal 6: Evaluate further the impact of a wrong UE implementation of the frequency shift estimation on the overall performance, before deciding whether to introduce this parameter in the test set up. 
Proposal 7 Introduce explicitly in the test set up relative frequency errors for non quasi collocated ports.  

Proposal 8: Power imbalance between the following sets should be considered:
· CSI-RS configurations always.

· CSI-RSs w.r.t CRSs always

· DM-RSs depending on the configurations.

· DM-RSs w.r.t CRSs always

· DM-RSs w.r.t some of the CSI-RSs configurations depending on the scenarios.

Proposal 9: Consider a maximum power offset between CSI-RSs and CRSs and between CSI-RSs configuration to be equal to CRE=9dB.

Proposal 10: Depending on the scenario consider a DM-RSs vs CRS power offset which depends on the transmission parameters associated with different PRG. 

Proposal 11: Define a test set up such that the relative timing of the non quasi collocated points is within the CP (with a margin). Different timing should be considered and modeled explicitly in the test set up for non quasi collocated ports. The impact of increased ISI and the impact on MIMO performance should be captured by the requirement.
References

[1]
R4-116118 (R1-113610), “LS on Antenna Port Mapping onto Geographically Separated Antennas,” 3GPP TSG RAN1.
[2]
R4-121116,
“LS on Geographically separated antenna and impact on CSI estimation”, RAN4

[3]
R1-121919, “LS response on antenna ports co-location”, RAN 1

[4]
R4-120890, “LS on feICIC (R1-114468 Source: TSG RAN WG1, To: TSG RAN WG2,TSG RAN WG3,TSG RAN WG4, Cc: )”
[5] R4-121985, “UE Performance Impact Due to Geographically Separated Antennas”, Qualcomm Incorprated.




























































coordination

































































pico nodes





macro node





pico cell�cell-id 4





pico cell�cell-id 2





macro cell�cell-id 1





pico cell�cell-id 3

































































pico nodes





cell-id 1





cell-id 1





macro cell�cell-id 1





cell-id 1





macro node








8
1

[image: image4.jpg]


