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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 periodic CSI feedback including 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 PUCCH

· BI periodicity is RRC configured as an integer multiple of RI periodicity (can be equivalent)

· PUCCH mode 1-1: study the following alternatives

· Alt1: BI is separately reported with RI (and other CSI)

· Alt2: BI is jointly reported with RI 

· FFS joint coding of BI + RI/W1 (PUCCH mode 1-1 submode 1)

· BI is not jointly coded with any other CSI without RI 

· Alt3: BI is jointly reported with PMI

· FFS: details for PUCCH mode 2-1
· BI is reported on PUCCH 2/2a/2b.

· FFS additional support of PUCCH format 3

· CSI type(s) with BI has higher priority than CSI type(s) without BI

· e.g., RI, RI/W1, W2/CQI, W1/W2/CQI, PMI/CQI.

· CSI types with BI are of the same priority.

· Collision handling follows Rel.12 principles (e.g. based on CSI priority, CSI-process index, and CC-index).
In this contribution, we further discuss the remaining issue on periodic CSI feedback with BI report for class B.
2. Discussion
2.1. BI multiplexing with RI/PMI/CQI
For periodic CSI report with RI/PMI/CQI, BI can be reported separately or jointly with RI or PMI/CQI. The reporting types and PUCCH transmission vary with different multiplexing schemes.
· Alt.1: BI is separately reported with RI/PMI/CQI
In this option, separate resource parameter (subframe offset) should be defined for BI. A new reporting type is needed to support BI only report. If BI collides with other CSI, the CSI would be dropped. Since the periodicity of BI is several times of RI periodicity, the collision of BI and RI should be avoided via eNB scheduling otherwise there would be continuous collision. For BI report, more PUCCH resources are needed, while the detection performance of RI/PMI/CQI would not be impacted. Since the RI and BI are updated in different time, there may be latency between report and application of BI. For example, the PMI/CQI would not be updated according to the latest reported BI until a RI based on the BI is reported.
· Alt.2: BI is jointly reported with RI
For Alt.2, BI is jointly reported with RI, and RI can be separately reported or jointly reported with BI. No additional PUCCH resource is needed for BI. Then RI can be updated accordingly without latency when BI is reported in the same PUCCH. The performance of RI would be slightly degraded due to lager payload. If joint coding of BI and RI/first PMI is supported in PUCCH mode 1-1, the maximal payload would be up to 8bits, while the maximal payload would be 7 bits for BI and RI/PTI in PUCCH mode 2-1. The detection performance of different payload is shown in Figure 1. It can be found that adding a BI to current reporting type would lead to a maximal degradation of about 1.5dB. It should be noted that if more Rx antennae (e.g. 8/16) are allocated with FD-MIMO, the PUCCH coverage can be further improved and the detection threshold could be very low.
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Figure 1: PUCCH detection performance with different payloads
· Alt.3: BI is jointly reported with PMI.
It is unclear what should be the UE behavior for this alternative. Our understanding is that RI is dependent on BI, and PMI/CQI is dependent on RI; hence from time-domain reporting order perspective, BI should not be later than RI report, and RI should not be later than PMI/CQI report. If BI is reported with PMI (and later than RI), there may be some issue with the interpretation of RI at the eNB scheduler. Secondly, the performance of BI would be much degraded, since CQI/PMI payload is much higher than RI.  Lastly, BI+CQI/PMI overhead may exceed 11-bits and not fit into PUCCH format 2/2a/2b.
According to the above analysis, alt.2 is preferred to reduce the PUCCH overhead as well as the latency between BI report and CSI updating, considering the detection performance is acceptable. From Figure 1, it can also be found that the performance difference between RI+BI (e.g.6bits) and RI+PTI+BI/RI+W1+BI (e.g.7-8bits) is very small (smaller than 1dB). Hence multiplexing of BI and RI with or without PTI/first PMI can both be supported. Then three new PUCCH reporting types could be defined based on type 3, 5, 6.
Proposal: BI is jointly report with RI (with or without PTI/first PMI) in one PUCCH resource.
Proposal: Three new PUCCH reporting types are introduced for multiplexing of BI and RI.

2.2. BI transmission without RI/PMI report
For CSI feedback without RI/PMI, the BI would be reported separately. A new reporting type is needed to support BI only report. The transmission mechanism of RI can be reused for BI. Similar to the case with RI report, the periodicity of BI can be an integer multiple of that of CQI.
Proposal: For CQI feedback without RI/PMI, BI is reported stand-alone, with periodicity equal to or an integer multiple of CQI periodicity.
3. Conclusion 
In this contribution, we discuss the design of PUCCH feedback to support beam selection indicator. We provide the mechanism to report BI in PUCCH, including the PUCCH format, reporting type and dropping rule for BI. In principle of minimized specification impact and feedback overhead, we propose that:
Proposal: BI is jointly report with RI (with or without PTI/first PMI) in one PUCCH resource.

Proposal: Three new PUCCH reporting types are introduced for multiplexing of BI and RI.
Proposal: For CQI feedback without RI/PMI, BI is reported stand-alone, with periodicity equal to or an integer multiple of CQI periodicity.
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5. Appendix

Table 1: Link level simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	PUCCH resource
	1RB

	Modulation type
	QPSK

	UCI payload
	3-8bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	PUCCH format
	2a





























































































































