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1
Introduction
In RAN1#66bis, the following working assumption was made regarding CSI feedback in support of Downlink CoMP :

Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 

This contribution discusses the different components of CSI feedback that may be needed to support the different CoMP schemes. The pre-coding matrix indicator and channel quality indicator are examined separately. It will be concluded that:
- For PMI, per-CSI-RS-resource feedback (possibly complemented with inter-CSI-RS-resource feedback) should be supported, but no aggregated feedback needs to be supported;

- For CQI, support should be introduced to allow reporting for a given transmission hypothesis, which should include at least:

- CQI for a transmission over a single point corresponding to a CSI-RS-resource feedback (with and without muting assumption from points corresponding to other resources)

- CQI for a joint transmission over points corresponding to multiple CSI-RS-resources
2
Pre-coding matrix indicator (PMI)
In the case of PMI, “aggregated feedback” translates into the reporting of a global pre-coding matrix who is dimensioned based on the total number of antenna ports over all configured CSI-RS resources. Therefore, supporting this type of feedback would potentially entail defining additional sets of PMI codebooks for every possible combination of numbers of antenna ports in a set of CSI-RS resources. For instance, one may need to define a set of codebooks for a “4+2” configuration, another set for a “4+4”, “8+2”, and so on. The number of combinations could grow even larger if configurations including more than 2 sets of CSI-RS resources are to be supported. 
One could reduce the number of additional sets by taking the approach of defining sets of codebooks based on the total number of antenna ports only. A limitation with this approach is that the same set of codebooks would then need to be used for channels that have potentially quite different correlation properties due to corresponding differences in antenna configurations. Extensive studies would need to be carried on to evaluate performance of a given set of codebooks for the different possible antenna configurations.
A different approach to reporting recommended pre-coding information is to report separate pre-coding matrices for each CSI-RS resource. Such per-CSI-RS resource PMI reports, supplemented with relative phase information between CSI-RS resources, can also provide comprehensive pre-coding information to the network. In addition, the following benefits (over the aggregated PMI approach) can be identified:
· Allows reuse of existing codebooks for 2, 4 and 8 antenna ports

· No new codebook required, except for inter-CSI-RS resource information
· Provides a natural fallback mechanism in situations where transmission from single point is beneficial (aggregated approach also allows the network to transmit on single point, but feedback overhead still remains high)
· Provides possibility of configuring inter-CSI-RS-resource feedback with resolution (and overhead) adapted to the stability of inter-point phase in a given deployment
· Possibly no inter-CSI-RS-resource feedback at all may be configured when not warranted for a given set of CSI-RS resources (e.g. when sufficient phase stability cannot be warranted)
Based on the above, our proposals for the reporting of PMI are as follows:
Proposal 1:
Aggregated feedback is not supported for PMI

Proposal 2:
Per-CSI-RS-resource feedback is supported for PMI
Proposal 3:
Inter-CSI-RS-resource feedback may be supported (if found sufficiently beneficial)
2
Channel quality indicator (CQI)

The different types of CQI may be defined based on what transmission is assumed from the network.
Aggregated CQI can be understood to include at least a CQI estimated assuming a joint transmission from two or more points corresponding to a set of CSI-RS resources. If the CSI report also includes inter-CSI-RS-resource information, the reported CQI may be estimated based on the assumption that the provided phase adjustment information would be applied by the network (“coherent joint transmission”). Otherwise, the reported CQI may be estimated based on the observed phase difference between CSI-RS resources. In either case, the accuracy of the report may be sensitive to variations of the phase difference over time. 
When discussing per-CSI-RS-resource CQI, it is important to make the distinction between two possible variants or definitions.
In one definition, a per-CSI-RS resource CQI corresponds to the CQI assuming a transmission from a point corresponding to a single CSI-RS resource, and no assumption on what is being transmitted from points corresponding to the remaining configured CSI-RS resources (i.e., without muting). Using this definition, the UE should thus include measured signals from these other configured CSI-RS resources into the interference estimate.
In another definition, a per-CSI-RS resource CQI corresponds to the CQI assuming a transmission from a point corresponding to a single CSI-RS resource, and no interference from points corresponding to the remaining configured CSI-RS resources (i.e., with muting). This definition corresponds to the “CQI only accounting for interference outside the CoMP measurement set” from [1]. Given that evaluation of this type of CQI requires configuration of multiple CSI-RS resources, this could actually be seen as a special type of aggregated CQI.
Each of the above different types of CQI could be considered as being required for enabling the network to make a proper scheduling decision for a particular type of transmission (joint, single, or single with muting).
Per-CSI-RS-resource CQI (without muting) can be considered beneficial as it enables dynamic point selection while not constraining the network in terms of scheduling to other UE’s from the other points. On the other hand, it does not provide accurate information on the CQI that could be achieved when muting is applied from the other points. Such information was shown to yield some additional benefits to dynamic point selection during the study phase [1] and this is also confirmed by our own results presented in Appendix of this contribution. It would also be required to support coordinated scheduling. This information cannot easily be derived by the network from other CQI values for the remaining per-CSI-RS-resource. This is because precoders assumed by the UE for these other CQIs are different than precoders used by the network to transmit to other UEs. Therefore, reporting of per-CSI-RS-resource CQI (with muting) could also be beneficial.
Reporting of aggregated CQI enables joint transmission (coherent or not) which was shown to bring significant gains. The information cannot be inferred from the per-CSI-RS-resource CQI (without muting) for the same reason as above. On the other hand, if the per-CSI-RS-resource CQI (with muting) of each CSI-RS-resource is provided and inter-CSI-RS-resource information is also available, the network could in principle estimate an aggregated CQI for a joint transmission from points corresponding to these CSI-RS resources. It could be questioned, however, if this approach of supporting joint transmission is the most efficient given the large amount of overhead involved compared to having the UE directly report the aggregated CQI when a joint transmission is seen favorable.
In summary, it would appear that there are merits in introducing support for each type of CQI (i.e. per-CSI-RS-resource without muting, per-CSI-RS-resource with muting, aggregated), but given the potentially high overhead of reporting everything one should prefer the approach that at a given time the UE would only report the type of CQI suited to a particular assumed or recommended transmission (single point, single point with muting, or joint transmission). One could then investigate means for the network of controlling what type of transmission could be assumed or recommended by the UE.
Based on the above, our proposals for the reporting of CQI would be as follows:
Proposal 4:
Introduce support for reporting CQI applicable to a given transmission hypothesis, including at least:
· CQI for transmission over a single point corresponding to a CSI-RS-resource (without muting from points corresponding to remaining CSI-RS resources)
· CQI for transmission over a single point corresponding to a CSI-RS-resource (with muting from points corresponding to remaining CSI-RS resources)

· CQI for joint transmission over points corresponding to multiple CSI-RS-resources

3
Conclusions

This contribution discussed the different components of the feedback scheme that should be standardized for CoMP and proposes the following:
Proposal 1:
Aggregated feedback is not supported for PMI

Proposal 2:
Per-CSI-RS-resource feedback is supported for PMI

Proposal 3:
Inter-CSI-RS-resource feedback may be supported (if found sufficiently beneficial)
Proposal 4:
Introduce support for reporting CQI applicable to a given transmission hypothesis, including at least:

· CQI for transmission over a single point corresponding to a CSI-RS-resource (without muting from points corresponding to remaining CSI-RS resources)

· CQI for transmission over a single point corresponding to a CSI-RS-resource (with muting from points corresponding to remaining CSI-RS resources)

· CQI for joint transmission over points corresponding to multiple CSI-RS-resources
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Appendix: Dynamic point selection with blanking

System level evaluation of dynamic point selection with blanking was carried out and compared to dynamic point selection without blanking, for CoMP scenario 4 and under full buffer traffic.

The CoMP coordination area comprises 5 total Tx points, i.e. the Macro cell and 4 LPNs under coverage of that Macro cell. We use the cross-polarized antenna configuration. ABS and CRE are not configured in the R10 non-eICIC baseline.
Key aspects of the system-level simulation such as the feedback scheme and scheduling algorithm are described in more detail below. Additional simulation assumptions are summarized in the Appendix.
Feedback schemes
The UE feedback consists of per-CSI-RS-resource feedback (without muting and with muting).

· PMI feedback: UE reports per-CSI-RS-resource PMI for the best CSI-RS-resource in its CoMP reporting set. 

· CQI feedback: UE reports a separate CQI for the best CSI-RS-resource in its CoMP reporting set (without muting)
· For a low power node, the UE also reports CQI for the best CSI-RS-resource (with muting from the macro node)
Schedulers
Two types of DPS schedulers are investigated.
The first type of DPS scheduler (“no blanking”) works with the per-CSI-RS-resource feedback (no muting) only and schedules a UE on the point corresponding to the CSI-RS-resource which this UE provided feedback for. The PF criterion is used to sort UE’s.

The second type of DPS scheduler (“with blanking”) works with both types of per-CSI-RS-resource feedback (muting and no-muting). In a given subframe the macro node may be either transmitting or not transmitting, according to which one results in the maximum sum of metrics over all scheduled UEs. For each hypothesis, scheduling takes place according to the same method as in the first scheduler.
Results

Table 1 summarizes the cell edge and cell average spectral efficiency for the baseline (non-CoMP) scheme, and DPS using no blanking or blanking. The values shown in this Table are computed as the total throughput of the entire cell, i.e. the CoMP coordination area comprised of the Macro cell plus the 4 LPNs under coverage of the Macro cell.
Table 1. Cell average and cell edge spectral efficiency for different schemes.
	Scheme
	Cell Average SE (bps/Hz)
	5th percentile Cell-Edge SE (bps/Hz)

	Single-point (Non-CoMP)
	12.9
	0.093

	DPS (no blanking)
	12.8 (-1.0%)
	0.101 (+9.1%)

	DPS (with blanking)
	12.8 (-1.0%)
	0.105 (+13.7%)


The results show that the availability of CSI feedback with muting provides some additional cell-edge gain.
General simulation assumptions are summarized in Table 2.

Table 2: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Normalized cell average user throughput

Normalized cell edge user throughput

	CoMP deployment scenario
	Scenario 4: Heterogeneous network with intra-site CoMP

- 4 LPN’s / Pico per Macro cell

- Size of coordination area: 5 cells (1 Macro cell + 4 Pico cells)

	Simulation case
	Macro cell: ITU UMa

LPN / Pico: ITU UMi

	Tx power setting
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	Number of UE’s and placement
	30 UE’s in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UE’s dropped into Macro cell area

	System bandwidth
	10 MHz 

	DL transmission schemes
	SU-MIMO 

SU-MIMO with DPS (no blanking)

	Scheduler
	Proportional fair

	Impairments modelling
	None

	Network synchronization
	Synchronized

	Antenna configuration (Network)
	Macro cell: 2 (XPol)

LPN / Pico: 2 (XPol)

	Antenna configuration (UE)
	2 (XPol)

	Antenna pattern
	Macro cell: 3D

LPN / Pico: 2D

	eNB Antenna tilt
	Macro cell: 12 degrees

LPN / Pico: N/A

	Feedback scheme 
	PMI/CQI per cell/Tx point (subband)
No-muting only, or both muting and no-muting
Feedback periodicity: 5ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	UE receiver
	MMSE

	DL overhead assumption
	4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH) + 2CRS ports outside PDCCH region + DMRS.

6 subframes out of 10 have an overhead of 2 OFDM symbols for PDCCH + DMRS.

	Traffic model
	Full buffer model

	Backhaul assumptions
	Step 1: zero latency and infinite capacity (point-to-point fiber)

	Link adaptation
	Realistic 

	Modelling of out-of-coordinated area interference
	Explicit


