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1. Introduction
In RAN1#72 meeting, it was agreed as a working assumption that a new aperiodic PUSCH feedback mode is supported in Rel.12.   Some details of new aperiodic PUSCH feedback mode are left for further study such as subband size, additional information in the CSI reports.  In this contribution, we discuss our views on these details.  
2. Subband size
Feedback granularity is an important factor affecting performance and feedback overhead.  In new aperiodic feedback mode, we need to decide subband sizes for subband CQI and subband PMI.  In our opinion, the subband sizes for CQI and PMI can be different.  Subband size for PMI is determined by the frequency granularity required for accurate spatial domain information of the channel.  On the other hand, subband size for CQI is determined by required frequency granularity of SINR which is based on signal and interference/noise power.  The latter can be more sensitive to frequency granularity as it affects more on the link adaptation accuracy, frequency selective scheduling gain and SU/MU dynamic switching.  

In this section, we evaluate the performance of different subband size with the operating bandwidth is 10 MHz. Other simulation assumption is captured in table A1 in the appendix.  We compare four configurations of subband sizes of CQI and PMI in our simulation.  Simulation results are shown in the following table 1.
Table 1 Performance under different subband sizes
	ZTE 4+3 Codebook[1]

	CQI

(RBs)
	PMI

(RBs)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	
	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Config. 1 (baseline)
	6
	6
	2.411
	0.063 
	2.083 
	0.0519 

	Config. 2
	3
	6
	2.555 (5.97%)
	0.061 (-3.17%)
	2.245 (7.78%)
	0.0537 (3.47%)

	Config. 3 
	4
	8
	2.489 (3.24%)
	0.0646 (2.54%)
	2.18 (4.66%)
	0.0526 (1.35%)

	Config. 4 
	6
	12
	2.402 (-0.37%)
	0.0626 (-0.6%)
	2.1 (0.8%)
	0.052 (0.19%)


Observations:

· The finer CQI subband granularity based on ZTE codebook provides large spectral efficiency gain under the new feedback mode in correlated and uncorrelated channels. 
· For closely spaced XPOL, when the frequency-domain granularity for CQI is 3RBs, 5.97% gain in average spectral efficiency can be achieved over subband size of 6RBs.
· The spectral efficiency gain is even larger when the antenna separation is 4λ.  7.78% gain in average spectral efficiency and 3.47% gain in cell edge spectral efficiency can be achieved under this configuration.
· If overhead is concern, we can choose configuration 3 which subband sizes are 4 and 8 for subband CQI and PMI respectively.  There are still moderate gain over the case when both subband sizes are 6.  
· Finally configuration 4 provides the least overhead but still provides comparable performance as configuration 1.  This indicates that the subband size of PMI doesn’t need to be the same as subband size of CQI.
Proposal 1:  Different subband sizes of CQI and PMI should be considered.  Subband sizes of CQI and PMI are 3RBs and 6RBs repectively.
3. Multi-component Feedback

Under the current CSI feedback, a UE is not aware of the co-scheduling users when determining CSI. Hence it only evaluates its own link performance and report CSI feedback i.e. RI/CQI/PMI based on the assumption of SU-MIMO. The reported CSI may be ill-matched to MU-MIMO transmission which may have different ranks.  Multi-component feedback scheme [2] tries to address this issue.  For example, in addition to SU-MIMO CSI report without rank restriction, a rank-restricted CSI report for MU-MIMO operation is fed back. Performance gain can be achieved through better SU/MU scheduling flexibility due to multi-component feedback. 
In Rel-11, multiple CSI processes scheme has been specified.  Rank restriction is done independently for each CSI process.  In addition, CSI-process specific Pc can be configured by eNB. This allows the eNB to flexibly control assumption on the PDSCH power of each process when the UE determines the CSI feedback. Reusing this scheme achieve the effect of multi-component CSI feedback. The eNB can configure two CSI Processes to UE with different Pc. The value of Pc can softly control the RI selection of the corresponding CSI process at UE side.  If a small value of Pc is configured for a CSI process, UE will assume PDSCH power is low and hence low RI is fed back in higher chance in the corresponding CSI process.  Therefore, multi-component feedback is already supported in Rel-11.  

Observation 1: Multi-component feedback is already supported in Rel-11 specification.
4. MU-CQI

In order to achieve noticeable gain from MU-MIMO, accurate link adaptation and reliable dynamic switching between SU and MU-MIMO is very important.  For that, an accurate estimate of the CQI for MU-MIMO is necessary.  Best companion approach for single-cell is proposed in [1] for achieving better MU-CQI prediction. Orthogonal codewords in the current codebook have a much larger chance to be selected as a best companion. Hence, a UE can compute one or a set of best companion CQI based on the pre-assigned companion set(s).  However, it may be difficult for the UE to define pre-assigned companion set(s).  The network can signal the UE about the set(s) but it will costs additional signaling and there is signaling on delay if it is done via RRC.  It is expected standardization effort for this feedback mechanism is not small.

Starting from Rel-11, the UE can measure interference based on IMR. However, Rel-11 doesn’t specify the interference measurement to be done in a particular subframe explicitly.  It is a UE implementation issue to do the interference averaging across the IMR resources in different subframes.  We can reuse the new interference measurement scheme specified in Rel-11 with a small modification on reference subframe to obtain best companion CQI.  The network can assign a UE specific subframe which contains aperiodic IMR for interference measurement.  This subframe can be just the reference resource of aperiodic CSI feedback. If MU CSI feedback is required from the network, the network can trigger the UE to report aperiodic feedback.  At the same time, the network can generate interference signal from the serving TP on the IMR in the CSI reference resource.  The interference signal can be decided by the serving TP itself based on the expected scheduling in the future subframes.   Multiple UEs can share the same IMR if the same MU interferer is expected for these UEs.  If a different MU interfering precoder is expected for another UE, the network can do the same CSI triggering at some other subframe with transmission of interference with different precoder on the IMR as shown in the figure below. 
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In summary, periodic IMR can be shared by multiple UEs to achieve the effect of UE-specific aperiodic IMR if the network can control the interference averaging window on the UE.
Observation 2: MU-CQI can be obtained with multiple-CSI processes with aperiodic IMR.
Performance evaluation is done to observe the gain of MU-CSI with aperiodic IMR.  In our simulation the serving TP mimics the MU interference based on the interfering PMIs determined on the scheme described in [3].  MU-CSI is based rank-restricted to rank-1 only.  As shown in table 2, a good gain of 7.3% can be observed.  This scheme only requires small modification to specification of IMR provided that multiple CSI processes are already supported in Rel-11.

Table 2 Performance with MU CSI based on aperiodic IMR
	Rel-8 4Tx codebook
	Average spectral efficiency
	Cell edge spectral  efficiency

	Single SU CSI (baseline)
	2.314
	0.0591

	Multiple CSI with one MU CSI based on aperiodic IMR
	2.483 (7.3%)
	0.0590 (-0.1%)


Proposal 2: Configurable interference averaging window or aperiodic IMR should be supported in order to support MU-CQI.
5. Conclusion
In this contribution, we compare the performance with different subband size configurations.   We give our views and proposals considering the new CSI feedback schemes introduced in Rel-11.  Based on our analysis, we have the following proposals:
Proposal 1:  Different subband sizes of CQI and PMI should be considered.  Subband sizes of CQI and PMI are 3RBs and 6RBs repectively.

Proposal 2: Configurable interference averaging window or aperiodic IMR should be supported in order to support MU-CQI.
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Appendix A: Simulation assumptions and parameters

Table A1: System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
[image: image2.wmf](

)

a

=+

HHE

%

is used

	Feedback mode
	PUSCH reporting mode 3-2

	Subband size
	9RBs /6RBs /3RBs

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer 

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 
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