Page 1

3GPP TSG-RAN WG1 #88
R1-1702536
13th – 17th February 2017

Athens, Greece
Agenda item:
7.2.2.6
Source: 
Qualcomm Incorporated
Title: 
Remaining details on advanced CSI
Document for:
Discussion and Decision
1 Introduction

In 3GPP RAN1#87 meeting, the working assumption on advanced codebook design for eFD-MIMO was made. It was also agreed that both PUSCH based and PUCCH based CSI feedback is supported for advanced CSI [1]. In this contribution, we further discuss the remaining issues on advanced CSI reporting for eFD-MIMO including P-CSI and A-CSI feedback details.
2 Discussion
For the advanced CSI codebook there is an increase on the CSI feedback overhead due to the feedback of the beam combination coefficient. Table 1 below shows the W1/W2 overhead of the advanced CSI codebook for 8, 16 and 32-ports. Compared to the legacy beam selection codebook, the W1 overhead is increased to maximum 9 bits to 13 bits and the W2 overhead is increased from 4 bits to up to 12 bits. It is noted that both W1 and W2 overhead exceed the PUCCH format 2 capacity, e.g., 11 bits.
Table 1: Feedback overhead for the advanced CSI codebook
	Rank
	W1 overhead
	W2 overhead

	
	8
	16
	32
	

	1
	10
	12
	13
	6

	2
	10
	12
	13
	12


There are potentially two options for the PUCCH based CSI feedback.

Option 1: Apply codebook subsampling for periodic CSI feedback. 

Option 2: Use PUCCH format 3 for advanced CSI feedback on PUCCH
Option 1 will reduce the W1/W2 overhead to the target size by using the codebook subsampling, however, for different feedback mode and reporting types, the required codebook subsampling approaches may be different. To reduce the specification effort a simple approach is preferred for the codebook subsampling. One possibility is to fix the power of the weaker beam to zero. In such case, the advanced CSI will fallback to the legacy beam selection codebook. The W1 feedback will select one dominant beam from a set of oversampled 2D DFT beams and W2 feedback will include only cross-polarization co-phasing. Table 2 below shows the feedback overhead for the subsampled advanced CSI codebook. It can be seen that the maximum W1 and W2 overhead is only 8 bits and 2 bits respectively. Therefore, it shall be possible to reuse the existing PUCCH feedback mode and reporting type for the PUCCH based advanced CSI feedback.
Table 2: Feedback overhead based on codebook subsampling
	Rank
	W1 overhead
	W2 overhead

	
	8
	16
	32
	

	1
	6
	7
	8
	2

	2
	6
	7
	8
	2


According to option 2, PUCCH format 3 is used for the advanced CSI feedback on PUCCH. Since PUCCH format 3 can contain up to 22-bit payload, it can provide sufficient capacity for transmit the advanced CSI, such as W1 or W2/CQI. However, the PUCCH format 3 is designed to transmit the A/N for multiple CCs, there is an issue to be addressed when PUCCH format 3 is also used for CSI feedback, such as CSI and A/N collision. Another thing to note is that even with PUCCH format 3 it is not possible to transmit the RI, W1 and W2/CQI within one subframe since the total payload may exceed 22 bits. Therefore, this alternative still introduces inter-subframe dependency between two reporting instances. Using format 3 for all the advanced CSI reporting scenarios seems inefficiency when the reporting payload is very low. If a PUCCH format is selected based on the reporting payload size, e.g., using format 2 for payload < x bits, the coverage issue considering the feedback overhead shall be carefully studied.
Based on the above discussion, we prefer to use the codebook subsampling for periodic CSI feedback for the advanced CSI codebook. Thus we propose 

Proposal 1: For PUCCH-based CSI reporting, codebook subsampling is used for the advanced CSI codebook by fixing the power of the weaker beam to zero. 

For PUSCH-based aperiodic CSI feedback, the issues are the triggering mechanism, encoding and CSI mapping. In our view, the existing feedback mode can be extended to support the advanced CSI codebook. That it, UE will report the RI, W1, and W2/CQI in the same subframe according to the received A-CSI request in UL DCI. The encoding and RE mapping can be same as the legacy. One thing to note is the coverage issue for advanced CSI feedback on PUSCH due to the increase of the feedback overhead. For example, when subband PMI/CQI is configured for A-CSI feedback, the total payload of PMI/W1 may be up to 13+12*13+8+4*13=229 bits (e.g, #subbands=13, W1 13 bits, W2: 12 bits, wbCQI: 8 bits and sbCQI 4 bits for rank 2). Assuming 4 symbols used for RI, there are 8 symbols available for CQI/PMI transmission. Then for N_RB=4 and QPSK assignment, the coding rate of the CQI/PMI will be close to 0.3. Therefore, when A-CSI only feedback without UL-SCH is configured for the advanced CSI codebook, the lowest coding rate is no more than 1/3 which may result in a poor coverage issue especially fro strong inter-cell interference on the reporting UL subframes.

The following two options can be considered for improving the coverage when the advanced CSI is reported on PUSCH, especially for A-CSI only feedback without UL-SCH.
Option 1: Additional power boosting for advanced CSI on PUSCH 

Option 2: Relax the restriction on max #RBs for A-CSI only feedback on PUSCH w/o UL-SCH
The power boosting in option 1 can be achieved by configuring a different beta_offset for advanced CSI feedback on PUSCH, e.g., different CQI/PMI beta_offset values for the advanced CSI codebook and the legacy beam selection codebook. For option 2, it was proposed to remove the existing limitation on max #RBs for A-SCI only feedback, e.g., max 4 RBs for single CC and 20 RBs for multiple CCs, so that the coding rate for the advanced CSI can be controlled by the eNB via assigning more RBs for the advanced CSI feedback. Compared to option 1, option 2 has the advantage on flexibly controlling the coding rate required for the advanced CSI.
Proposal 2: For PUSCH-based CSI reporting, the restriction on the maximum number of RB assignment for A-CSI only feedback without UL-SCH shall be removed for the advanced CSI. 

3
Conclusion

In this contribution, we discuss the P-CSI and A-CSI feedback for the advanced CSI codebook and we propose:
Proposal 1: For PUCCH-based CSI reporting, codebook subsampling is used for the advanced CSI codebook by fixing the power of the weaker beam to zero. 

Proposal 2: For PUSCH-based CSI reporting, the restriction on the maximum number of RB assignment for A-CSI only feedback without UL-SCH shall be removed for the advanced CSI. 
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