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1. Introduction
This contribution discusses the three different classes of CoMP schemes mentioned in the work item description. Throughout the discussions to follow it is tacitly assumed that UE specific RS is used for all demodulation since that allows seamless combinations of the three different classes of CoMP schemes.
2. Joint Transmission (JT)
Joint transmission uses resources from multiple points to a single UE and can come in several different flavors, including single-user or multi-user JT and coherent or incoherent JT. JT allows the SINR to the UE to be raised by means of higher total transmitted power and/or increased array gain. However, these link gains are at least partly offset by the fact that a UE in JT uses resources from multiple points and thus consume more resources than a non-JT UE. 
Multi-user JT tries to compensate for the loss of resources by advanced precoding to form sharp nulls to separate multiple co-scheduled UEs on the same resources. Forming sharp nulls, especially over as here uncorrelated channels corresponding to different points, is however known to be very sensitive to CSI impairments with often disappointing results, as can be see from evaluations presented in the Appendix. Single-user JT does not rely on nulling and is therefore considerably more robust in practice.
The coherency of JT refers to the ability to form precoders that exploit the phase, and possibly amplitude, relations between channels associated to different points. Those channels are uncorrelated so this is in general a quite difficult task, at least if the intention is to use the relations for multi-user JT. This also puts high demands on RF calibration among the points. With incoherent JT, the precoders do not exploit any information about different points’ channels reducing the potential gains but also increasing robustness.
Observation

· Multi-user coherent JT is the CoMP scheme which is most sensitive to CSI impairments

· Single-user JT exhibits promising robust performance at low loads

· Questionable whether coherency via inter-point (CSI-RS resource) CSI is worth the increase in overhead

· Incoherent JT is the most robust scheme among JT schemes and puts less stringent demands on RF calibration of points
Out of the JT schemes, single-user incoherent JT appears to be a good choice offering robust performance and saving CSI feedback bits that can be better spent on CQI instead. CSI feedback can in general be handled by letting the UE feedback multiple CSI reports, one for each configured CSI-RS resource. Transmission transparency of UE specific RS needs to be ensured so that the eNodeB is free to set the precoders it deems are necessary. Collisions with CRS of non-serving cells are an issue with no good standardized solution and are better handled by assuming shared cell, non-frequency shifted CRS, or JT only in MBSFN subframes.
Proposal

· Focus on single-user incoherent JT

· Incoherent multi-user JT comes for free via the reported precoders per CSI-RS resource
Standardization impact

· Introduction of per CSI-RS resource feedback and aggregate CQI corresponding to JT hypothesis

· Requires flexible mapping of antenna ports to points (true transmission transparency of UE specific RS)
· PDSCH colliding with CRS handled by appropriate system configuration
· CSI feedback interference estimates can no longer use CRS REs

3. Dynamic Point Selection (DPS)
Dynamic point selection in its simplest form means that the transmission point is selected dynamically (in time but possibly also over frequency) based on the CQI of the momentarily strongest point rather than being semi-statically assigned as part of a cell selection procedure. DPS can also be highly useful in heterogeneous deployments to effectively implement dynamic range extension, which exploits the fact that the appropriate amount of range extension is load dependent and hence depends on dynamically varying traffic patterns. Dynamic point blanking (DPB) is a form of DPS where the scheduler tries different hypotheses concerning the presence/absence of interference on an aggressor point. As such, it may require additional CSI feedback hypotheses compared to DPS in its simplest form. On the other hand, the CSI of the interference hypotheses could alternatively be approximated on the eNodeB side by exploiting the per CSI-RS resource CSI feedback.
Proposal

· DPS based on strongest channel fading as well as DPB via dynamic absence/presence of interference from aggressor point is supported

Standardization impact

· Per CSI-RS resource CSI feedback

· DPB may or may not require additional CSI feedback hypotheses for addressing absence/presence of interference from aggressor points.

· Requires flexible mapping of antenna ports to points (true transmission transparency of UE specific RS)
4. Coordinated Scheduling/Beamforming (CS/CBF)
Coordinated scheduling is a promising CoMP technique which avoids relying on sensitive spatial information for the coordination. It may be used to protect cell edge performance thereby introducing more fairness into the system. Coordinated beamforming attempts to form nulls towards victim UEs to reduce the interference. As already indicated, this tends to be rather sensitive towards CSI impairments and it is therefore wise to spend most of the efforts on coordinated scheduling rather than coordinated beamforming. Hence, support for additional precoder hypotheses do not appear to be warranted. On the other hand, support for CBF comes for free via CSI feedback per CSI-RS resource since the reported precoders can be exploited for the null-forming. 
Proposal

· CS and CBF both supported via per CSI-RS resource CSI feedback

· CBF exploiting correlation properties of the channel via the single precoder per CSI-RS resource that is already present
5. Conclusions
In this contribution we compared various CoMP schemes from the three different categories. It is observed that with the support of 
1. per CSI-RS resource CSI feedback
2. true transmission transparency of UE specific RS
3. enhanced interference estimates

all three categories of CoMP schemes and seamless mixtures thereof can be supported.

Appendix

System level results comparing MU-MIMO, CS/CBF, and coherent multi-user JT in Scenario 1 and 2 were conducted. Simulation assumptions are found in Table 1 while Figure 1 shows the results. As seen, multi-user coherent JT easily shows loss compared with MU-MIMO. This is due to its high sensitivity with respect to CSI impairments. Loss can be avoided by more restrictive scheduling of JT but the gains will then be very limited. CS/CBF is seen to be considerably more robust, which is not surprising considering that the scheme is less dependent on fine granular spatial properties of the channel. 
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Figure 1: System level results comparing MU-MIMO, CBF, and coherent multi-user JT for Scenario 1 and Scenario 2.
Table 1: Simulation assumptions.

	Parameter
	Assumption

	Feedback type
	CoMP cluster channel and interference covariance per subband

	Scheduler
	Proportional fair in time and frequency, with multi-user co-scheduling

	Feedback
	Explicit subband correlation matrix

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of cells 
	57

	Deployment model
	Homogeneous deployment with high Tx power RHHs, Zero backhaul/fiber latency

Hexagonal grid, 3 sector sites, 3 intra site or 9 sector CoMP clusters

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	3GPP Case 1 (SCME Urban Macro High Spread)

	Transmit power per sector
	40 W

	BS antenna configuration
	2 TX, 3GPP antenna diagram

One ±45°cross-pole. Electronic tilt of 15 degrees is applied.

	UE antenna configuration
	2 RX: cross-polarized ±45°

	Receiver 
	MMSE with no inter-cell interference suppression








