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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. In RAN1#82bis meeting, BI report was agreed for CSI reporting class B with multiple CSI-RS resources configured for one CSI process. The transmission scheme of BI and corresponding CSI was also discussed. The agreements on aperiodic CSI feedback for BI report are listed below:
Agreements:
· BI represents the index of a CSIRS resource within the K configured CSIRS resources

· Channel part of CSI is measured on the CSIRS resource whose index corresponds to BI

· CSI comprises legacy RI/CQI/PMI based on legacy codebook

· BI is wideband

· CSI-process Class B with K>1 can be configured with 1 or multiple CSI-IM resources

· Different NZP CSI-RS resource may be associated with different CSI-IM
· BI on PUSCH

· BI is always triggered together with CSI

· FFS the time allowed for BI+CSI reporting

· FFS if CSI can be triggered without BI

· e.g. eNB indicates a CSI-RS resource (in the CSI-process) for CSI  measurement

· e.g. CSI based on the latest BI report 

· BI mapping on PUSCH: study the following alternatives

· Alt1: BI jointly encoded with RI

· Alt2: BI independently encoded, closer to DMRS than RI

· Alt3: BI independently encoded, farther to DMRS than RI

· Alt4: BI jointly encoded with CQI/PMI
In this contribution, we further discuss the aperiodic CSI feedback design to support BI and CSI report for CSI reporting class B. 
2. Discussion
2.1. CSI triggering for BI and CSI
When aperiodic CSI report is triggered for a CSI-process with K>1, UE would report a BI and corresponding CSI in the same PUSCH after triggering. The triggering mechanism and CSI feedback in Rel-12 can be reused. It is FFS whether eNB can trigger CSI report without BI for a CSI-process with K>1. The two possible scenarios are discussed below.

· Case1: CSI is reported based on the latest BI report. If CSI report without BI is triggered, CSI is measured on the CSI-RS resource corresponding to the last reported BI on PUSCH. Otherwise, CSI is measured based on the simultaneously reported BI. More states are needed in the DCI for CSI triggering to indicate whether BI would be reported. Also, two UCI transmission schemes should be supported in PUSCH: CSI only and BI/CSI. The channel coding and channel interleaver would vary with different payload, which brings additional complexity at UE. There will also be ambiguity as to the CSI decoding, if the first DL grant triggering BI report is missed by the UE, or if the first BI report is not successfully decoded by the eNB. 
· Case2: CSI is reported based on a BI indicated by eNB. In this case, if CSI is triggered without BI report, the UL grant indicates which CSI-RS resource is used for CSI measurement. The selected CSI-RS is decided by the eNB, for instance, the eNB may overwrite the reported BI and triggers CSI measurement on an arbitrary CSI-RS (e.g. if the beamforming creates less inter-cell interference). This provides the most scheduling flexibility at eNB. However, the UL grant overhead will increase accordingly (e.g. 3bits in UL grant are needed to indicate the BI with K=8). Furthermore, it would be difficult for eNB to decide the best beam without DL channel information.
Though allowing CSI report without BI can provide additional flexibility at eNB, the increase on UE complexity and DCI payload can’t be neglected. Considering the short time for the WI, it is proposed that only one feedback scheme (BI+CSI) is supported for aperiodic CSI report with K>1.
Proposal 1: 1-bit triggers BI and RI/PMI/CQI simultaneously for K>1.
2.2. CSI multiplexing of BI and RI/PMI/CQI
When report of BI and CSI is triggered, the BI can be jointly encoded with CSI (RI/PMI/CQI) or separately encoded. The multiplexing of BI and CSI on PUSCH should take detection performance into account. On one hand, the detection performance of BI should be comparable to or better than that of RI. On the other hand, the impact to detection of PUSCH and legacy CSI should be minimized. According to current agreements, the following four alternatives can be considered:
· Alt.1: BI and RI are jointly encoded and multiplexed in the same symbols (Figure 1a). 
Considering the size of RI and BI, the channel coding method to support UCI payload larger than 22 bits should be identified if up to 5 DL CCs are supported. Alternatively, the maximum payload of exiting dual-RM coding (22-bits) can be retained while the maximum number of CSI processes for aperiodic feedback is limited (e.g. to 3 processes). The impact to legacy UCI and PUSCH transmission is minimum with this option. 
· Alt.2: BI independently encoded, closer to DMRS than RI. 
Considering the importance of A/N feedback, the resource for A/N transmission should be reserved. Then BI can be transmitted in symbols {1, 5, 8, 12} which were used for RI transmission in Rel-12, and RI can be transmitted in symbols {0, 6, 7, 13} instead (Figure 1b). Better detection performance for BI transmission than RI can be ensured. One issue is that when SRS is transmitted in the same subframe, the last symbol is reserved for SRS, and only three symbols can be used for RI. In addition, it is not applicable to extended CP where there are only 12 symbols. A new RRC parameter 
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is needed for BI.
· Alt.3: BI independently encoded, farther to DMRS than RI. 
That is, BI can be transmitted in symbols {0, 6, 7, 13} which were not used for UCI transmission in Rel-12, so the transmission of other UCI is not impacted (Figure 1c). Considering the channel estimation of BI may be worse than that of RI, a configuration of 
[image: image2.wmf]BI

offset

b

targeting lower coding rate than RI is needed. Likewise, the issues of Alt.2 with SRS or extended CP also exist for Alt.3.
· Alt.4: BI is jointly encoded with PMI/CQI (Figure 1d). 
The impact to UCI transmission is slight with this alternative. However, since the coding rate as well as detection threshold of PMI/CQI is significant higher than RI, the performance of BI transmission can’t be ensured especially when UL MIMO is applied.
Considering the application scenarios (e.g. with SRS symbol or extended CP) and detection performance, it is preferred that Alt.1 is adopted for BI transmission. To support multiplexing of RI and BI, limitation to the number of CSI-process or new channel coding scheme (e.g. convolutional coding) should be further considered. Also, a new RRC parameter 
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 can be defined for joint transmission.

[image: image4.emf]Data CQI

ACK/NAK

RI+BI

           
[image: image5.emf]Data CQI

ACK/NAK BI

RI


(a)                                                               (b)

[image: image6.emf]Data

CQI

ACK/NAK BI

RI

          
[image: image7.emf]Data

CQI+BI

ACK/NAK

RI


(c)                                                          (d)
Figure 1: Alternatives for multiplexing of BI and UCI
Proposal: BI is jointly encoded with RI (as alt.1) if RI is reported.
2.3. BI transmission without RI/PMI report
For CSI feedback without RI/PMI, the BI would be reported separately. The channel coding and channel interleaver process of RI can be fully reused for BI. BI would occupy the same resource as RI as shown in Figure 2. A new RRC parameter 
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 may be introduced for BI for channel coding.
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Figure 2: Transmission of BI without RI/PMI

Proposal: If RI/PMI is not reported, the transmission scheme of RI is fully reused for BI.
3. Conclusion
In this contribution, we discuss the details of aperiodic CSI feedback to support BI report. Based on current agreements, we discuss the report mechanism of BI and CSI, as well as the transmission scheme of BI with or without RI/PMI. To summarize, we propose that:
Proposal: 1-bit triggers BI and RI/PMI/CQI simultaneously for K>1.
Proposal: BI is jointly encoded with RI (as alt.1) if RI is reported.
Proposal: If RI/PMI is not reported, the transmission scheme of RI is fully reused for BI.
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