Page 1

3GPP TSG-RAN WG1 #83 
R1- 157059
15th – 22th November 2015
Anaheim, USA
Agenda item:
6.2.4.3.2
Source: 
Qualcomm Inc.
Title: 
Remaining details on CSI reporting class B with K > 1
Document for:
Discussion/Decision
1 Introduction

In RAN1#82bis meeting [1], the following were agreed for CSI reporting with PMI for class B with K > 1 
Agreement:

· For a CSI-process configured with reporting class B with K>1 CSI-RS resources, a BI and CSI is reported
· BI represents the index of a CSIRS resource within the K configured CSI-RS resources
· Channel part of CSI is measured on the CSI-RS 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
· FFS: the name of BI in CR
Agreement:

· BI on PUCCH

· 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).

· 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 discuss the remaining details on CSI reporting for class B with K > 1. 
2 Discussion
For class B with K > 1, a CSI process is associated with K CSI-RS resources/configurations with Nk ports for the kth CSI-RS resource. For CSI reporting, UE may report a BI representing the index of one of the CSI-RS resources and the CSI corresponding to the selected CSI-RS resource. The BI feedback is wideband. For periodic BI report on PUCCH, the BI periodicity is configured as integer multiple of the RI periodicity. Based on these agreements, we will discuss the remaining details on BI and CSI reporting for class B with K > 1.
2. 1
BI report on PUCCH

For periodic BI report on PUCCH, the following two options are available for BI

· Option 1: BI is separately reported with RI and other CSI

· Option 2: BI is jointly reported with RI or other CSI with RI
For option 2, whenever BI is reported it is always reported in the same reporting instance as RI. The benefit is that RI can be updated accordingly when BI is reported. Because the number of CSI-RS ports for different CSI-RS resources can be different the maximum rank will be different for different CSI-RS resources. If BI and RI are reported separately as option 1, there is potential RI ambiguity if the last reported RI cannot be supported by the most recently reported BI. However, the issue with option 2 is the BI detection performance due to an increase of PUCCH payload size. According to last meeting agreements, a 3-bits is needed for BI. If BI and RI are multiplexed in the same report, the total payload size is 6-bits which is larger than the maximum RI feedback payload size, e.g., PUCCH reporting type 5 of the joint encoded RI and first PMI. According to [2] there is a dramatic 1.9dB drop in the required SNR when comparing 5 and 6 bits transmission. Since BI is long-term reporting, it shall be protected with higher reliability than RI if possible. Therefore, we slightly prefer to support option 1 for BI reporting on PUCCH.

Proposal 1: New PUCCH reporting type, e.g., type 7, is introduced for separate BI feedback for class B with K>1. 

If option 2 is supported also, it is preferred to limit the maximum payload size to 5 bits in order to maintain RI coverage and detection robustness. Therefore it is motivated to investigate the joint encoding scheme to reduce total payload to fit into a 5 bits report. One approach is to encode the RI and BI jointly across all the configured CSI-RS resources in the CSI process. In such case, the total payload size is limited by total number of CSI-RS ports across all the CSI-RS resources, e.g., Ntotal= N1+…+NK. For example, for Ntotal <= 32 the joint RI/BI has at most 5 bits. In Table 1 and 2, we show examples of two possible encoding schemes based on this approach. In the examples, we assume K = 5 and the corresponding number of CSI-RS ports for each resource are N0 = 2, N1 = N2 = 1, N3 = 4, and N4 = 8 as well as maximum 8 layers supported by UE. The difference between two encoding schemes is the encoding order. The codepoints are in the order of CSI-RS resource In Table 1 and in the order of the rank in Table 2. 
Table 1. Joint RI/BI encoding scheme 1
	IBI/RI
	BI
	Rank

	0 ≤ IBI/RI ≤ 1
	0
	IBI/RI + 1

	IBI/RI = 2
	1
	IBI/RI − 1

	IBI/RI = 3
	2
	IBI/RI − 2

	4 ≤ IBI/RI ≤ 7
	3
	IBI/RI − 3

	8 ≤ IBI/RI ≤ 15
	4
	IBI/RI − 7


Table 2. Joint RI/BI encoding scheme 2
	IBI/RI
	Rank
	BI

	0 ≤ IBI/RI ≤ 4
	1
	IBI/RI

	5 ≤ IBI/RI ≤ 7
	2
	g2(IBI/RI − 5)

	8 ≤ IBI/RI ≤ 9
	3
	g4(IBI/RI − 8)

	10 ≤ IBI/RI ≤ 11
	4
	g4(IBI/RI − 10)

	12
	5
	g8(IBI/RI − 12)

	13
	6
	g8(IBI/RI − 13)

	14
	7
	g8(IBI/RI − 14)

	15
	8
	g8(IBI/RI − 15)


Note: The function gr(i) determines the index of the i-th resource which contains at least r antenna ports
Proposal 2: The jointly reported BI/RI shall have at most 5-bits as determined by total number of CSI-RS ports across all the CSI-RS resources. Down-selecting encoding schemes listed in Table 1 and 2. 

As discussed before, the number of CSI-RS ports can be different for K CSI-RS resources associated with a CSI process. Currently, PUCCH reporting mode/submodes and the associated reporting types are dependent on number of antenna ports. For example, PUCCH mode 1 submode 1 and 2 cannot be used for 2 antenna ports. As another example, for PUCCH mode 2-1, type 1 and 1a are used for subband CQI reporting for 2- and 8-ports, respectively. Therefore, it shall be determined on the available reporting types for class B with K>1 and different Nk. 
One solution is to pre-determine the available CSI reporting types for PUCCH mode 1-1 and 2-1. The reporting types can be down selected or merged from the existing types but supporting all antenna ports of {1, 2, 4, 8}. Therefore, the CSI reporting types for a given PUCCH mode is fixed and not changed with the reported BI. For example, PUCCH mode 1-1 for class B with K>1 can include three reporting types as illustrated in Figure 1 below. However, specification efforts to extend CSI reporting types for supporting all antenna ports are not marginal. Therefore, we propose to switch CSI reporting types based on the reported BI. In such case, PUCCH mode 1-1 w/ and w/o submodes can be used together based on the number of CSI-RS ports associated with the selected CSI-RS resource as shown in Figure 2 below. 
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Figure 1. Extension of PUCCH Mode 1-1 for class B with K>1
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Figure 2. CSI reporting types switching based on the last reported BI
Proposal 3: For class B with K>1, the CSI reporting types in a periodic reporting mode are determined based on the last reported BI. In the absence of a last reported BI, UE shall determine CSI reporting types conditioned on a CSI-RS resource with the lowest resource index in the CSI process

Similarly, if BI and RI are reported separately and RI is not reported after BI reporting, the calculation of CQI/PMI shall be conditioned on a reference rank. The reference rank can be the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction associated with the CSI-RS resource identified by the last reported BI. The usage of the last reported RI before BI reporting can also be considered. A rule must be defined if the last reported RI exceeds maximum rank supported by the CSI-RS resource according to the last reported BI. Therefore, it is desirable that the RI or PMI report is valid only for CSI reports for that CSI-RS resource indicated by the last reported BI.
Proposal 4: Any RI or precoding matrix indicator reported is valid only for CSI reports for that CSI-RS resource indicated by the last reported BI. 

Proposal 5: In the absence of a last reported RI after BI reporting, the calculation of CQI/PMI shall be conditioned on a default reference rank which can be the lowest possible RI associated with the selected CSI-RS resource. 

2. 2
BI report on PUSCH

For BI report on PUSCH, the following alternatives were proposed during last meeting
· Alt. 1: BI jointly encoded with RI

· Alt. 2: BI independently encoded, closer to DMRS than RI

· Alt. 3: BI independently encoded, farther to DMRS than RI

· Alt. 4: BI jointly encoded with CQI/PMI
The selection of the alternative needs to consider several factors. Firstly, if different number of CSI-RS ports are used for K CSI-RS resources then the CQI/PMI payload size is determined by the BI. Therefore, Alt. 4 can be excluded. Secondly, if the RI payload for the selected CSI-RS resource is determined also by the associated number of antenna ports then the reported BI also has an impact on RI. For both Alt. 2 and 3, eNB needs to firstly decode BI to know the RI payload size which will increase the RI/PMI/CQI decoding latency. There are also other issues related to Alt. 2 and 3. If BI or RI is mapped to symbols {0, 6, 7, 13} which are not used for UCI transmission in Rel-12, one additional coding offset parameter is needed. As discussed in [3], the mapping to symbols {0, 6, 7, 13} is not supported by extended CP. The transmission on last symbol may conflict with potential SRS transmission. Considering BI/RI detection performance Alt. 2 and 3 are thus not preferred.  
Proposal 6: If different Nk are used for K CSI-RS resources BI and RI are jointly encoded and multiplexed on the same OFDM symbols used for RI transmission in Rel-12. 

The joint encoding scheme for BI and RI on PUCCH can also be used for PUSCH. If total number of CSI-RS ports across K CSI-RS resources is no more than 32 then the jointly encoded BI/RI has a payload at most 5-bits. For multiple CSI processes and multiple DL serving cells, the jointly encoded BI/RI can be aggregated with the RI report of other CSI processes and other DL serving cells. One potential issue is the total payload size could be larger than 22 bits due to up to 5 DL CCs and/or CSI processes. In such case, a new channel coding scheme such as tail biting convolutional coding (TBCC) can be considered for the joint RI/BI report. 
Proposal 7: Further study on using TBCC for the joint BI/RI report if the total payload size is more than 22 bits. 

2. 3
CSI reporting without PMI
As discussed in RAN1#82bis meeting another remaining issue is whether or not to support CSI reporting without PMI for class B. There were two proposals. In [4], it was proposed that a CQI/RI can be reported by assuming a predetermined wideband precoding matrix for a CSI process associated with one CSI-RS resource configuration with L={1, 2, 4} CSI-RS ports. The assumed precoding matrix is only used to determine CQI/RI and not reported by UE. Compared to CSI reporting with PMI there is a saving on wideband PMI feedback. However, this saving is marginal since the wideband PMI payload is very small. Secondly, the proposal in [4] assumes that the unreported precoding matrix is to implement port selection. This implies that CSI-RS precoding is based on eigen-vectors from UL channel estimate and the precoding is to orthogonalize the channel on the beam space. In partial scenario, perfect channel knowledge is not possible at eNB and hence perfect orthogonalization is not possible. For cross-polarized antenna array the phase difference between two polarization groups can be short-term adapted according to channel variation. In such case, it is desirable to request UE to feedback the co-phase weights of two polarization groups according to the PMI. eNB can determine only long-term beamforming vectors for each group of correlated antennas without the need for excessive relying on UL SRS.
The proposal in [5] is to introduce BI feedback for feedback modes 1-0, 2-0 and 3-0 for Nk=2 and 4. It is noted that BI feedback for Nk=1 is already supported per agreement made in RAN1#82bis. Therefore it seems straightforward to extend the support also to Nk=2 and 4.  
Proposal 8: BI feedback can be introduced for feedback modes 1-0, 2-0 and 3-0 for Nk=2 and 4. 

3
Conclusion

In this contribution, we discuss the remaining details on CSI reporting for class B with K>1. 
For BI feedback on PUCCH, we propose that:

Proposal 1: New PUCCH reporting type, e.g., type 7, is introduced for separate BI feedback for class B with K>1. 

Proposal 2: The jointly reported BI/RI shall have at most 5-bits as determined by total number of CSI-RS ports across all the CSI-RS resources. Down-selecting encoding schemes listed in Table 1 and 2. 

Proposal 3: For class B with K>1, the CSI reporting types in a periodic reporting mode are determined based on the last reported BI. In the absence of a last reported BI, UE shall determine CSI reporting types conditioned on a CSI-RS resource with the lowest resource index in the CSI process

Proposal 4: Any RI or precoding matrix indicator reported is valid only for CSI reports for that CSI-RS resource indicated by the last reported BI. 

Proposal 5: In the absence of a last reported RI after BI reporting, the calculation of CQI/PMI shall be conditioned on a default reference rank which can be the lowest possible RI associated with the selected CSI-RS resource. 

For BI feedback on PUSCH, we propose that:

Proposal 6: If different Nk are used for K CSI-RS resources BI and RI are jointly encoded and multiplexed on the same OFDM symbols used for RI transmission in Rel-12. 

Proposal 7: Further study on using TBCC for the joint BI/RI report if the total payload size is more than 22 bits. 

For CSI reporting without PMI, we propose that:

Proposal 8: BI feedback can be introduced for feedback modes 1-0, 2-0 and 3-0 for Nk=2 and 4. 
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