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1. Introduction

In FD-MIMO both types of CSI reporting, Class A and Class B, are supported where the former can use the non precoded CSI-RS and the latter can use the beamformed CSI-RS with benefits of reducing the CSI-RS and feedback overhead. These CSI reporting mechanisms, especially for Class B, would change large-scale and small-scale channel observation at the UE due to the introduction of AAS. AAS architecture can be more flexibly implemented than conventional antenna array. The QCL assumption and measurement restriction (MR) are two issues related to the large-scale and small-scale channel properties respectively, which have been discussed in recent 3GPP meetings. In this contribution, we will further discuss these two issues.

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]QCL in FD-MIMO

Quasi-colocation (QCL) assumption is introduced in Rel 11 to link the large scale properties of reference signal ports, such as delay spread, Doppler spread, Doppler shift, average gain and average delay. Type A and Type B QCL are established for different combination of CRS, DMRS and CSI-RS ports. These relationships are useful to reduce UE CSI processing complexity, for example retrieving statistical channel information. However, in the context of EBF/FD-MIMO WI, such a kind of QCL assumption may not be valid with given virtualization between reference ports and AAS array, because of antenna element mapping and assignment of weighing factors. The observed large-scale propagation channel property at UE side can be different either between CRS and DMRS or between CSI-RS and DMRS.

2.1.  QCL between CSI-RS and DMRS ports

The Type B QCL between CSI-RS and DMRS ports is configured by high layer signaling and dynamically indicated by the PQI field in DCI format 2D. The associated parameter, qcl-CSI-RS-ConfigNZPId-r11, in a high layer signaling parameter set will inform the UE which NZP CSI-RS resource can be considered as QCL with DMRS ports with common Doppler shift, Doppler spread, average delay, and delay spread. 

For the case of Class B CSI reporting with K=1, UE-specific beamformed CSI-RS ports are embedded into single CSI-RS resource. The channel virtualization at port level requires relatively high beamforming accuracy in both horizontal and vertical directions. Obviously, with such a finely controlled beamforming at port level for CSI measurement, it is expected that the large scale properties between CSI-RS ports and DMRS ports should be same or similar enough otherwise beamforming vectors/matrices applied to DMRS ports may not be good and accurate. Therefore the QCL assumption may not be an issue if the network implementation should follow some restrictions without breaking QCL assumption, for example all beamformed CSI-RS ports and DMRS ports are QCL in those large scale parameters.  

For the case of Class B CSI reporting with K>1, there are multiple NZP CSI-RS resources corresponding to different beams. Although different beams between CSI-RS resources shall result in different large scale properties which will be demonstrated later, the DMRS port will eventually use the same beamforming applied to the CSI-RS resource, which is indicated by BI. Therefore QCL used for UE demodulation may still be valid at least between selected CSI-RS resource and DMRS port.

Observation 1: The QCL between CSI-RS and DMRS ports may not be an issue for Class B CSI reporting as long as QCL relationship is retained by network implementation.

2.2. QCL between CRS and CSI-RS

The Type B QCL between CRS and CSI-RS was defined by a high layer signalling parameter set for the configuration of CSI-RS resource. In particular, parameter qcl-CRS-Info-r11 links the CRS ports with the CSI-RS resources in terms of Doppler shift and Doppler spread. Compared with Rel 11 CoMP operation, the QCL between CRS and CSI-RS may be more complicated since CRS and CSI-RS ports for FD-MIMO may have totally different port virtualizations and beamforming operations. 

Whilst CRS ports can be used for cell coverage and cell association, more aggressive port virtualization aiming at higher 3D beamforming gain by AAS can be used for CSI-RS ports and corresponding CSI measurement. Here we have used a simplified simulation shown in Table 1 to investigate the impact of large scale parameters with respect to beamforming (or CRS/CSI-RS/DMRS port virtualization) and the number of TXRUs per port. 

Table 1 Simulation parameters for the evaluation of Doppler and delay spread
	Parameter
	Value

	Carrier frequency
	2 GHz

	Antenna configuration
	Uniform linear array with 0.5 λ spacing

	Channel model
	UMi

	UE velocity
	3km/h

	Channel sampling interval
	1ms

	Beamforming directions ,  and 
	,  (to the broadside of BS array)





The simulation results for the normalized squared variation (NSV) of Doppler spread (here the definition of Doppler spread in [1] is used) are given in Figure 1. Two NSVs are defined by


Here,  denotes the Doppler spread measured at the beam direction  while  antenna elements are virtualized into one port,  is for Doppler spread with unique beamforming direction but different size of port virtualization,  is for Doppler spread between two different beamforming directions  and . 

It can be seen that values of NSVs becomes larger when the number of AAS elements/TXRU involving port virtualization grows. This suggests that beamformed CSI-RS with aggressive port virtualization, e.g. with 64TXRU, can lead to a Doppler estimation diverse from the estimation based on CRS port with single TXRU. Moreover, with different port virtualizations and beamforming directions, such a difference related to Doppler estimation might become even larger. 
[image: ]
Figure 1 NSVs for Doppler spread

In Figure 2 we have provided simulation results for delay spread,  and , which are similarly defined with normalized squared variation as above. The delay spread in Figure 2 shows that LS delay parameter is more sensitive than Doppler in terms of the number of TXRUs used for port virtualization. Such a difference can be more severe if different beamforming vectors are applied to reference ports 



[image: ]
Figure 2 NSVs for delay spread

Observation 2: The QCL assumption between CRS and CSI-RS ports may be affected by FD-MIMO implementation for Class B CSI reporting depending on port virtualization and UE parameter estimation. 

2.3. QCL for Class B 

Class B with K=1

For class B with K=1, single QCL RRC parameter, like “qcl-CRS-Info” between CRS and CSI-RS resource, can be defined per CSI-RS resource if QCL operation is set to Type B. No matter whether CSI-RS port is beamformed or not, it is up to network to indicate a UE which codebook should be used, legacy codebook or Rel 13 codebook with a mechanism of port selection. The QCL relationship between CRS and CSI-RS ports can be retained as long as they can share similar port virtualization mechanism.  Switching Type A and Type B QCL for class B CSI reporting with K=1 can be used to provide different level assistance information for UE CSI processing. 

With respect to QCL RRC parameter, like qcl-CSI-RS-ConfigNZPId connecting CSI-RS and DMRS ports configured for a PQI table, one opening question is that whether we shall introduce port-level QCL between CSI-RS ports and DMRS ports. It is preferred that all DMRS ports can be assumed to be QCL each other and all CSI-RS ports in a NZP-CSI-RS are also QCL each other. For the simplicity of UE CSI processing, similar assumption of Rel 11 should be reused. Therefore a certain network implementation has to make sure that all beamformed CSI-RS and DMRS ports can share all LS parameters at the UE and beamforming directions applied to ports should be reasonable close each other. By this way, qcl-CSI-RS-ConfigNZPId can be reused and defined at the level of NZP-CSI-RS resource. 

Class B with K>1

For Class B with K>1, beamforming is conducted at level of CSI-RS resource. With respect the QCL relationship between CSI-RS resource and CRS ports, Type B QCL generally should be used. One opening question is whether we should introduce a common QCL parameter of “qcl-CRS-Info” for all K CSI-RS resources in a Rel-13 CSI-process. In our understanding, it is preferred to retain the definition of “qcl-CRS-Info” in Rel 11 and configure per NZP-CSI-RS resource. It is more flexible and can smoothly harmonize Rel 11 CoMP operation and Rel 13 virtual sectorization supported by Class B with K>1.  The beam index estimation is relatively a long term estimation and less impacted by multiple configurations of “qcl-CRS-info”.  

With respect to the QCL relationship between CSI-RS resource and DMRS ports, “qcl-CSI-RS-ConfigNZPId” can be used to provide linkage between DMRS ports and CSI-RS ports. 

Proposal #1: “qcl-CRS-Info” and “qcl-CSI-RS-ConfigNZPId” can be reused and defined per NZP CSI-RS resource for Class B like Rel 11. 

2.4.  The impact of MR on QCL

MR enables beam switching among CSI measurement subframes. Although it has several benefits, it should be noted that beam switch in a CSI process would reduce the benefit of QCL because the large scale parameters observed by UE may have changed among CSI measurement subframes. Moreover, limited duration of measurement time makes the measurement of large scale parameters more difficult at UE side. According to above simulation results, the impact of MR on delay parameter is more serious than Doppler parameters. The eNB should consider the requirement of QCL assumption when performing the beam switching with single subframe MR.

Observation 3: The use of MR per subframe might affect the QCL assumption and benefit depending on the implementation of beam switching, especially for delay parameter estimation.

3. Remaining issues for MR

The MR may have following use cases and benefits:
· Fast switch the beam for UE with the purpose of dynamically adapting the channel and performing the beam selection
· CSI-RS Resource pooling and sharing for multiple UEs
· Avoid flashlight effect for interference measurement
· Enable the interference measurements with different MU hypothesis

The first two cases are related to the CSI measurement whereas the remaining two are related to the interference measurement. The major drawback of MR is that since measurement duration is reduced, it may degrade the estimation quality of channel and interference parts. The single subframe measurement restriction triggered by high layer signalling for both channel and interference parts has been supported for Class B CSI reporting with K=1. And single subframe MR for interference part is supported for Class A. The remaining issue is the scheme for the Class B CSI reporting with K>1. 

In class B with K>1, different vertical beams performed on different NZP CSI-RS resources usually form several virtual cells. According to the RSRP, CSI measurement or other statistics by UE proprietary measurement, the UE should select and feedback a beam index. In this case, MR seems to be not meaningful because the cell specific beamformed CSI-RS implies the beams may change quite slowly and the overhead of CSI-RS is usually not an issue here.

If MR has to be supported, it is important to understand the impact of BI measurement. In P-CSI case, BI is reported independently (or companioned by RI) with a relative longer periodicity and CSI (PMI/RI/CQI) reporting thereafter should be calculated conditioned on the latest BI that UE has selected. This mechanism requires that the beam pattern, at least for selected NZP CSI-RS resource, remains unchanged after the time interval of BI reporting. So CSI reporting can be performed upon the correct assumption of beamforming pattern. For P-CSI reporting, the single subframe restriction is less beneficial. If the BI measurement is wrong at given single subframe, following CSI reporting after BI will be based on the sub-optimal beamformed CSI-RS resource for a relatively long time. The reset periodicity can be chosen as the integral multiples of the BI’s reporting periodicity as shown in Figure 3. If necessary, we can configure the shortest reset period which is the same with BI’s reporting period. The BI is a slow varying type of CSI in Class B reporting, but this does not mean the measurement of BI must take a long duration. It is up to UE proprietary measurement to derive the BI as long as the UE knows when it can use. 

Therefore, we can choose the resetting offset as shown in Figure 3, where the offset makes reset timing arrives before CSI reference resource and there are a few CSI-RS subframes between reset timing and CSI reference resource. 



Figure 3 Periodical reset for measurement restriction

On the other hand, for A-CSI reporting, both the BI and PMI/RI/CQI built upon BI can be measured in restricted subframe(s) and then feedback together. The eNB should trigger A-CSI reporting properly so that the UE has at least some valid CSI-RS subframes between the trigger of resetting and the time of reporting. With proper resetting timing, it can help UE to determine BI as soon as possible so as to reduce the complexity of A-CSI reporting at the UE whilst determining PMI/RI/CQI. 

Proposal #2:  MR for CSI measurement can be periodically reset by a RRC parameter of periodicity /offset for Class B CSI reporting with K>1.

4. Conclusions

In this contribution, we discuss the remaining issues for QCL and MR in FD-MIMO. In particular, we have following observations and proposals:

Observation 1: The QCL between CSI-RS and DMRS ports may not be an issue for Class B CSI reporting as long as QCL relationship is retained by network implementation.

Observation 2: The QCL assumption between CRS and CSI-RS ports may be affected by FD-MIMO implementation for Class B CSI reporting depending on port virtualization and UE parameter estimation. 

Observation 3: The use of MR per subframe might affect the QCL assumption and benefit depending on the implementation of beam switching, especially for delay parameter estimation.

[bookmark: _GoBack]Proposal #1: “qcl-CRS-Info” and “qcl-CSI-RS-ConfigNZPId” can be reused and defined per NZP CSI-RS resource for Class B like Rel 11. 

Proposal #2:  MR for CSI measurement can be periodically reset by a RRC parameter of periodicity /offset for Class B CSI reporting with K>1.
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