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1. Introduction
The chairman notes from the previous meetings capture the following agreements on CoMP CSI feedback:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· 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. 
Agreement:

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

To support CoMP, atleast the per-CSI-RS-resource feedback is to be supported. In this contribution, we discuss different CSI feedback schemes and evaluations to investigate the benefit of inter-CSI-RS-resource feedback.
2. Per-CSI-RS Resource Feedback

With the agreement to support atleast per-CSI-RS resource feedback, and with appropriate definition of interference (including potential muting corresponding to some CSI-RS resource), most of the CoMP schemes can be supported [2]. To summarize,
Proposal

i) Support configuration of reporting set of CSI-RS resources and interference measurement resources, which enables configurable transmission point selection and cell blanking.

· CQI to be defined assuming blanking of one or more (or none) significant cells. When assuming transmission from a single-cell, this is essentially per-CSI-RS resource CQI with appropriate interference.

iii) Strive to reuse existing RI/PMI/CQI feedback channel designs in Release-10 with appropriate scaling of feedback overhead and time multiplexing of existing feedback channels.
DPS/DB schemes can be supported with above definitions.  For CBF schemes, DPS/DB based CQI may be used as an approximation for deriving CBF CQI (similar to using SU-CQI as approximation for MU). Per-CSI-RS resource PMIs to multiple coordinating transmission points can be used to perform CBF.

Observation
Per-CSI-RS resource feedback can support DPS/DB and CBF schemes.

3. Feedback for JT: Inter-CSI-RS Resource Feedback
JT-CoMP may be supported based on a hierarchical feedback structure using per-CSI-RS resource PMIs with a inter-CSI-RS resource co-phasing feedback. PMIs 
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 are determined along with the corresponding CQIs, assuming single-CSI-RS resource transmission from respective CSI-RS resources. For the joint PMI, the search is only performed over the co-phasing codebook (e.g., a PSK codebook), which also reduces UE complexity. 
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However, to enable testing of this scheme, per- CSI-RS resource CQI, aggregate-CQI and the feedback of the per- CSI-RS resource PMI and inter- CSI-RS resource co-phasing feedback may all have to be supported.  Enabling JT with three transmission points may require correspondingly larger overhead due to feedback of two or more inter-CSI-RS resource phase values and additional CQI. 

Per-CSI-RS-resource feedback without the feedback of co-phasing may be used to support JT schemes. One option is to send same set of streams from different points, but not relying on any inter- CSI-RS resource feedback. In this case a eNB may use a random or fixed co-phasing (taking advantage of DMRS) values over the data allocation to an UE. A second option is to send different set of streams from different transmission points, which does not require cophasing, but may suffer some perform loss due to reduced MIMO gain. This option may be useful if low rank feedback is received for individual CSI-RS resources.
Observation:

JT may be supported with per--CSI-RS resource feedback. 

In the next section, we investigate some JT feedback schemes and evaluate the benefit of inter-CSI-RS-resource feedback.
4. Feedback Schemes to support JT 
The following table provides the details of the different CSI feedback schemes studied. We use some form of aggregate CQI feedback in all schemes to isolate the impact of inter-CSI-RS resource phase information. The schemes are summarized below with further details in the following table.
Scheme 1: SU Reference

Scheme 2: JT, Full aggregate CSI feedback

Scheme 3: JT, Aggregate CQI, inter-CSI-RS-resource phase

Scheme 4, 5: JT, Rank constrained inter-CSI-RS resource feedback

Scheme 6: JT, Aggregate CQI, No inter-CSI-RS-resource phase
A high level overhead analysis is also included assuming a PUSCH 3-2 type feedback scheme, where subband CQI/PMI is reported. The overhead is derived assuming four transmit antennas per CSI-RS resource.

	CoMP and CSI Scheme
	Feedback Components
	Overhead
(assuming 4Tx per CSI-RS resource)

	Scheme 1: SU-MIMO with fixed serving point association
	Single CSI-RS resource feedback
	WB: 2(RI);

SB CSI: 7(CQI) +4(PMI) = 8-11 bits

	Scheme 2: JT 
i) Per-CSI-RS resource feedback and ii) Full aggregate CSI feedback
	i) Per-CSI-RS resource feedback for two CSI-RS resources;

ii) Aggregate CQI/PMI/RI feedback
	WB: 6(RI)

Per CSI-RS SB CSI: 8-11 bits
Aggregate SB CSI: 8-11 bits*
Total SB CSI: 24-33 bits

* Assuming 4bit sub-sampled 8Tx codebook or similar

	Scheme 3: JT 
i) Per-CSI-RS-resource feedback and ii) Aggregate CQI feedback with inter-CSI-RS-resource phase feedback
	i) Per-CSI-RS resource feedback for two CSI-RS resources with rank alignment (rank chosen to be maximum of per CSI-RS resource ranks);
ii) Aggregate CQI, ϕ
	WB: 2(RI)

Per CSI-RS SB CSI: 8-11 bits
Aggregate SB CSI: 7-10 bits*

Total SB CSI: 23-32 bits
*3bit PSK quantization of ϕ

	Scheme 4: JT 
i) Per-CSI-RS-resource feedback and ii) Aggregate CQI/RI feedback with rank constrained inter-CSI-RS-resource phase feedback
	i) Per-CSI-RS resource feedback for two CSI-RS resources with rank alignment (rank chosen to be maximum of per CSI-RS resource ranks); 

ii) Aggregate CQI, 
iii) ϕ only if rank is one

	WB: 2(RI)

Per CSI-RS SB CSI: 8-11 bits

Aggregate SB CSI: 7 bits
Total SB CSI: 23 or 29 bits


	Scheme 5: JT 
i) Per-CSI-RS-resource feedback 

ii) Rank constrained inter-CSI-RS-resource phase feedback 
	i) Per-CSI-RS resource feedback for two CSI-RS resources with rank alignment (rank chosen to be maximum of per CSI-RS resource ranks); 
*different CQI Definition (see comment)
ii) No aggregate CQI

iii) ϕ only if rank is one

	WB: 2(RI)

Per CSI-RS SB CSI: 8-11 bits

Aggregate SB CSI: 3 bits
Total SB CSI: 19-22 bits

	Scheme 6: JT 
i) Per-CSI-RS-resource feedback 

ii) Aggregate CQI feedback 
	i) Per-CSI-RS resource feedback for two CSI-RS resources with rank alignment (rank chosen to be maximum of per CSI-RS resource ranks); 
ii) Aggregate CQI 
	WB: 2(RI)

Per CSI-RS SB CSI: 8-11 bits

Aggregate SB CSI: 4-7 bits
Total SB CSI: 20-29 bits


Comments:
1) If aggregate CQI is not available, CQI is predicted based on per-CSI-RS resource CSI (see for example [3]

 REF _Ref315790858 \r \h 
[4])
2) Except in scheme 5, per-CSI-RS resource CQIs are based on interference from all the transmission points other than the corresponding CSI-RS resource. For scheme 5, CQI is based on interference outside reporting set (with two CSI-RS resources) to allow better CQI prediction

3) Outer loop link adaptation (OLLA) is used in all cases.
4) Three bit PSK quantization is used for inter-point-phase with 8-PSK constellation. 
5. Results

The simulation assumptions for the evaluation are summarized in the appendix and correspond to CoMP scenario 2 homogeneous deployment with a coordination cluster size of 9 transmission points. Single cell SU is used as the reference. MU is not used in single-point or multi-point schemes. 
	CSI Feedback Scheme
	Cell-Avg S.E
(bps/Hz)
	Cell-Edge S.E
(bps/Hz)

	Scheme 1
	1.616 (0.0%)
	0.0498 (0.0%)

	Scheme 2
	1.737 (7.5%)
	0.0666 (33%)

	Scheme 3
	1.723 (6.6%)
	0.0684 (37.3%)

	Scheme 4
	1.715 (6.1%)
	0.0686 (37.8%)

	Scheme 5
	1.670 (3.3%)
	0.0673 (35.1%)

	Scheme 6
	1.703 (5.4%)
	0.0645 (29.5%)


Table 1 - Performance of CSI schemes with 2x2 antenna configuration
Overall, we see that most of the simulated CSI schemes perform comparably. Scheme 2 with aggregate PMI shows good performance, but no substantial improvement over other schemes. Schemes 3, 4, 5 with inter-point CSI-RS feedback show the best cell-edge performance as expected. Further limiting the inter-point feedback to only rank 1 retains a most of the gain (Schemes 4, 5). Scheme 6 without inter-CSI-RS resource feedback shows some cell-edge loss although not significant compared to other schemes. Scheme 5 without aggregate CQI feedback shows some degradation of cell average performance, due to less accurate rank-2 CQI prediction. Further, considering non-linear MIMO receivers (like maximum-likelihood (ML)/sphere decoding or successive interference cancellation (SIC) type receivers), aggregate CQI report could be very useful in real-life implementations.
From the overhead perspective, Scheme 5 supports smallest overhead of 22 bits/SB, which is a twofold increase from single-CSI-RS-resource feedback. Schemes 4 and 6 require a maximum of 29 bits/SB. Further optimizations can be studied for feedback design with PUCCH/PUSCH. 

In our simulations, we considered a maximum reporting set size of two CSI-RS-resources. Additional aggregate CQI and/or per-CSI-RS-resource phase feedback may be needed if a larger reporting set size is configured. If significant RSRP is seen from a third CSI-RS resource, one possibility is to mute the corresponding transmission point (TP), while limiting JT to maximum of 2 transmission points only.

Observations:
Aggregate PMI feedback is not necessary. It can be anyway supported by appropriate configuration of CSI-RS resources.
Inter-CSI-RS resource phase feedback is more useful for rank 1, while aggregate CQI feedback is particularly helpful for rank-2 transmissions. Aggregate CQI feedback for higher rank is recommended considering real-life receiver behaviors.
Rank alignment across CSI-RS-resources to the highest rank can be considered to support JT transmission.

Inter-CSI-RS resource feedback gives further gains in addition to per-CSI-RS resource feedback, although these are not found to be significant

· Additional impairments due to phase variations between different transmission points and/or configurations of CSI-RS in different subframes could further reduce such gains.
6. Conclusions

Based on the discussion and evaluations in the contribution, we summarize the following observations,
Aggregate PMI feedback is not necessary. It can be anyway supported by appropriate configuration of CSI-RS resources.
Inter-CSI-RS resource phase feedback is more useful for rank 1, while aggregate CQI feedback is particularly helpful for rank-2 transmissions. Aggregate CQI feedback for higher rank is recommended considering real-life receiver behaviors.

Rank alignment across CSI-RS-resources to the highest rank can be considered to support JT transmission.

Inter-CSI-RS resource feedback gives further gains in addition to per-CSI-RS resource feedback, although these are not found to be significant

· Additional impairments due to phase variations between different transmission points and/or configurations of CSI-RS in different subframes could further reduce such gains.
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APPENDIX

	Parameter
	Value

	Performance metrics
	Full buffer traffic: Cell capacity, Cell-edge user throughput



	Deployment scenarios
	Homogeneous network with high Tx power RRHs [Scenario 2]
The central entity can coordinate 9 cells as a baseline [image: image3.emf]


	Simulation case
	ITU UMi 

	High power RRH Tx power (Ptotal)
	Same as Macro

	Number of UEs per cell
	10 (for Full Buffer)

	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	i) SU-MIMO

ii) Intra-eNB JP-CoMP

	Legacy UE impact
	Not modeled

	Network synchronization
	Ideal Synchronization

	Timing Error
	Baseline: 0 us

	Antenna configuration
	At each RRH

2 Tx antennas, cross-polarized: X
At the UE

2Rx cross-pol: X


	Antenna pattern
	For macro eNB and high-power RRH: Annex A 2.1.1.1 Table A.2.1.1-2



	eNB Antenna tilt
	For macro eNB and high-power RRH:

Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814


	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Implicit Feedback

Other details in contribution

	Channel estimation
	Modeled for DMRS, Ideal for CSI-RS 

	UE receiver
	MMSE

	DL overhead assumption
	Same overhead assumed for all schemes as follows

· 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.

	Placing of UEs
	Uniform distribution

	Traffic model
	 Full buffer 

	Backhaul assumptions
	 Point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal;

	Allocation
	Subband Size of 6 RBs; Subband CQI/PMI

Wideband RI

	Feedback Mode
	Similar to PUSCH 3-2, 10ms report cycle

UEs report CSI feedback CQI/PMI/RI on each subband of 6 RBs; 

UEs report CoMP feedback, if they see interference within 10 dB from second strongest interferer.


Table 1: System simulation parameters for JT-CoMP Evaluation
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