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1. Introduction

In RAN1#82bis, for reporting class B, the following agreements on CSI reporting have been reached [1][2]: 
Agreements:
· For K>1 

· For each of the K beams, a value Nk={1, 2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource 

· BI feedback is included in CSI report to select one out of K beams 

· For the selected beam k=k’, CSI reporting based on legacy codebook for Nk’ ports

Agreements:
· 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 potential standardization on periodic CSI reporting and aperiodic CSI reporting for Class B.
2. Periodic CSI Reporting on PUCCH

For reporting class B, multiple CSI-RS resources corresponding to different beams can be configured in a CSI process. The UE will choose one preferred CSI-RS resource, and measure CSI based on the selected resource.  The beam index (BI) or CSI-RS index (CRI) of selected beam/CSI-RS and quantized CSI based on the selected CSI-RS should be fed back. In the following sub-section, we consider three options for feeding back BI information on PUCCH.
2.1 BI in PUCCH Feedback mode with PMI 

Option-A: BI is separately reported 
The major advantage of this option is to have strong protection on BI.  In addition, this does not affect the protection and performance of the exaisting CSI reports like RI and PMI since joint coding with RI or This option increases the number of reporting instance to 3 and 4 in reporting mode 1-1 and 2-1 respectively.  There are following concerns on this option:
· Increasing number of reporting instances reduces overall available PUCCH resource in the system. It becomes more difficult to multiplex more users on the PUCCH resources. 
· It has higher risk of error propagation and potentially incurs more delay.
· Feedback for multiple CSI processes/CCs is already supported on PUCCH.  It is hard to support more CSIs on PUCCH.
· It increases the standardization effort at lot as RRC is needed to configure the new report type and collision rule may have to be defined or changed.

Option-B： BI is jointly reported with RI 
Different resource may have different channel and interference condition.  If selected CSI-RS resource is changed, RI should be updated at the same time. A natural way is to jointly code BI and RI in one report type, e.g jointly report BI and RI, BI and RI and PTI, BI and RI and i1.  Benefit of the scheme is that it builds on Rel-12 reporting principles and allows full reuse of existing signaling structures. Also the reporting periodicity of RI and BI is similar which makes more sense for reporting.  This option seems appealing since it minimizes the need for changes in the standard and the network implementation. 

The major issue of joint report of BI and RI is the increase of payload size of Format 2/2a/2b which degrades the PUCCH link performance. Since up to 8 CSI-RS resources is supported, 3 additional bits are needed on top of the original RI bits.  At the same time, we are aware of the following points:

· Number of required bits for RI is usually just 1 to 2 bits as number of maximum layers supported by the UE is usually 2 or 4.
· Sum(Nk) is still an open issue. When K=8, Nk is often small to keep the complexity and CSI-RS overhead low.  So RI payload in such case is expected to be low too.

· Uplink performance is improved for FD-MIMO as number of receive antennas at eNB is increased.  

Therefore, it seems increased payload size due to joint report of RI and BI is not a serious issue.

Option-C： BI is jointly reported with PMI
For CSI on PUCCH Format 2/2a/2b, the maximum payload is 11 bits per reporting instance.  For codebook based on 4Tx, PMI needs at least 4 bits and CQI needs 7 bits when there is more than one layer. So it is difficult to introduce BI content to the report type with PMI and CQI.  One possible way is to have joint-report of BI and i1 for dual PMI cases e.g. in mode 2-1.  However, it is not reasonable to have BI report after RI as BI should not be conditioned on RI.  
Observation：
· Option-B builds on Rel-12 reporting principles and allows full reuse of existing signaling structures which has the smallest impact on standard
· Increased payload size due to joint report of RI and BI is not a serious issue in Option B.  Compression scheme can be considered if it is necessary. 
Proposal 1：Adopt Option-B for BI reporting in PUCCH feedback mode 1-1 and 2-1
If Option-B is adopted, all the possible joint reporting instances in PUCCH mode 1-1 and 1-2 with single or dual-PMI codebook are listed in the following Table 1.  We categorize them to 3 types (i.e. X,Y,Z).
	 Feedback mode
	  Codebook type
	New Reporting Type
	Maximum number of bits

	PUCCH Mode 1-1
	Singe PMI Codebook 
	Type X: BI and RI
	     6 bit

	PUCCH Mode 2-1
	Singe PMI Codebook 
	
	

	PUCCH Mode 1-1 CSI mode 2
	Dual PMI Codebook 
	
	

	PUCCH Mode 2-1
	Dual PMI Codebook 
	Type Y: BI,RI and PTI
	     7bit

	PUCCH Mode 1-1 CSI mode 1
	Dual PMI Codebook 
	Type Z: BI,RI and i1
	     8bit


                   Table 1 jointly reporting instances and maximum bits 
Simulation has been conducted to show the link level performance of Format2/2a/2b with payload ranging from 2 bit to 12 bit and the result is shown in Figure 1. From Figure 1, we can see that if the overhead is increased, BLER in increased.  The results of the simulation shows that the suitable payload of the reporting type which contains BI and RI is less than 6 bit. Note that Type X,Y,Z consume 6,7,8bits which degrades the link performance of BI and RI joint report compared to RI only report.  Thus we should consider how to reduce the maximum overhead of reporting Type X, Y and Z.
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Figure 1 BLER performance of Format 2/2a/2b with different payload
We can consider two alternatives to reduce the overhead of the joint RI/BI report.
Alternative 1：Restrict the maximum RI and the bit-width of RI on PUCCH
The payload size of RI depends on the K value i.e. BI bit-width.  If K is large, we restrict RI to a smaller range as shown in Table 2.
	Reporting Type
	  K Value and BI overhead
	Restriction of RI bitwidth and range 

	Type X: BI and RI
	     K=8, 3bit BI
	2bit: RI∈{1,2,3,4}

	
	K=4, 2bit BI
	3bit: RI∈{1,2,…,8}

	
	K=2, 1bit BI
	3bit: RI∈{1,2,…,8}

	Type Y: BI,RI and PTI
	     K=8, 3bit BI
	Maximum 1bit, RI∈{1,2}

	
	K=4, 2bit BI
	Maximum 2bit, RI∈{1,2,3,4}

	
	K=2, 1bit BI
	Maximum 3bit, RI∈{1,2,…,8}


                   Table 2 Restriction of RI bit-width for Type X and Y
Alternative 2：Restrict the maximum number of beams and the bit-width of BI on PUCCH
We can define Kpucch parameter as the maximum number of beams available for PUCCH.  This can restrict the bit-width of BI in some cases so that the payload of the joint report doesn't exceed 5 bit as shown in Table 3.
	Reporting Type
	RI bit and range
	Restriction of Kpucch Value and BI overhead

	Type X: BI and RI
	1bit, RI∈{1,2}
	Maximum Kpucch =8, 3bit BI on PUCCH

	
	2bit, RI∈{1,2,3,4}
	Maximum Kpucch =8, 3bit BI on PUCCH

	
	3bit, RI∈{1,2,…,8}
	Maximum Kpucch =4, 2bit BI on PUCCH

	Type Y: BI,RI and PTI
	1bit, RI∈{1,2}
	Maximum Kpucch =8, 3bit BI on PUCCH

	
	2bit, RI∈{1,2,3,4}
	Maximum Kpucch =4, 2bit BI on PUCCH

	
	3bit, RI∈{1,2,…,8}
	Maximum Kpucch =2, 1bit BI on PUCCH


Table 3 Restriction of Kpucch value for Type X and Y
Considering different demand and characteristics for PUCCH and PUSCH CSI feedback, separate configuration of CSI-RS resources for PUCCH and PUSCH should be supported.  For this solution, the eNB basically needs to select Kpucch CSI-RS resources out of K CSI-RS resources for channel measurement for periodic CSI feedback on PUCCH.  
For Type Z, it may need use the both methods to reduce the overall payload as shown in Table 4.
	Reporting Type
	Restriction of RI&i1 bit and range
	Restriction of Kpucch Value and BI overhead

	Type Z: BI,RI and i1
	RI&i1 4bit, RI∈{1,2}
	Maximum Kpucch =2, 1bit BI on PUCCH


Table 4 Restriction of Kpucch Value and RI&i1 bit for Type Z
Proposal 2：

· For Type X and Y, restrict the bit-width of RI or BI on PUCCH
· For Type Z, restrict the bit-width of both RI and BI on PUCCH
2.2 BI on PUCCH Feedback mode without PMI 

For beam selection with Nk=1 and K>1, feedback mode 1-0 or mode 2-0 is used without PMI.  It's still FFS on how CQI is derived for the case Nk>1 but at least BI feedback should be supported for Nk=1 case.
Proposal 3： BI feedback is introduced for PUCCH feedback modes 1-0, 2-0.
For feedback modes 1-0, 2-0, we have 2 options of using BI feedback.
Option-1: BI is separately reported 
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               Figure 2 BI is separately reported in PUCCH mode 1-0 and 2-0

In this case, BI has strong protection.  However, mode 1-0 and 2-0 will increase the additional reporting instance. This has higher standardization effort.  Since CQI is based on BI, it will have the risk of error propagation if they are in different subframe. It also incurs higher CSI delay.
Option-2: BI is jointly reported with CQI 
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            Figure 3 BI is jointly reported with CQI in PUCCH mode 1-0 and 2-0
When BI is jointly reported with CQI, the payload size is increased from 4 bit to 7 bit at maximum. This degrades the link performance. On the other hand, it has less risk of error propagation and lower CSI delay.  As the same configuration signaling can be reused, it has lower standardization effort.    

Proposal 4：Adopt Option-2 i.e. BI and CQI are jointly reported in PUCCH feedback mode 1-0 and 2-0
3. Aperiodic CSI Reporting on PUSCH
3.1 CSI triggering without BI
Two examples of triggering CSI without BI are given in [5].  One example is that eNB indicates a CSI-RS resource (in the CSI-process) for CSI measurement.  Another example is that CSI based on the latest BI report.  Application of CSI triggering without BI is not clear.  The first example introduces signaling on CSI triggering which already overloaded with multiple CSI processes and CCs.  The second example may introduce error propagation.  For A-CSI, it should be always self-contained in one report.  Therefore, the need for introducing CSI triggering without BI is not strong.
3.2 BI mapping on PUSCH
Mapping of CSI components on PUSCH is shown in Figure 4.
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            Figure 4 RI/PMI/CQI and ACK/NACK mapping on PUSCH

There are four alternatives of BI mapping on PUSCH
· 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

Since different CSI-RS resource has different channel condition, the decoding error of BI will likely incur significant performance degradation.  Therefore, BI on PUSCH needs strong protection.  The importance of BI is similar to RI.  

In figure 4, it can be observed that there are 4 symbols for RI.  It should be enough to accommodate BI as it is wideband feedback with up to 3bit.  Even with multiple CCs or CSI processes, it should be sufficient.   Compared to Alt2 and Alt3, Alt 1 has more balanced consideration as both have the same distance from DMRS.  Alt2 and Alt3 also need extra beta parameter for BI to determine the number of coded modulation symbols.
Proposal 5：Adopt Alt1 for BI mapping : BI jointly encoded with RI
4. Conclusion
In this contribution, we discuss the potential standardization on periodic CSI reporting and aperiodic CSI reporting for Class B.  We have the following proposals：
Proposal 1：Adopt Option-B for BI reporting in PUCCH feedback mode 1-1 and 2-1

Proposal 2：

· For Type X and Y, restrict the bit-width of RI or BI on PUCCH
· For Type Z, restrict the bit-width of both RI and BI on PUCCH
Proposal 3： BI feedback is introduced for PUCCH feedback modes 1-0, 2-0.

Proposal 4：Adopt Option-2 i.e. BI and CQI are jointly reported in PUCCH feedback mode 1-0 and 2-0

Proposal 5：Adopt Alt1 for BI mapping : BI jointly encoded with RI
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