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1. Introduction
The agreed way forward [1] in RAN1 #60bis meeting opened some issues related to UL feedback signaling.
· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

With respect to channel state information (CSI) feedback signaling, for further refinements the way forward [2] below was agreed in RAN1#61 meeting.
· Aperiodic PUSCH: 

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework
· The report in aperiodic PUSCH is self-contained in the same subframe 

· One report can contain both W1 and W2 

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic PUCCH

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W_1/W_2 reporting procedure 
· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband 

· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details
In this contribution, following [3] we further provide the suggestion of the UL feedback signaling scheme on PUCCH and PUSCH for the agreed two-matrix feedback framework in Rel-10.
2. Discussions on design of two-matrix feedback framework for Rel-10
Enhanced MU-MIMO has been recognized as one of the important technologies to make Rel-10 fulfill ITU-R IMT-Advanced requirements. Figure 1 shows the block diagram of the agreed two-matrix feedback framework in the multiuser environment. Let W1(C1 be the matrix targeting wideband/long-term channel properties and W2(C2 be the matrix targeting frequency-selective/short-term channel properties. Moreover, W1 and W2 are indexed by PMI1 and PMI2 respectively.
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Figure 1:  Block diagram of the two-matrix feedback framework in the multiuser environment
The following design principles have been recognized:
1. It was agreed that implicit type of feedback (PMI/RI/CQI) will be used in Rel-10. 
2. In Rel-8, the codebook cannot fulfill the accuracy requirement for the MU-MIMO operation. By exploiting wideband/long-term and frequency-selective/short-term channel state information (CSI), it is expected that the agreed two-matrix feedback framework could efficiently improve the CSI accuracy with reasonable feedback overhead.
3. The enhanced feedback framework should support single-cell SU-MIMO and MU-MIMO. 
Due to the limited timeline of the Rel-10 specifications, as for the extended CSI feedback control signaling we consider trying to reuse the conventional Rel-8 structure, which not only reduce the specification effort but also save the loads of future testing. Based on this thought, we provide our suggestions as follows:
1. The periodic reporting of PMI/CQI/RI in LTE Rel-8 is supported on PUCCH [4]. The PUCCH capacity is quite limited and its payload size of only up to 11 bits per subframe can be supported. The CQI feedback types supported on PUCCH include wideband CQI and UE selected subband CQI. Due to the limited payload, only single wideband PMI modes are supported whereas subband PMI is not supported. The supported reporting modes related to CQI and PMI are listed below.
· Mode 1-1: Wideband CQI + Single PMI
· Mode 2-1: UE selected subband CQI + Single PMI
Table 1: CQI and PMI Feedback Types for PUCCH reporting Modes in Rel-8
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


When RI and wideband CQI/PMI are configured, they are time-multiplexed. That is, RI is transmitted in the different sub-frames from CQI/PMI. The RI reporting is based on a slower period with the interval as an integer multiple of wideband CQI/PMI period with a relative offset. Wideband CQI/PMI and subband CQI are reported in different sub-frames. When RI, subband CQI and wideband CQI/PMI are configured, the same set of CQI reporting instances is shared by both wideband CQI/PMI and subband CQI reports in a time-multiplexed fashion. Show the examples for mode 1-1 and mode 2-1 below. 
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Figure 2: PUCCH reporting mode 1-1 in Rel-8
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Figure 3: PUCCH reporting mode 2-1 in Rel-8
While we adapt the feedback framework for Rel-10 in the conventional Rel-8 structure for periodic reporting, from two-matrix proposals it seems not easy to use periodic PUCCH reporting of ≤ 11-bit payload to accommodate CQI/PMI​1/PMI​2 in the same subframe. Due to the tight timeline for Rel-10 completion, we suggest: 1) the PUCCH payload should be kept the same as Rel-8. 2) Put CQI and PMI2 in the same subframe. 3) Report PMI​1 together with RI or separate reports PMI1 from wideband CQI/PMI2 and RI in the periodic PUCCH reporting. In addition, considering PMI1 is reported with long period and the impact of the error is substantial, PMI1 needs to be heavily protected to reduce the error probability just like the reporting of RI in Rel-8 which is reported in a separate subframe and is heavily protected. 
Therefore, we provide detailed periodic feedback scheme on PUCCH for Rel-10 below:
· PMI2 is reported with wideband CQI 
· CQI/PMI2, PMI1/RI can be sent on PUCCH in different subframes, where PMI1/RI can be sent in different or the same subframes.
· Some new parameter like NOFFSET,PMI1 can be added to specify the location of PMI1
·  PMI1 should be robustly encoded to prevent from the long period of error propagation
· A new reporting mode for PUCCH is required which can be extended from mode 1-1/2-1 in Rel-8 and be defined in Table 7.2.2-1 of [4]. The new mode is used to specify the delivery of double matrices
Show some scenarios of the suggested scheme as follows.
[image: image4.png]Norsera Ny

NoxMiix(JxK+1)

4‘ Wideband CQI + PMI,

N,=6. Mu=2, Nossseru=-1.

F—

RI/PMI;

T Subband CQI




Figure 4: Scenario (a) of the suggested PUCCH feedback scheme
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Figure 5: Scenario (b) of the suggested PUCCH feedback scheme
2. The aperiodic reporting of CQI/PMI/RI in LTE Rel-8 is performed on PUSCH and is triggered by a UL scheduling grant [4]. PUSCH is used to transmit large and detailed reports. The aperiodic report size and message format is specified via Radio Resource Control (RRC) and the minimum reporting interval for aperiodic reporting is one subframe. With aperiodic reporting on PUSCH, in addition to wideband CQI and UE selected subband CQI, higher layer configured subband CQI reporting is also supported due to the larger payload size. The supported reporting modes related to CQI and PMI includes:
· Mode 1-2: Wideband CQI + Multiple PMI
· Mode 2-2: UE selected subband CQI + Multiple PMI
· Mode 3-1: Higher layer configured subband CQI + Single PMI
Table 2: CQI and PMI Feedback Types for PUSCH reporting Modes in Rel-8
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


In Rel-8 the conventional PUSCH ability can multiplex different control fields (ACK/NAK, CQI/PMI and RI) and data into the same SC-FDMA symbol block. If PMI1 and PMI2 are separated in different subframes, the extra UL grant indicator must be sent from the eNodeB. This will cause larger impact on the downlink control signaling design of the UL grant and the future testing effort, we hereby suggest: 
· Report  PMI1 and PMI2 in the same subframe concurrently with a UL grant indicator
3. Conclusion
In this contribution, we provide our further investigation for the periodic and aperiodic PMI/CQI/RI reporting on the PUCCH and PUSCH for the two-matrix based feedback structure in Rel-10.

· For the periodic reporting on the PUCCH, we suggest:
· PMI2 is reported with wideband CQI and the subband PMI2 is set to the system bandwidth
· CQI/PMI2, PMI1/RI can be sent on PUCCH in different sub-frames, where PMI1/RI can be sent in different or the same subframes.
· Some new parameter like NOFFSET,PMI1 can be added to specify the location of PMI1
· PMI1 should be robustly encoded to prevent from the long period of error propagation
· A new reporting mode for PUCCH is required which can be extended from mode 1-1/2-1 in Rel-8 and be defined in Table 7.2.2-1 of [4]. The new mode is used to specify the delivery of double matrices
· For the aperiodic reporting on the PUSCH, we suggest:
· Report  PMI1 and PMI2 in the same subframe concurrently with a UL grant indicator
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