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1 Introduction
In RAN1#82, agreements on CSI reporting was made as follows:

	Agreements:
· For Rel. 13 EB/FD-MIMO,

· Notify RAN2 a summary of the contents of the following slides

· Note: CSI reporting mode is only associated with frequency granularity of CQI and PMI

· Specify extension of Rel.12 PUSCH based A-CSI reporting modes for FD-MIMO as follows:

· Supported A-CSI modes with PMI are the existing Rel.12 modes :

· 1-2, 2-2, 3-1, and 3-2

· Content of A-CSI reporting may depend on codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS

· Details on additional CSI parameters (if supported) for class A and B are FFSRRC configuration details of these modes are FFS

· Specify extension of Rel.12 PUCCH based P-CSI reporting modes for FD-MIMO as follows:

· Supported P-CSI modes with PMI are the existing Rel.12 modes:

· 1-1, 2-1

· Submodes of mode 1-1 (if any) FFS

· Content of P-CSI reporting may depend on the submode (if any), codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS

· Details on additional CSI parameters (if supported) for class A and B are FFSNew CSI reporting types are possible

· RRC configuration details of these modes are FFS
· Rel. 12 CSI reporting modes without PMI are by default supported

· FFS: Enhancement for Rel. 13



In RAN1#82bis, rank-1 codebook design for class A reporting was agreed [1]. Since rank-1 codebooks have the largest payload in legacy specification, the agreed rank-1 codebook for class A reporting can give us a good guideline to design PUCCH based CSI reporting for class A. In this contribution, we discuss about PUCCH based periodic CSI reporting for Rel-13 EBF/FD-MIMO, which is highlighted with yellow.
2 Issues on PUCCH reporting mode enhancement for FD-MIMO
2.1 PUCCH format for FD-MIMO periodic CSI reporting
In LTE/LTE-A, CSI (RI, PMI, and CQI) for periodic reporting is transmitted on PUCCH format 2/2a/2b. The current channel coding for PUCCH format 2/2a/2b supports up to 11bits payload per report [2], which is same as that of Rel-8. Since Rel-10, there have been several proposals to increase PUCCH payload of CSI reporting, considering large codebook size, support of carrier aggregation and so on. However, increasing the maximum PUCCH payload for format 2/2a/2b may result in some adverse effects such as reduction in PUCCH coverage. This will lead to more frequent failed attempts on PUCCH decoding. For this reason, the maximum payload of 11 bits is maintained. 

As a result, a CSI report is distributed across multiple subframes. For instance, for dual stage codebooks designed for 8Tx and 4Tx, PUCCH reporting modes are designed to distribute first and second PMIs into multiple PUCCH reports in multiple subframes. This leads to inter-subframe dependence which can be susceptible to the following factors:
· Error propagation: CSI decoding error in one subframe will result in faulty inference of the CSI hypothesis in the following subframes. In Rel.12, this is alleviated by higher error protection for RI or RI+i1 (due to its smaller payload and hence lower coding rate). 

· Priority rules: If a CSI report in a subframe is dropped due to a collision with another higher-priority UCI (such as SR or HARQ-ACK), a set of (possibly complex) priority rules needs to be defined. Typically this is feasible and has been done in Rel.12.

To maintain inter-subframe dependence within two subframes, codebook subsampling is also utilized in Rel.12. In Rel.12, codebook subsampling needs to be optimized to ensure that performance loss, if any, is minimum. For mode 1-1 (wideband CQI and PMI), Rel.12 4Tx and 8Tx codebooks can be subsampled without any significant loss in performance. For instance, the overlapping beam design in 4/8Tx codebooks is needed only for subband PMI reporting.
In Rel.13 class A CSI reporting, however, while it is possible to constrain the maximum payload for i2 feedback to 4 bits (same as Rel.12), an increase in feedback payload associated with stage-1 precoder ({i1,1 ,i1,2}) may be inevitable. To cope with this increased feedback payload, either inter-subframe dependence is increased (to, e.g. three reporting instances) or more aggressive or codebook subsampling is used. Of course, these two solutions can also be used together. Either solution could increase vulnerability of periodic CSI reporting due to increased error propagation, more complex priority rules, or performance loss. 
An alternative to the above solution is to use PUCCH format 3. Although PUCCH format 3 is available to carry larger payload per resource (up to 21bits), the total number of available resources is smaller compared to PUCCH format 2/2a/2b. While this is an attractive alternative, some additional study on its performance and coverage may be needed. Thus, adopting this solution for Rel.13 timeframe may prove to be challenging.

Based on the above consideration, it is proposed to use PUCCH format 2/2a/2b and extend the legacy PUCCH reporting modes for Rel.13 FD-MIMO. The use of PUCCH format 3 or other new formats (e.g. periodic PUSCH which is considered for eCA) can be studied for Rel.14.

Proposal 1: Use PUCCH format 2/2a/2b for Rel.13 FD-MIMO periodic CSI reporting.
2.2 FD-MIMO codebook size for 8, 12 and 16 CSI-RS ports
According to the agreed rank-1 codebook, five configuration parameters, i.e. N1, N2, O1, O2, and Config, are used to characterize a codebook subset for PMI reporting. By configuring the first four parameters, N1, N2, O1, and O2, a codebook designed to support the antenna array structure of the eNB can be constructed. Note that given the set of values of N1 and N2, W1 matrices with (L'1,L'2) = (4,2), (2,4) are constructed for N1>=N2 and N1<N2, respectively. It means that the bit width of the third PMI 
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 in the codebook is 5 bits. Given the value of Config, a subset of codewords from the codebook is selected as an active subset of values of 
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, associated with one of the following 4 configurations: 

· Config =1: (L1,L2) = (1,1) for rank 1-2 

· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]

· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]

· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
In [1], it was also agreed that the PMI feedback payload is adjusted based on Config as follows:

· Config = 1 (compact i2, no beam selection for 1 and 2 layers):

· # of bits for i11 and i12 = ceil(log2(N1O1)) + ceil(log2(N2O2))

· # of bits for i2 (per rank 1,2) = (2,2)

· Config = 2, 3, 4 (following legacy):

· # of bits for i11 and i12 = ceil(log2(N1O1/2))+ ceil(log2(N2O2/2))

· # of bits for i2 (per rank 1,2) = (4,4)
Since there are twelve pairs of N1, N2, O1, and O2 as represented by Table 1, we have variable PMI payload for i11, i12, and i2 as given by Table 2. 
Table 1. Agreed possible combinations of (N1,N2) and (O1,O2)
	(N1,N2)
	(O1,O2) combinations

	(8,1)
	{(4,-), (8,-)}

	(2,2)
	{(4,4), (8,8)}

	(2,3)
	{(8,4), (8,8)}

	(3,2)
	{(8,4), (4,4)}

	(2,4)
	{(8,4), (8,8)}

	(4,2)
	{(8,4), (4,4)}


Table 2. i11 and i12 payload according to (N1,N2, O1,O2, Config)
	
	Config = 1
	Config = 2, 3, or 4

	(N1,N2)
	(O1,O2)
	i11 / i12 payload
	(O1,O2)
	i11 / i12 payload
	(O1,O2)
	i11 / i12 payload
	(O1,O2)
	i11 / i12 payload

	(8,1)
	(4,-)
	5 bits / -
	(8,-)
	6 bits / -
	(4,-)
	4 bits / -
	(8,-)
	5 bits / -

	(2,2)
	(4,4)
	3 bits / 3 bits
	(8,8)
	4 bits / 4 bits
	(4,4)
	2 bits / 2 bits
	(8,8)
	3 bits / 3 bits

	(2,3)
	(8,4)
	4 bits / 4 bits
	(8,8)
	4 bits / 5 bits
	(8,4)
	3 bits / 3 bits
	(8,8)
	3 bits / 4 bits

	(3,2)
	(8,4)
	5 bits / 3 bits
	(4,4)
	4 bits / 3 bits
	(8,4)
	4 bits / 2 bits
	(4,4)
	3 bits / 2 bits

	(2,4)
	(8,4)
	4 bits / 4 bits
	(8,8)
	4 bits / 5 bits
	(8,4)
	3 bits / 3 bits
	(8,8)
	3 bits / 4 bits

	(4,2)
	(8,4)
	5 bits / 3 bits
	(4,4)
	4 bits / 3 bits
	(8,4)
	4 bits / 2 bits
	(4,4)
	3 bits / 2 bits


Consequently, following observations are available.

Observation 1: 
· In class A reporting with Config = 1, 
· The payload for first PMI(s), i11 and i12, is increased up to 9 bits. 
· The payload for second PMI (i2) is decreased to 2 bits since no beam selection is supported in Config = 1.

· In class A reporting with Config = 2, 3, and 4, 
· The payloads for first PMI(s), i11 and i12, is increased up to 7 bits.

· The payloads for first PMI is maintained to 4 bits since beam selection is maintained in Config = 2, 3 and 4.
Based on the above analysis, two alternative schemes are possible. Details for the two alternatives are provided by following sections.

2.3 Alternative 1: Joint i11 and i12 reporting

Observation 1 implies that i11 and i12 can be reported jointly in a single reporting instance without subsampling. Therefore, introducing PUCCH reporting type that can contain both of i11 and i12 for PUCCH mode 1-1 might be a possible way forward to minimize specification impact. Observation 1 also means that i2 and wideband CQI(s) can be simultaneously encoded in a single reporting instance without subsampling. 
Observation 2: For joint i11 and i12 reporting, following PUCCH reporting types can be considered for PUCCH mode 1-1 for class A reporting.
· Report 1: RI (PUCCH Reporting Type 3)
· Report 2: i11 + i12 (PUCCH Reporting Type 2a)
· Report 3: WB CQI + i2 (PUCCH Reporting  Type 2b)
Figure 1 represent an example of reporting instances for PUCCH mode 1-1 according to observation 2.
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Figure 1. An example of reporting instances for PUCCH mode 1-1 according to observation 2
For the same reason above, PUCCH reporting type for both of i11 and i12 can also be useful for PUCCH mode 2-1. However, note that PUCCH reporting type 1a, which contains i2 and sub-band CQI, does not have enough rooms even for legacy i2. Moreover, Config affects exact meaning of i2 in class A CSI reporting. In case of PUCCH mode 2-1, therefore, new subsampling rules for i2 according to Config should be further discussed. 

Observation 3: In case of PUCCH mode 2-1, new subsampling rules for i2 according to Config should be further discussed
Based on above discussions, we propose a new single mode for PUCCH mode 2-2 as follows.

Observation 4: For joint i11 and i12 reporting, following PUCCH reporting types can be considered for PUCCH mode 2-1 for class A reporting.

· Report 1: RI and PTI (PUCCH Reporting Type 6)
· Report 2: 

· PTI=0: WB i11 + WB i12 (PUCCH Reporting Type 2a)

· PTI=1: WB CQI + WB i2 (PUCCH Reporting Type 2b)
· Report 3: 

· PTI=0: WB CQI + WB i2 (PUCCH Reporting Type 2b)
· PTI=1: SB CQI + SB i2 (PUCCH Reporting Type 1a)
· FFS, how to subsample SB i2
Figure 2 represent an example of reporting instances for PUCCH mode 2-1 according to observation 4.
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Figure 2. An example of reporting instances for PUCCH mode 2-1 according to observation 4
2.4 Alternative 2: Separated reporting of i11 and i12
Another way to support enlarged payload for i11 and i12 is separated reporting of i11 and i12. Since the payload for each of i11 and i12 is less than or equal to the payload for legacy first PMI in many cases as highlighted by yellow in Table 2, it will be more easy to jointly encode i11 or i12 with other CSIs such as RI/second PMI/CQI. For ease of the separated reporting, dimension indicator (DI) is introduced for alternative 2. For example, with DI = 0, the first PMI for the first dimension i11 can be reported in the related reporting instance. On the other hands, with DI = 1, the first PMI for the second dimension i12 can be reported in the related reporting instance.

Observation 5: For separated reporting of i11 and i12, following PUCCH reporting types can be considered for PUCCH mode 1-1 for class A reporting.
· For submode 1
· Report 1: RI + i1x + DI (new PUCCH Reporting Type)

· DI=0: i1x = i11
· DI=1: i1x = i12
· Report 2: WB CQI + i2 (PUCCH Reporting  Type 2b)
· For submode 2
· Report 1: RI + DI (new PUCCH Reporting Type)

· Report 2:
· DI=0: WB CQI + i11 + i2 (PUCCH Reporting Type 2c)
· DI=1: WB CQI + i12 + i2 (PUCCH Reporting Type 2c)
Figure 3 represent an example of reporting instances for PUCCH mode 1-1 submode 1 and submode 2 according to observation 5.
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Figure 3. An example of reporting instances for PUCCH mode 1-1 according to observation 5.
Note that there is no need to support alternative 2, i.e. separated reporting, for PUCCH mode 2-1 since PUCCH Reporting Type 2a already has enough rooms for joint reporting of i11 and i12.

Observation 6: No need to support alternative 2, i.e. separated reporting, for PUCCH mode 2-1.
2.5 Comparison between Alternative 1 and 2
As mentioned above, Alt.1 results in a simple design since optimization of codebook subsampling for i11+ i12, while not precluded, is not required. It is important, however, that redundant codewords, if any, are to be removed. In addition, the total payload of i11+ i12  is comparable to CQI+i2 while RI payload is sufficiently less. This implies that RI receives the highest coding gain than i11+ i12 or CQI+i2. Therefore, lower update rate for RI (per Rel.12 principle) is justified in addition to higher error protection for the highest priority CSI parameter. It is expected that i11+ i12 and CQI+i2are updated at approximately the same rate. However, Alt.1 treats the first and the second dimensions the same. In scenarios where the coherence time of the first-dimension channel is different from that of the second-dimension channel, i11 and i12  are always reported together and hence at the same update rate. 

Alt.2 has the same inter-subframe dependence as Alt.1 (3 subframes) and partitions first-stage PMI into the first and the second dimensions (that is, i11 and i12). Therefore, the drawback of Alt.1 is circumvented in Alt.2 since the update rate of i11 can be configured differently from i12. In addition, since RI is reported together with one of these two CSI parameters, RI is given higher error protection. However, it seems that Alt.2 requires a more careful design of codebook subsampling and priority rules in addition to more specification efforts. 
Based on the discussions above, we propose to extend PUCCH reporting mode for class A reporting:
Proposal 2: For PUCCH mode 1-1 for class A reporting, adopt one between Alt 1 and Alt 2 below:

· Alt 1: A single mode with the following three PUCCH reporting types:

· Report 1: RI (PUCCH Reporting Type 3)

· Report 2: i11 + i12 (PUCCH Reporting Type 2a)

· Report 3: WB CQI + i2 (PUCCH Reporting  Type 2b)

· Alt 2: Two submodes:

· For submode 1

· Report 1: RI + i1x + DI (new PUCCH Reporting Type)

· DI=0: i1x = i11
· DI=1: i1x = i12
· Report 2: WB CQI + i2 (PUCCH Reporting  Type 2b)

· For submode 2

· Report 1: RI + DI (new PUCCH Reporting Type)

· Report 2:

· DI=0: WB CQI + i11 + i2 (PUCCH Reporting Type 2c)

· DI=1: WB CQI + i12 + i2 (PUCCH Reporting Type 2c)

Proposal 3: For PUCCH mode 2-1 for class A reporting, adopt the following PUCCH reporting types:

· Report 1: RI and PTI (PUCCH Reporting Type 6)

· Report 2: 

· PTI=0: WB i11 + WB i12 (PUCCH Reporting Type 2a)

· PTI=1: WB CQI + WB i2 (PUCCH Reporting Type 2b)

· Report 3: 

· PTI=0: WB CQI + WB i2 (PUCCH Reporting Type 2b)

· PTI=1: SB CQI + SB i2 (PUCCH Reporting Type 1a)

· FFS, how to subsample SB i2
3 Conclusion
This contribution has discussed extension of PUCCH reporting modes in Rel-13, and draws following proposals:
Proposal 1: Use PUCCH format 2/2a/2b for Rel.13 FD-MIMO periodic CSI reporting.
Proposal 2: For PUCCH mode 1-1 for class A reporting, adopt one between Alt 1 and Alt 2 below:

· Alt 1: A single mode with the following three PUCCH reporting types:

· Report 1: RI (PUCCH Reporting Type 3)

· Report 2: i11 + i12 (PUCCH Reporting Type 2a)

· Report 3: WB CQI + i2 (PUCCH Reporting  Type 2b)

· Alt 2: Two submodes:

· For submode 1

· Report 1: RI + i1x + DI (new PUCCH Reporting Type)

· DI=0: i1x = i11
· DI=1: i1x = i12
· Report 2: WB CQI + i2 (PUCCH Reporting  Type 2b)

· For submode 2

· Report 1: RI + DI (new PUCCH Reporting Type)

· Report 2:

· DI=0: WB CQI + i11 + i2 (PUCCH Reporting Type 2c)

· DI=1: WB CQI + i12 + i2 (PUCCH Reporting Type 2c)

Proposal 3: For PUCCH mode 2-1 for class A reporting, adopt the following PUCCH reporting types:

· Report 1: RI and PTI (PUCCH Reporting Type 6)

· Report 2: 

· PTI=0: WB i11 + WB i12 (PUCCH Reporting Type 2a)

· PTI=1: WB CQI + WB i2 (PUCCH Reporting Type 2b)

· Report 3: 

· PTI=0: WB CQI + WB i2 (PUCCH Reporting Type 2b)

· PTI=1: SB CQI + SB i2 (PUCCH Reporting Type 1a)

· FFS, how to subsample SB i2
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