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1. Introduction
The discussions on CoMP in the past meetings have made significant progress in what kind of feedback needs to be supported for efficient system operation. One of the major decisions is the support of per point CSI feedback via the decision

- CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

Although this represents a good first step in determining the CSI support on a conceptual level, many details remain even for something as seemingly simple as such “per point” CSI. Open issues include the number of CSI-RS resources to support, what to assume concerning rank for the different reports, and how to finalize the recently agreed mechanisms for new interference estimates, all which are critical for achieving satisfactory performance. 
A point for discussion is the introduction of inter-CSI-RS resource phase information on top of the per CSI-RS resource feedback. This is illustrated in Figure 1. The motivation would be to exploit the extra phase information in an attempt to achieve constructive addition of signals from multiple points corresponding to coherent single-user JT. The phase information could in principle also be used for forming nulls towards co-scheduled victim UEs as part of coherent multi-user JT. 
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Figure 1: Inter-CSI-RS resource phase information in addition to per CSI-RS resource feedback.

In this contribution we present system level simulation results comparing the performance of coherent and incoherent JT for a three-sector intra-site CoMP cluster (Scenario 1) in order to assess whether it makes sense to add support for extra phase information in the CSI feedback. 

2. System Level Results

System level simulations were conducted to assess the merits of coherent JT in relation to incoherent JT and shed some light on what kind of feedback is needed. The main assumptions are found in Table 1. The channel model is ITU based and is the same as the one used for the UE-to-macro channel in the heterogeneous deployments Scenario 3/4, including outdoor to indoor modeling. This is also well-aligned with the assumption in the DL MIMO study item [3].
Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	CoMP Cluster
	3 sectors intra-site

	Indoor/Outdoor UEs
	100% Indoor

	Channel model
	ITU Urban Macro with O to I modelling
80% indoor, 20% outdoor

	Nrof RBs per subband
	6

	Average nrof UEs per point
	10

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Traffic model
	10 full buffer UEs per point

	Scheduling
	Implicit feedback based PFTF

	OLLA
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with no inter point IRC

	Feedback modes
	Based on 3-1 amended with various extensions for CoMP

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pol

	Macro antenna configuration
	3GPP Antenna, 2 Tx cross-pole, 15°downtilt

	Macro point transmit power
	40 W


Four different transmission schemes with corresponding CSI were evaluated
1. Single-Point: No-CoMP based on SU-MIMO

2. Incoherent1: Incoherent JT based on per CSI-RS resource feedback

a. Three CSI feedback reports, one for each sector in the site. A CSI report contains wideband PMI and frequency-selective CQI. Same rank for all reports and determined by CSI for strongest point

3. Incoherent2: Incoherent JT with aggregate CQI and per CSI-RS resource feedback
a. Three wideband per PMI feedback reports, one for each sector in the site. The rank is common and determined by the strongest point (in an RSRP sense), for which a corresponding single-point CQI is also fed back. Reporting also includes aggregate CQI for all three points and for the two strongest points

4. Coherent: Coherent JT with inter CSI-RS resource phase information
a. Similar to the previous scheme with the addition of per subband inter-point phase information between the three points
To reduce complexity requirements none of the four cases exploit multi-user operation (neither MU-MIMO nor multi-user JT). This is well inline with the considered antenna setup of a 2 Tx cross-pole for which it is difficult to get any MU-MIMO gains since there is no correlation between the antenna branches.

Furthermore, the three CoMP cases all try to make sure that the rank for all CSI reports is determined from one of the CSI reports, as proposed in [2]. This to avoid the problems associated with different ranks for different reports that make it challenging to recalculate CQI on the network side or switch between using different reports on different subbands (the rank needs to be constant over the bandwidth of a PDSCH).
Observation

· Maintaining the same rank over several CSI reports is useful for facilitating CQI recalculation as well as dynamic switching of transmission scheme (JT or single-point transmission) from one subband to another

Proposal

· Consider introducing rank dependencies among the different CSI feedback reports

The results of the evaluation are presented in Figure 2. It is seen that incoherent JT bring significant gains over the single point no-CoMP case, clearly demonstrating that coherent JT is not a prerequisite to achieve gains for intra-site CoMP. Gains when adding aggregate CQI increase further, but it should be noted that the performance of Incoherent1 can be further increased by recalculating CQIs for JT based on CSI reports reflecting proper interference level, i.e., no interference coming from the points participating in the JT transmission, instead of as now when erroneous interference hypotheses are included. It is also seen that the extra phase information to support coherent JT does not bring any gains over incoherent JT. Similar observations were made in [1]. This makes it hard to justify the additional computational complexity, extra overhead and specification efforts associated with amending the CSI reports with inter-CSI-RS phase information phase information.
Observation

· Incoherent JT for intra-site CoMP already brings significant gains over no-CoMP
· Aggregate CQI may increase gains further
· Coherent JT has similar performance as incoherent JT

· Hard to justify adding extra phase information for the support of coherent JT
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Figure 2: Results for served traffic and 5%-ile user throughput.
3. Discussion

The simulation results show that the performance of coherent and incoherent JT is similar. This is indeed good news since coherent JT is sensitive to real-life impairments while there are considerable higher hopes of realizing in practice the gains seen in simulations of the more robust incoherent JT. Coherent multi-user JT is known to be particularly sensitive as such kind of transmission would require nullforming across points with uncorrelated channels with widely different path gain, requiring tight calibration at RF level and unrealistically small channel estimation errors.

To some extent, also aggregate CQI is dependent on RF calibration between points. But the level of RF calibration sensitivity is nowhere close to the sensitivity exhibited by multi-user JT and in contrast to coherent JT it is insensitive to imperfections that are constant over time
, including time delay and phase offsets.

Observation

· Difficult to achieve real-life gains of coherent JT due to its sensitivity to RF calibration and CSI impairments (CSI channel estimation and feedback delay)

Proposal
· Focus the standardization efforts on finalizing the many open issues of per CSI-RS resource feedback and interference estimation

4. Conclusions
This contribution presented system level evaluation results comparing incoherent JT with coherent JT and single point transmission. The following was observed

· Maintaining the same rank over several CSI reports is useful for facilitating CQI recalculation as well as dynamic switching of transmission scheme (JT or single-point transmission) from one subband to another
· Incoherent JT for intra-site CoMP already brings significant gains over no-CoMP
· Aggregate CQI may increase gains further
· Coherent JT has similar performance as incoherent JT

· Hard to justify adding extra phase information for the support of coherent JT

· Difficult to achieve real-life gains of coherent JT due to its sensitivity to RF calibration and CSI impairments (CSI channel estimation and feedback delay)

and based on that we propose

· Consider introducing rank dependencies among the different CSI feedback reports
· Focus the standardization efforts on finalizing the many open issues of per CSI-RS resource feedback and interference estimation
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� Within a “handover margin” of 1 dB


� Constant in time in the sense of a coherence time of the same order as the time between the CSI measurements and the use of the corresponding CSI report, e.g. somewhere between 6 – 16 ms for a 10 ms CSI periodicity.
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