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1 Introduction
The agreement regarding on CoMP feedback during 3GPP RAN1 #69 and #70 meetings can be summarized as follows [1], [2]:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSI processes per CC
· Each CSI process is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· Configuration of multiple CSI processes
· IMRs associated with different CSIs can be configured independently
· FFS the maximum number of CSI processes configurable for one UE 

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI
· IMR granularity:
· 4 REs/PRB
· The REs of an IMR are REs which can be configured as a ZP CSI-RS resource
· IMR configuration:
· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs
· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration
In order for an efficient support of CS/CB or DPS with DB, UEs may be configured with multiple CSI processes for multiple interference hypotheses associated with multiple IMRs. Accordingly, one of the important issues for CoMP is how to support CSI feedbacks for interference hypotheses in the management of the uplink feedback overhead. One possible way to reduce CSI feedback overhead is to adopt a common RI/PMI feedback scheme which is discussed in our companion paper [3]. This contribution discusses about performance aspects of such a common RI/PMI feedback scheme for multiple interference hypotheses.
2 Feedback for Multiple Interference Hypotheses
In CS/CB schemes, user scheduling/beamforming decisions are made with coordination among TPs corresponding to the CoMP cooperating set. Dynamic blanking (DB) is a form of CS where the interference generated by a TP (e.g. high power TP in HetNet) is dynamically turned on or off in the time or frequency domain depending on whether it is beneficial to the CoMP system performance or not. For an efficient support of CS/CB and DB, it would be beneficial if the UE would provide feedback that allows the eNB to weigh the pros and cons of blanking off certain time or frequency resources as described in [4~5]. That is, in order for an efficient support of CS/CB and DB, a UE may report CSI for multiple interference hypotheses.
One feedback method we can consider to support feedback for multiple interference hypotheses is that UEs report back CSI for all the configured interference hypotheses. In other words, for each CSI process, CSI-RS resources for the signal and the corresponding interference hypotheses are signalled by eNB in addition to other relevant information such as feedback mode and timing. For example, a UE can be configured with two individual CSI processes where both processes measure the same CSI-RS but under different interference hypotheses. Table 1 summarizes how this approach could be used as a possible means to feedback the CSI for DB.
Table 1. Feedback processes for multiple interference hypotheses.
	
	CSI-RS resource for

the signal component
	Interference hypothesis

	UE’s 1st CSI process
	CSI-RS-1
	Interfering TP turned on

	UE’s 2nd CSI process
	CSI-RS-1
	Interfering TP turned off


Based on the above scheme, eNB can weigh the benefits of turning off a certain TP in the time or frequency domain. One drawback of the above approach is that the feedback overhead linearly increases as a function of the number of interference hypotheses. 
In order to reduce the expected overhead due to multiple interference hypotheses, it seems beneficial that for the feedback information which is common to CSI feedbacks for multiple interference hypotheses is only transmitted once. Such commonality could include RI and PMI since these feedback components are not expected to change drastically due to the fact that the wireless channel between the UE and the serving TP remains the same whether or not the interfering TP is turned on. On the other hand, CQI could differ significantly since it is mainly dependent on the amount of interference. 
Taking advantage of the above situation, the feedback overhead could be significantly reduced by transmitting only CQI for a feedback process with different interference hypothesis. The CQI would be based on RI and PMI which are transmitted under the reference interference hypothesis. For example, UE’s 2nd CSI process in Table 3 would include only CQI under the hypothesis that RI and PMI is the same as those of UE’s 1st CSI process. 
In order to observe the performance impact by adopting such commonality of RI and PMI among multiple interference hypotheses, the cell area throughput and 5% cell-edge user throughput were obtained from the agreed upon RAN1 simulation methodology including cases for

· DPS with dynamic blanking,

· One high power RRH and four low power RRHs in one macro area,

· Full buffer traffic,

· Clustered and uniform UE dropping (configuration 4b and 1 in TR 36.814, respectively).

The detailed simulation assumptions are listed in Appendix.

Table 2 compares the throughput performance between two cases:

· Case 1: Individual RI/PMI feedback for each interference hypothesis
· Case 2: Shared RI/PMI feedback for multiple interference hypotheses
 For the individual RI/PMI feedback scheme, a UE reports back a full set of CSI (RI/PMI/CQI) for each of the configured interference hypotheses. On the other hand, for the shared RI/PMI feedback scheme, the UE reports individual CQI for each interference hypothesis but one shared RI and PMI.
Table 2. Comparison between the individual feedback and the shared RI/PMI feedback schemes.

	
	Clustered UE dropping
	Uniform UE dropping

	
	Cell Avg
	5%-edge UE
	Cell Avg
	5%-edge UE

	Individual feedback
	13.005
	0.089
	9.896
	0.068

	Shared RI/PMI feedback
	12.645
(Gain = -2.8%)
	0.087
(Gain = -2.2%)
	9.723
(Gain = -1.7%)
	0.066
(Gain = -2.9%)


The simulation results in Table 2 show that the shared RI/PMI feedback scheme provides almost the same performance as the individual RI/PMI feedback scheme even though it requires a smaller uplink feedback overhead. In the evaluation, it was assumed that the UE had 2 RX antennas and therefore it could receive up to a rank 2 transmission. Therefore, even for the same CSI-RS, it was possible that the rank could be either 1 or 2 depending on the magnitude of the interference. The advantage of individual RI/PMI feedback scheme over the shared RI/PMI scheme was that the UE could feedback an optimized RI/PMI for different interference hypotheses. The results in Table 2 show that the system performance of the case using shared RI/PMI feedback scheme is subject only a small degradation over the system performance of the case using individual RI/PMI despite this disadvantage. Additionally, it can be expected that even this small performance degradation would not be present if rank-1 restriction is applied to CoMP UEs.

Observation:
· Feedback scheme with the shared PMI/RI for multiple interference hypotheses provides almost the same performance as the individual PMI/RI feedback scheme even though it requires smaller uplink feedback overhead.
· Furthermore, if the rank-1 restriction is applied to CoMP UEs, the feedback scheme with such shared PMI/RI would not cause any performance degradation compared with the individual feedback scheme.
Proposal:
· Support measures to reduce the feedback overhead for multiple interference hypotheses:

· Transmit only CQI for a feedback based on same CSI-RS but different interference hypothesis.
· Rank and precoder information is assumed to be identical to the rank and precoder information transmitted for the reference interference hypothesis.
· The above feature can be configurable by the network.
3 Conclusion
This contribution summarizes Samsung’s view on feedback supports for downlink CoMP in Release 11. In order to support CSI feedbacks for multiple interference hypotheses, it is very important that the feedback overhead be kept reasonable. In line with this observation, the following proposal was made: 
Proposal:
· Support measures to reduce the feedback overhead for multiple interference hypotheses:

· Transmit only CQI for a feedback based on same CSI-RS but different interference hypothesis.

· Rank and precoder information is assumed to be identical to the rank and precoder information transmitted for the reference interference hypothesis.

· The above feature can be configurable by the network.
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5 Appendix
	Parameter
	Values used for evaluation (Scenario 4)

	Performance metrics
	1.  Cell throughput
2.  Mean 5% user throughput
3.  Average user throughput
· Served cell throughput = total amount of data for all users / total amount of observation time / number of cells
· User throughput = amount of data (file size) / time needed to download data

	Deployment scenarios
	1. Heterogeneous network with low power RRHs within the macrocell coverage (Scenario 3) 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Coordination area includes:
- 1 cell with N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID
2. Network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (Scenario 4)
· Coordination area includes:
- 1 cell with N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID

	Simulation case
	Deployment scenarios 3, 4: ITU UMa for Macro, UMi for low power node
· UMa
-  UE speed : 3km/hr

-  No outdoor in-car penetration loss
· UMi
-  Carrier Frequency : 2GHz

-  100% UE dropped outdoors
- No outdoor to indoor penetration loss

	Number of low power node per macro-cell
	From TR36.814: N = 4 (baseline) or 10(optional)
· Configuration #4b with N low power nodes per macro cell
· Configuration #1 with N low power nodes per macro cell

	High power RRH Tx power (Ptotal)
	46 dBm in 10MHz carrier

	Low power node TX power (Ptotal)
	30 dBm in 10MHz carrier

	Number of UEs per macro-cell
	Dependent on the targeted resource utilization for non-full buffer traffic

	System bandwidth
	10 MHz

	Transmission schemes in DL
	SU-MIMO (DS, DS/DB, and Rel-10 macro/pico)

	Impairments modelling
	Baseline timing error is 0us

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	Macro: 2
Low power RRH: 2

	Number of antennas at UE
	2

	Antenna configuration
	For macro and low power RRH

· 2 antennas: 1 column, cross-polarized: X

Cross-polarized antenna configuration is also applied to the receiver. 

	Antenna pattern
	For macro eNB and high-power RRH: 3D as baseline
For low-power RRH: 2D as baseline

	eNB Antenna tilt
	For macro eNB and high-power RRH: 15 degrees downtilt.
For low power node: 0 degree

	Antenna gain + connector loss
	For macro eNB and high-power RRH: 17 dBi in ITU
For low power node: 5 dBi

	Feedback scheme (CQI/PMI/RI)
	Implicit feedback
PUSCH 3-2 like feedback (subband PMI/CQI report,5RB subband size) for both Rel-10 and CoMP

Feedback overhead for CoMP UEs is doubled compared to Rel-10 UEs

Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	Non-ideal channel estimation on CSI-RS and DM-RS

Feedback scheme based on Rel. 10 RI/PMI CQI design

	UE receiver
	Mandatory: MMSE receiver model option1 in R1-11058

	DL overhead assumption
	2 OFDM symbol for PDCCH & No CRS overhead & 1 or 2ports DMRS, i.e. 36/168 DL overhead (i.e. overhead of MBSFN subframes) 

	Placing of UEs
	For heterogeneous networks, placement according to the configuration

	Traffic model
	Non-full-buffer according to Section A.2.1.3.1 in TR36.814, with the following modifications:

· Model 2 with file size of 0.5 Mbytes
· Simulations are run for various K (for model 2) that lead to covering at least the range [10 - 70]% of RU (See A.2.1.3.2) in non-CoMP SU-MIMO, and the metrics described in A.2.1.3.2 are computed for each K (for model 2) value
· The RU is computed over the entire network, i.e. the RU is the average of the RUs per transmission point

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

Optical fiber required to perform dynamic selection

	Link adaptation
	Non-ideal (CQI adjusted based on outer-loop control relying on ACK/NACK feedback. MCS allocated based on CQI)










































































