3GPP TSG-RAN1 #61bis
R1-104046
Dresden, Germany, June 28 – July 2, 2010
Agenda Item:
6.3.4
Source: 
Fujitsu

Title: 
CSI Feedback for LTE-A with Double Codebook Structure
Document for:
Discussion and Decision
1. Introduction
Double codebook structure for DL is agreed for Rel.10 system, where a precoder for a subband is composed of two matrices W1 and W2. W1 targets wideband and/or long-term channel properties. W2 targets frequency selective and/or short-term channel properties. The following agreements were reached [1] about CSI feedback signaling on PUSCH and PUCCH in RAN1 meeting #61,
· 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
Based on these agreements, we give our analyses on CSI feedback in LTE-A, mainly on periodic feedback on PUCCH.
2. Discussion
There are four CSI feedback modes defined for Rel.8 periodic feedback on PUCCH, and four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode [2]. Mode 1-1 and Mode 2-1 are mainly used for UEs with CL-MIMO transmission mode. One example of feedback mode 2-1 is illustrated in Fig.1. The feedback period of wideband CSI is determined by the number of bandwidth part J, the number of full cycles K and the CQI/PMI reporting instance Np. K and Np are configured by high layer.
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Fig.1 Rel.8 feedback structure (mode 2-1)
When considering using Rel.8 CSI feedback structure for Rel.10, two differences should be noted between Rel.8 and Rel.10. On one hand, the channel state information in Rel.8 is estimated using CRS, which is transmitted in each subframe.  However in Rel.10, the CQI/PMI is estimated using CSI-RS, which is transmitted every 10ms or 5ms. It is then found that if totally reusing Rel.8 feedback structure, there is the issue that UE may feedback two same CSI estimated using the same CSI-RS in two different subframes. One example is illustrated in Fig.3, where CSI-RS is transmitted in subframe #1 in each frame. The number of the bandwidth parts in this example is J=4. K=2 and Np=2. Assuming there is no processing delay, which means the CQI/PMI can be fed back in the subframe right after UE received CSI-RS. Then in frame 3, the same CQI values of the selected subband in bandwidth part 1 are fed back twice in SF #1 and SF #9, respectively, estimated using CSI-RS transmitted in SF #1 in frame 3.
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Fig.2 Rel.10 CSI feedback reusing Rel.8 sturcutre
To resolve this issue, one simple option is UE do not feedback anything in the subframe with CSI values estimated using the same CSI-RS in former subframes for the same BP. The other option is to configure other type of CSI to be fed back in the subframe with same CSI values.
Proposal 1: In the subframes with CSI values estimated for the same BP using the same CSI-RS, one alternative is UE only feedback once in one subframe and do not feedback anything in other subframes. The other alternative is to configure other CSI values to be fed back in the subframe with same CSI values.
On the other hand, Rel.8 adopts coarse CSI feedback in PUCCH both in time domain and frequency domain. Furthermore, there is no subband PMI feedback supported in PUCCH for CL-MIMO, just wideband PMI. Subband CQI is calculated assuming wideband PMI is used as the precoder. However in Rel.10, although coarse feedback is also supported, subband PMI (W2) should be fed back at least for CSI mode 1 [1]. If the size of codebook for subband PMI is small, one option is jointly encoded W2 with other CSI, such as its corresponding subband CQI, wideband CQI [3], etc. The other option is jointly encoded W2 of all the subbands for reporting, then fed back in the same subframe. One example of this option is shown in Fig.3. 
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Fig.3 CSI feedback with subband PMI joint encoding
Proposal 2: W2 is preferred to be encoded with other CSI, such as its corresponding subband CQI, etc. The other option is jointly encoded W2 of all the subbands for reporting.
3. Conclusions

In this contribution, we have the following proposals for CSI feedback for LTE-A:
Proposal 1: In the subframes with CSI values estimated for the same BP using the same CSI-RS, one alternative is UE only feedback once in one subframe and do not feedback anything in other subframes. The other alternative is to configure other CSI values to be fed back in the subframe with same CSI values.
Proposal 2: W2 is preferred to be encoded with other CSI, such as its corresponding subband CQI, etc. The other option is jointly encoded W2 of all the subbands for reporting.
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