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Discussion
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 investigates the performance of different aggregated and per-CSI-RS-resource feedback schemes in support of Joint Transmission. The effect of inter-point phase instability is also studied, and the following observations are drawn from the results:
· Provision of inter-CSI-RS-resource information appears beneficial only for deployments where inter-point  phase (absolute) errors within about 80 degrees can be realized;
· Aggregated CQI is not very sensitive to inter-point phase error.
2
Feedback schemes investigated
A number of feedback schemes can be envisioned to support Joint Transmission (coherent or not). In this study we focus on three schemes (A, B and C) which may be represented in the following Table: 
	Feedback component
	A
	B
	C

	Per CSI-RS-resource CQI for first resource (without muting)
	
	
	

	Per CSI-RS-resource CQI for second resource (without muting)
	
	
	

	Per CSI-RS-resource CQI for first resource (with muting)
	
	
	

	Per CSI-RS-resource CQI for second resource (with muting)
	
	
	

	Per CSI-RS-resource PMI for first resource
	
	
	

	Per CSI-RS-resource PMI for second resource
	
	
	

	Inter-CSI-RS-resource phase (quantized to 2 bits)
	
	
	

	Aggregated CQI for Joint Transmission
	
	
	


The schemes A, B and C correspond to the “Coherent JT”, “Non-coherent JT (scheme 2)” and “Non-coherent JT (scheme 4)” of [2]. Each feedback scheme thus supports a different scheduling strategy for joint transmission. 
· Scheme A includes the feedback components that would be required to support coherent JT where the network actively co-phases the signals based on UE feedback. 
· Scheme B includes feedback components that could enable the network to perform JT scheduling when it is most beneficial (i.e. when the channels combine in such a way that the aggregated CQI is better than the per-CSI-RS-resource CQI). It is assumed that Scheme B takes into account the observed inter-CSI-RS-resource phase difference for the derivation of the aggregated CQI. Thus, some sensitivity to the inter-point phase stability should be expected. Scheme B incurs the least feedback overhead of the 3 schemes. 
· Scheme C does not provide inter-CSI-resource information. Instead, the UE provides per-CSI-RS-resource CQI for both resources (with muting) and the network estimates an aggregated CQI from this information, (optimistically) assuming co-phasing between points as in [2]. Thus, scheme C has no sensitivity to inter-point phase stability. On the other hand, it incurs the most overhead of the 3 schemes since per-CSI-RS-resource CQI is provided for both resources, with and without muting.
For all three schemes, the scheduler selects a set of UE’s to maximize the sum of proportional fair metric. Each CoMP UE may be scheduled using either a transmission from a single point for which per-CSI-RS-resource CQI is available, or using a joint transmission from both points. 
3
Results
Figure 1 shows the gain in spectral efficiency for the cell average and cell edge (5th percentile) as a function of a fixed inter-point phase error, for different feedback schemes. The inter-point phase error is the difference between the inter-point phase difference observed by the UE at the time of evaluating CSI, and the inter-point phase difference at the time of transmission. Such inter-point phase error may exist due to RF mis-calibration effects in practical deployments. 
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Figure 1. Joint Transmission gains for different feedback schemes as a function of inter-point phase error.

The following observations can be made from the results:

· In the absence of any phase error (0 degrees), scheme A unsurprisingly offers the best performance as it allows for coherent combining. It then exhibits relatively smooth degradation with increasing phase error beyond 45 degrees, and remains better than other schemes up to about 80 degrees of phase error. It should be noted that the 2-bits quantization of the phase that was assumed in the simulation means that there is already a quantization loss varying between -45 and 45 degrees even before applying any additional phase error.
· The results for scheme C indicate that even when no inter-point phase information at all is conveyed in the CSI reports, a significant gain can be achieved with joint transmission. On the other hand, this is at the expense of a small loss for the cell average. One should expect that if the scheduler fairness exponent were adjusted to avoid this cell average loss, the actual gain at cell edge would be lower by a few percents making the results comparable to that of scheme B. Thus, it appears that the penalty for the network of overestimating the achievable CQI for a joint transmission is not very severe.
· In scheme B, the effect of the inter-point phase error is to bias the aggregated CQI reported by the UE either positively or negatively. However, scheme B doesn’t display strong sensitivity to the inter-point phase error (which is consistent with the results observed for scheme C).
4
Discussion
Simulations would need to be performed for more scenarios and antenna configurations to be entirely conclusive, but so far these preliminary results point towards the following:
· Provision of inter-CSI-RS-resource information appears beneficial only for deployments where inter-point  phase (absolute) errors within about 80 degrees can be realized. Beyond this point, little benefit can be observed.
· For schemes not relying on explicit inter-CSI-RS-resource information (schemes B and C), the performance is not very sensitive to utilizing an accurate inter-CSI-RS-resource phase difference for the estimation of an aggregated CQI for a joint transmission. Indeed, reasonable gains could be observed even for scheme C which doesn’t utilize the information at all.

In scenarios where phase stability is not sufficient to justify the reporting of inter-CSI-RS-resource phase information (scheme A), there seems to be little difference performance-wise between having the UE directly report the CQI for a joint transmission (scheme B) and having the UE report per-CSI-RS-resource CQI information (with and without muting) and relying on the network to derive the proper CQI (scheme C). On the other hand, one should note that there may potentially be significant difference in terms of overhead for CSI reporting, since scheme C relies on the UE reporting CQI (with muting assumption) for both CSI-RS-resources, on top of the CQI’s without muting. It should emphasized that for scheme C, estimation of the aggregated CQI at the network needed to be performed using the per-CSI-RS-resource CQI with muting otherwise the obtained value would be overly pessimistic and would likely result in worse performance.

One could also question the usefulness, with scheme C, of constantly reporting CQI for every CSI-RS-resource considering that in practice a DPS scheduler that can only transmit on the point with best CQI seems to perform just as well as a DPS scheduler that can transmit on either point [3]. 
In view of the above, one promising strategy of reporting CQI in terms of performance versus overhead trade-off would be the following:
· UE can report one CQI for a single-point transmission (“per-CSI-RS-resource” CQI)

· Either for a fixed CSI-RS-resource, or for the best CSI-RS-resource (to support DPS)
· Either with muting or without muting

· UE can report CQI assuming a joint transmission from points corresponding to multiple CSI-RS-resources (i.e., “aggregated CQI”)
Such strategy can be supported with types of CQI proposed to be introduced in our companion paper [4].

5
Conclusions

This contribution investigates the performance of different aggregated and per-CSI-RS-resource feedback schemes in support of Joint Transmission, taking into account the effect of inter-point phase instability. The following observations were made:
Observations:

· Provision of inter-CSI-RS-resource information appears beneficial only for deployments where inter-point  phase (absolute) errors within about 80 degrees can be realized;
· Aggregated CQI is not very sensitive to inter-point phase error.
Based on these observations and on overhead considerations, introducing support for the following  CQI reporting strategy appears beneficial:
· UE can report one CQI for a single-point transmission (“per-CSI-RS-resource” CQI)

· Either for a fixed CSI-RS-resource, or for the best CSI-RS-resource (to support DPS)

· Either with muting or without muting
· UE can report CQI assuming a joint transmission from points corresponding to multiple CSI-RS-resources (i.e., “aggregated CQI”).
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Appendix: Simulation assumptions
ABS and CRE are not configured in the R10 non-eICIC baseline.
Table 1: 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

	Scheduler
	Proportional fair

	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 
	Feedback periodicity: 5ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	UE receiver
	MMSE

	Threshold for inclusion in CoMP set
	6 dB

	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
	Zero latency and infinite capacity (point-to-point fiber)

	Link adaptation
	Realistic 

	Modelling of out-of-coordinated area interference
	Explicit


