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1. Introduction
In RAN1#63rd meeting, it was concluded that [1]:
· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by CSI measurement subframe configuration

· Subframe subsets are signalled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If 0 subframe subsets are configured, this whole proposal does not apply. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signalling details are up to RAN2. 

· No mention of complementary subset in RAN1:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption for Alt a:

· Alt a: For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4

· Alt b: Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset

In this contribution, we discuss the remaining issues on the CSI feedback, including the detailed design of both periodic and aperiodic CSI feedback.
2. Discussion
In the previous meetings, CSI measurement was discussed and it is concluded to implement interference average across restricted resources which can be informed to UE by RRC signaling. Besides performance requirements to be researched in RAN4, considerations and necessity on the detailed designs are described as follow. 
2.1. Cases to report two CSI 
In RAN1 63th meeting, it is concluded that explicit RRC configuration configured to inform UEs the subframe subset to implement CSI reporting. However, it was confused that whether more than one periodic CSI feedback can be and is necessary to be configured to one UE simultaneously because of introduction of TDM ICIC. It was argued that reporting more than one CSI for different subframe subsets can improve the system performance as the CSI in both subframe subsets can be acquired [2]. To validate the performance improvement between one CSI reporting and two CSI reporting, a link simulation result is presented. The detailed parameter setting can be found in Appendix. 
One CSI: to report the CSI at assumed lightly interfered subframes only.
Two CSI: to report CSI for both assumed lightly interfered subframes and highly interfered subframes.
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Fig 1: Performance comparison between two CQI and one CQI reporting
Fig. 1 shows the performance comparison between one CSI reporting and two CSI reporting for the cases that only CQI is reported.  It can be seen that when outer loop link adaptation is applied, the spectrum efficiency between one CQI and two CQI reporting is almost the same. This means for the transmission modes for which CQI only reporting is needed, UE can only report CSI for one subframe subset.
Proposal 1: For the transmission modes with CQI only reporting, UE can only report CSI for one restricted subset.
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Fig 2: Performance comparison between two CSI and one CSI reporting
Fig.2 shows the performance comparison between one CSI reporting and two CSI reporting for the cases that CQI, PMI and RI are reported. It can be seen that considering the influence of PMI and RI reporting, reporting two CSI can have performance improvement compared to reporting one CSI, particularly when SIR is low. This means for the transmission modes which need to report CQI, PMI and RI, reporting CSI for two subframe subsets benefits performance. In the following table, the detailed spectrum efficiency improvement is given:
Table 1: Spectrum efficiency improvement

	
	SIR=20dB
	SIR=10dB
	SIR=6dB 
	SIR=0dB
	SIR=-6dB

	One CSI reported (bit/s/Hz)
	2.81
	1.2
	0.73
	0.27
	0.08

	Two CSI reported
(bit/s/Hz)
	2.93
	1.4
	0.87
	0.39
	0.12

	Improvement ratio
	4%
	16%
	19%
	44%
	50%


As illustrated in Table 1, for the UEs which suffer large interference (UEs’ SIR lower than -6dB), although relative high throughput improvement can be expected by two CSI reporting, the absolute throughput is rather low. These UEs can only work on the subframes which interference node configures ABS/MBSFN subframes actually.  Only one CSI needs to be reported for these UEs. Also for the UEs which suffer little interference (UEs’ SIR higher than 20dB), the throughput improvement between two CSI reporting and one CSI reporting is rather low (lower than 5%). It seems no need for these UEs to report two CSI. In order to illustrate the percentage which UEs can get obvious performance improvement when reporting two CSI, a system level simulation result which shows the distributing of UE with various interference levels is given.
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Fig 3: Distribution of UE with various interference levels
The distribution of UE with SIR between -6dB and 20dB is shown in the table below: 
Table 2: UE distributing
	
	0dB bias
	6dB bias
	10dB bias
	16dB bias
	24dB bias

	UE percentage
	95%
	90%
	77%
	63%
	55%


From Table 2, it can be seen that the SIR for majority of UEs is between -6dB and 20dB, particularly when bias is not so high. 
Proposal 2: Reporting two CSI for different subframe subsets should be supported.
By RSRP measurement and report, eNB can configure two CSI reporting for proper UEs by RRC signaling, e.g. when edge PUE moves to center. Contrarily, eNB can also inform UE back to the feedback mode that requires only one CSI. In the early case, it is hard to get two CSI configured since currently there is not an event to trigger RSRP report like A3 [3].
Proposal 3: Judgment of interference levels to UE is needed; new measurement report triggering event may be needed when UE moves from cell edge to center. 
Another possible solution is to configure one CSI reporting to UE as an initial stage. When the RSRP value of serving cell measured is higher or lower than predefined threshold (this is in line with the A1or A2 measurement report triggering event defined in [3]), an aperiodic CSI reporting is triggered to make UE report the CSI of another subframe subset. If needed, two periodic CSI can be configured then. 
Proposal 4: Combination of periodic and aperiodic CSI reporting is recommended to trigger the configuration of two periodic CSI properly.

2.2. Periodic CSI reporting
For the UEs that configured by eNB to report two CSI, they need to report two CSI for different subframe subsets. This may cause unnecessary collision problem which means that UE need to report two CSI in the same subframe. For periodic CSI reporting, CSI reports are transmitted in PUCCH, as the capacity of PUCCH is limited, methods to solve this collision problem should be considered as follows:
1) Introduce new UCI format

Currently, the capacity of UCI formats is limited, in order to be capable enough to carry two CSI reports in a subframe, new UCI format which have larger capacity can be introduced to solve this collision problem such as PUCCH format 3 defined in CA [4].
2) Avoid collision by proper scheduling

By properly arrangement of period and offset of the CSI reporting, the collision problem can be avoided. However, this may impose strict limitation on the configuration of the CSI reporting and increase the complication at the eNB side.
3) Periodic + aperiodic CSI feedback
When the collision problem appears, an aperiodic CSI feedback can be triggered. Then the CSI information for both subframe subsets can be reported simultaneously on a scheduled or predefined resource in PUSCH region. However, when this collision problem happens frequently, aperiodic CSI reporting will be frequently triggered which results in large signaling cost.
4) Report one CSI only in a subframe

When this collision problem appears, one of the CSI report will be dropped in this subframe, the dropping principle can be informed by RRC signaling. For example, in the subframes which need to report two CSI, PUE can drop the CSI report for the subframe subset which has larger interference. 
As analyzed above, method 1 and 4 seem to be better taking the overhead and implement complication into account. Considering the tight time line of this WI, method 4 is preferred in R10 stage. 
Proposal 5: For periodic CSI reporting,  when the collision problem appears, drop one of the CSI report by RRC signaling; UE drops the CSI report for the subset which has lower priority to be scheduled.
2.3. Aperiodic CSI feedback
As illustrated in above simulation results, reporting two CSI can have performance improvement. Generally, eNB can get the CSI for the subframe subsets by configuring periodic CSI reporting. However, when the periodicity of the periodic CSI reporting is long and eNB need to get instantaneous CSI for certain subframe subset, aperiodic CSI reporting can be triggered.
For aperiodic CSI reporting, the reference subframe (the same as the downlink subframe carrying CQI request) should be located in the subframe subset for which the CSI need to be reported. So for aperiodic CSI reporting, the CSI reference resource in time domain is defined by a downlink subframe n-n_cqi, n_cqi is the smallest value greater or equal to 4 which makes subframe n-n_cqi locates in the subframe subset that the CSI need to be reported. Whether interference can be averaged among the subframes between reference and reporting can be left to UE implementation.
If two aperiodic CSI are required for reporting, particularly for simultaneous reporting, the details can follow the decisions from CA.
Proposal 6: For aperiodic CSI reporting, the reference subframe should be located in the subframe subset for which the CSI need to be reported, i.e.  n_cqi is the smallest value greater or equal to 4 which makes subframe n-n_cqi locates in the subframe subset that the CSI is expected to be reported.
3. Conclusion
In this contribution, we investigate the detailed design of both periodic and aperiodic CSI reporting, and based on above analysis, we have the following proposals:
Proposal 1: For the transmission modes with CQI only reporting, UE can only report CSI for one restricted subset.
Proposal 2: Reporting two CSI for different subframe subsets should be supported.
Proposal 3: Judgment of interference levels to UE is needed; new measurement report triggering event may be needed when UE moves from cell edge to center. 

Proposal 4: Combination of periodic and aperiodic CSI reporting is recommended to trigger the configuration of two periodic CSI properly.

Proposal 5: For periodic CSI reporting,  when the collision problem appears, drop one of the CSI report by RRC signaling; UE drops the CSI report for the subset which has lower priority to be scheduled.

Proposal 6: For aperiodic CSI reporting, the reference subframe should be located in the subframe subset for which the CSI reports need to be reported, i.e.  n_cqi is the smallest value greater or equal to 4 which makes subframe n-n_cqi locates in the subframe subset that the CSI is expected to be reported.
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Appendix
A1 (Figure 1): report CQI only
	Parameter
	Value

	System bandwidth
	5M

	Antenna configuration:
	2 x2

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	LTE-ETU5

	Channel correlation
	LOW

	Number of control symbols
	1 OFDM symbol

	HARQ enabling
	YES

	AMC enabling
	YES

	Tx mode
	3


A2 (Figure 2): report CQI, PMI and RI
	Parameter
	Value

	System bandwidth
	5M

	Antenna configuration:
	2 x2

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	LTE-ETU5

	Channel correlation
	LOW

	Number of control symbols
	1 OFDM symbol

	HARQ enabling
	YES

	AMC enabling
	YES

	RI enabling
	YES

	Tx mode
	4
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