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1. Introduction 
In RAN1#62bis, further discussion on PUCCH-based reporting modes was made in the context of the 8Tx double-codebook structure. The following three modes were agreed in [1] and still remain with the possibility of further down-selection.

· Mode 1-1 based on CSI mode 1 – termed mode 1-1-1

· Mode 1-1 based on CSI mode 2 – termed mode 1-1-2

· Mode 2-1 based on CSI mode 1 – termed mode 2-1
With all the technical data available from RAN1#62bis, this contribution suggests how to finalize the 8Tx PUCCH mode 1-1 as a part of the conclusion of Rel.10. 
Throughout this contribution, W1/W2 is used interchangeably with i1/i2 (index of W1/W2 in [5]). 

2. Discussion

In this section, some issues related to finalization of PUCCH modes are discussed.

2.1. Down-selection of PUCCH modes
Detailed comparison between modes 1-1-1 and 1-1-2 was presented in a number of contributions such as [2]. In [2], payload analysis and performance comparison based on detailed 8Tx codebook sub-sampling schemes were performed. It was demonstrated that:

· Mode 1-1-1 offers better performance than mode 1-1-2 even in the presence of PUCCH decoding error.
· Mode 1-1-1 is overall robust against “error propagation” in the scenarios of interest.
· For mode 1-1-1, W2 codebook in [3] is not sub-sampled. W1 codebook can be sub-sampled without causing performance loss since PUCCH mode 1-1 is inherently a wideband reporting scheme. 
Furthermore, a way forward [4] proposes to down-select between modes 1-1-1 and 1-1-2 to reduce the number of PUCCH reporting modes. In relation to this way forward, our view is explained below.

Although mode 1-1-1 outperforms mode 1-1-2 (hence mode 1-1-2 can be seen as a redundant feature), we do not see the need for down-selecting between the two (sub)-modes. In fact, as argued later in this contribution, the two modes can be considered as a single mode 1-1 with an additional RRC parameter for configuring the location of W1 report. Furthermore, as mentioned in [2], such additional flexibility is desirable once the 8Tx deployment is better understood – considering that 8Tx closed-loop spatial multiplexing will not be widely deployed for quite sometime.  
If some down-selection is indeed to be performed (e.g. to reduce the number of features), it should take a more holistic and llogical approach rather than isolating on PUCCH mode 1-1. That is, down-selection should consider all the available CSI feedback modes within the context of 8Tx that are still considered open (not finalized). The other susceptible candidates include:
· Agreed in [1] but some details are not yet finalized: PUCCH mode 2-1. 
· Not yet agreed: Enhancement proposals for PUSCH mode 3-1 (MU augmentation) and 3-2 
The down-selection should be performed based on the trade-off between performance and complexity (including non-RAN1 issues such as testing complexity).
Summary:
· We see no need for down-selection within PUCCH mode 1-1-1 and 1-1-2. Despite the superior performance of mode 1-1-1, both sub-modes are complementary and may offer some desirable flexibility once the deployment of 8Tx closed-loop spatial multiplexing is better understood. 

· But if down-selection “shall” be performed, it should take into account other susceptible candidates such as PUCCH mode 2-1, PUSCH mode 3-1 MU enhancement, and PUSCH mode 3-2. This is a more balanced and technical/logical approach for down-selection.
2.2. Common framework for PUCCH mode 1-1
As agreed in [1] and detailed in [2], PUCCH mode 1-1 consists of 2 reports which are contained in 2 separate sub-frames as shown in Table 1. While there is some notable difference in the format and the difference in terms of codebook sub-sampling (given in [2] and reproduced in the Appendix), it is quite apparent that the only difference between mode 1-1-1 and 1-1-2 is the location of W1 (i1) reports:
· For mode 1-1-1, W1 is reported together with RI. Hence, the reporting rate of W1 follows that of RI. 
· For mode 1-1-2, W1 is reported together with CQI and W2. Hence, the reporting rate of W1 follows that of CQI/W2. 
Table 1 Reporting structure for PUCCH mode 1-1. x+y indicates the possibility for joint encoding. 
	
	Mode 1-1-1
	Mode 1-1-2

	Report 1
	RI+W1 
	RI

	Report 2
	CQI, W2
	CQI, W1+W2


Thus far, the discussion focuses on the differences between mode 1-1-1 and 1-1-2. While this is a good exercise for understanding the pros and cons of each of the 2 sub-modes, the main differentiation seems to come from the reporting of W1 – which can be seen as the new feedback parameter for the double-codebook structure (while keeping in mind that W2 is analogous to the Rel.8 PMI). Hence, supporting both sub-modes essentially involves configuring a single PUCCH mode 1-1 (wideband reporting) for the location of W1 reporting as explained above. 
Summary:

· It seems plausible to define PUCCH mode 1-1 for 8Tx double-codebook precoding as a single wideband mode with a configurable location of W1 reporting: 1) together with RI, 2) together with CQI (and hence W2). There is no need to define other mechanisms or restriction for other periodic reporting parameters (offset, periodicity, etc.).
2.3. RRC configuration issues
To support both modes 1-1-1 and 1-1-2, a new 1-bit L1 (RRC) parameter needs to be defined as explained in Section 2.2. This parameter will take place in [7] and was already included in the approved list given in [8]. For our discussion, we call this parameter W1ReportSubframe which takes a binary value of {‘RI’,’CQI’} 

In relation to the other Rel.10 L1 parameters in [8] as well as Rel.8/9 L1 parameters specified in [7] and [9], parameter W1ReportSubframe is valid only if (conditioned upon):
· Rel.10 L1 parameters [8]:

· The number of CSI-RS antenna ports (new parameter) = ‘8’ 
· Rel.8/9 L1 parameters [7, 9]:

· Transmission mode (transmissionMode) = ‘9’
· Periodic CQI format indicator (cqi-FormatIndicatorPeriodic) = ‘widebandCQI’
On the reflector, a short discussion took place regarding the default value of the parameter W1ReportSubframe which was left FFS. Upon further consideration, however, such discussion may indeed be irrelevant from the RRC specification [9] (see Section 6.3.2 and 9.2.4). In the specification, any of the L1 parameters related to CQI is not assigned a default value other than CQI-ReportPeriodic whose default value is ‘release’. This means that the default is for the UE to release any stored configuration upon handover until the new configuration is available. Upon handover, RRC connection is established without the use for CQI reporting. Once the RRC connection is established, the new CQI configuration becomes available. Hence, analogous to the other CQI-related L1 parameters, it can be concluded that there is no need to specify a default value for the parameter W1ReportSubframe.  
Summary:

· A new L1 parameter W1ReportSubframe is needed to configure which subframes W1 (i1) is reported together with: 1) with RI (mode 1-1-1), 2) with CQI (and hence with W2, i.e. mode 1-1-2). This parameter is valid for 8 CSI-RS ports, TM9, and periodic wideband CQI. 
· There is no need to specify a default value for this L1 parameter. 
3. Conclusion

To finalize the specification details of PUCCH Mode 1-1 for 8Tx double-codebook structure in Rel.10, we propose the following:
· Despite the superior performance of mode 1-1-1, both sub-modes (1-1-1 and 1-1-2) are complementary and may offer some desirable flexibility once the deployment of 8Tx closed-loop spatial multiplexing is better understood. 

· But if down-selection “shall” be performed, it should also include other susceptible candidates such as PUCCH mode 2-1, PUSCH mode 3-1 MU enhancement, and PUSCH mode 3-2. 

· Adopt the codebook sub-sampling schemes in Tables 2 and 3 for sub-modes 1-1-1 and 1-1-2, respectively.

· Define a single PUCCH mode 1-1 (wideband reporting) with a configurable location of W1 reporting. This can be done via a new L1 parameter, e.g. W1ReportSubframe, which indicates the location/subframes where W1 is reported and hence takes a binary value of {‘RI’,’CQI’}. 
· This parameter is valid for 8 CSI-RS ports, TM9, and periodic wideband CQI. 
· There is no need to define a default value for this parameter.
Appendix: Codebook sub-sampling for PUCCH mode 1-1-1 and 1-1-2 [2]
In this appendix, the proposed codebook sub-sampling for PUCCH modes 1-1-1 and 1-1-2 are given (extracted from [2] for reference).

The agreed upon 8Tx codebook in [3] (now captured in the specification [5]) has the following rank-dependent codebook sizes:
· W1 codebook (enumerated as i1 in [5]): 16/16/4/4/4/4/4/1 for rank 1/2/3/4/5/6/7/8
· W2 codebook (enumerated as i2 in [5]): 16/16/16/8/1/1/1/1 for rank 1/2/3/4/5/6/7/8

The reporting structure as agreed in way forward [1] is given in Table 1 in Section 2.2. From Table 1, the following is apparent:

1. Codebook sub-sampling is not needed for mode 1-1-1 report 2 and 1-1-2 report 1: 
· For mode 1-1-1, report 2 simply follows the Rel.8 PMI principle where W2 is analogous to the Rel.8 PMI. Hence, there is no need to perform codebook sub-sampling since the payload associated with W2 does not exceed 4 bits.

· For mode 1-1-2, report 1 carries only the Rel.8 RI. Hence, codebook sub-sampling is irrelevant here. 

2. Codebook sub-sampling is needed for mode 1-1-1 report 1 and 1-1-2 report 2 (highlighted in blue in Table 1). 

· For mode 1-1-1, W1 codebook sub-sampling is used to ensure that the maximum payload in report 1 does not exceed 5 bits.
· For mode 1-1-2, the upper limit is set by the maximum allowable payload of 11 bits (analogous to Rel.8) which was also agreed in [1]. Hence, a joint and/or separate W1/W2 codebook sub-sampling is needed.
3.1. Codebook Sub-sampling: PUCCH mode 1-1-1
The codebook sub-sampling scheme for report 1 is given in Table 2. For mode 1-1-1 report 2, codebook sub-sampling is not needed for W2. Hence, W2 can be reported in full resolution. 
Table 2 W1 codebook sub-sampling scheme for mode 1-1-1 report 1
	RI
	Chosen W1 index for sub-sampling (ref. R1-105011)
	No. W1 hypotheses

	1
	0, 2, 4, 6, 8, 10, 12, 14 (no overlapping beams)
	8

	2
	0, 2, 4, 6, 8, 10, 12, 14 (no overlapping beams)
	8

	3
	0, 2 (no overlapping beams)
	2

	4
	0, 2 (no overlapping beams)
	2

	5
	0, 1 (use 2 out of 4)
	2

	6
	0, 1 (use 2 out of 4)
	2

	7
	0, 1 (use 2 out of 4)
	2

	8
	0
	1

	Total no. W1+RI hypotheses across ranks 1-2 (max. layers = 2)
	16 ( 4 bits

	Total no. W1+RI hypotheses across ranks 1-4 (max. layers = 4)
	20 ( 5 bits

	Total no. W1+RI hypotheses across ranks 1-8 (max. layers = 8)
	27 ( 5 bits


Note: The above table assumes W1 indexing according to the original WF R1-105011. The CR for TS36.211 uses different indexing for i1 in some ranks. According to the CR, the associated i2 indexing for the above sub-sampling solution is as follows:
· i1 indexing is identical to the above W1 indexing for RI=1, 2, 3, 4, 8. 
· For RI=5, 6, 7, the associated i1 indexing for W1={0, 1} is i1={0, 2}. 

3.2. Codebook Sub-sampling: PUCCH mode 1-1-2

For maximum sub-sampling efficiency, sub-sampling should be performed jointly between W1 and W2 whenever possible. In addition, joint encoding of W1+W2 should also be used as much as possible. Table 3 gives a W1+W2 codebook sub-sampling scheme for 1-1-2 report 2. Note that a 7-bit W1+W2 is allowed for rank-1 since only one 4-bit CQI is reported in report 2. For ranks>1, however, only up to 4-bit W1+W2 is allowed to ensure that the total payload in report 2 does not exceed 11 bits. 
Table 3 W1+W2 codebook sub-sampling scheme for mode 1-1-2 report 2
	RI
	Chosen W1+W2 index for sub-sampling (ref. R1-105011)
	No. W1+W2 hypotheses

	1
	W1: 0, 2, 4, 6, 8, 10, 12, 14 (no overlapping beams)

W2: all 
	8x16 = 128( 7 bits

	2
	W1: 0, 2, 4, 6, 8, 10, 12, 14 (no overlapping beams)

W2: for each W1, choose only (Y1,Y2)=(e1,e1) with all 2 possible co-phasing 
	8x2 = 16 ( 4 bits

	3
	W1: 0, 2 (no overlapping beams)

W2: for each W1, choose only the odd-entries (8 out of 16 possible) (Y1,Y2) 
	2x8 = 16 ( 4 bits

	4
	W1: 0, 2 (no overlapping beams)

W2: all
	2x8 = 16 ( 4 bits

	5
	W1: 0, 1 (use 2 out of 4)
	2 ( 1 bit

	6
	W1: 0, 1 (use 2 out of 4)
	2 ( 1 bit

	7
	W1: 0, 1 (use 2 out of 4)
	2 ( 1 bit

	8
	W1: 0
	1 ( 0 bit


Note: For i1 indexing according to the CR for TS36.211, see the above notes for Table 2. 

3.3. Payload comparison: PUCCH mode 1-1-1 and 1-1-2
Table 4 Payload comparison for PUCCH mode 1-1 for different UE capabilities in terms of the maximum number of layers (bits)

	RI
	Max. no. layers = 2
	Max. no. layers = 4
	Max. no. layers = 8

	
	Mode 1-1-1
	Mode 1-1-2
	Mode 1-1-1
	Mode 1-1-2
	Mode 1-1-1
	Mode 1-1-2

	
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
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