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1. Introduction

In [1], a comparison of the proposed encoding schemes for CSI+A/N feedback using a PUCCH Format 3 type of structure was made from a performance and robustness perspective. It was found that separate encoding is the given choice with up to 1.8 dB performance benefit over the other proposals. This contribution discusses in more detail the transmission of CSI and HARQ-ACK (A/N) bits using PUCCH Format 3 with separate encoding.
2. Transmitter procedures

The separate encoding scheme is shown in Figure 1 where the rate matching parameter ( is an even integer used to adjust the code rate for A/N and CSI bits respectively. When scheduling request bit is present, it is appended to the A/N bits. The choice of an even integer for ( is made so that a transmitted QPSK symbol does not have a mix of A/N and CSI bits. Keeping them in different symbols allows for implementation of advanced receivers, e.g. for the A/N bits. 
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Figure 1 Separate encoding of A/N(+SR) and CSI where ( is an even integer used to adjust the code rate for the two encoders.
As was pointed out in [2], the mapping of CSI and A/N bits needs to be done to ensure frequency diversity for both codewords even for large values of the rate matching parameter (. This is straightforwardly achieved by mapping each codeword in an alternating manner between the two slots as illustrated in Figure 2 for the example of (=6. 
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Figure 2 Mapping of code-words to resource elements to achieve frequency diversity

2.1. Rate matching parameter (
By extensive simulations we have found the values in Table 1 are the best to meet the RAN4 performance requirements for A/N and CSI feedback bits. Although the optimal values for ETU and EPA channels respectively do not differ by a lot, these values in this table are compromised values that work well in frequency selective as well as flat fading channels. 

When the number of CSI or A/N bits is an odd number less than 10, then it is rounded to nearest even integer before applying the table. It has been found by simulations that rounding A/N downwards and CSI upwards gives the best performance. 

Table 1 Compromised table for the rate matching parameter ( used in separate encoding 
	[dB]
	Number of CSI bits

	
	2
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	4
	0
	-4
	-8
	-8
	-8

	
	4
	10
	6
	2
	-2
	-4
	-6

	
	6
	12
	8
	4
	0
	-2
	-4

	
	8
	14
	12
	8
	4
	2
	0

	
	10
	14
	14
	10
	6
	4
	2

	
	11
	14
	14
	10
	6
	4
	2


2.2. Power control

The power control formula, or more specifically 
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 needs to be defined when CSI and A/N bits are multiplexed in a PUCCH format 3 structure. For Format 3 with more than 11 bits transmission, we have from TS 36.213
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We have by simulations found the corresponding power control expression when CSI bits are present as
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The simulation results in Figure 3 and Figure 4 show the required power increase as the function of A/N and CSI bits, respectively. 


[image: image6]
Figure 3 Required power increase as a function of number of A/N bits

[image: image7]
Figure 4 Required power increase as a function of number of CSI bits

2.3. A/N bundling 

The number of HARQ-ACK bits and periodic CSI bits are determined by CA configuration, FDD/TDD configuration and transmission mode. The RM codes used in PUCCH format 3 only support up to 11 information bits where one bit is reserved for SR. For FDD, the maximum number of bits is 10, so no A/N bundling but full HARQ-ACK feedback can be used. However, for TDD, configurations with more than 10 A/N bits exist in which case some further action is needed. 

At the previous meeting, a way forward on TDD A/N bundling was discussed: 


· For HARQ-ACK enhancements in Rel-11, at least the following is supported:

· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

We support this proposal also for the case of CSI and A/N transmitted together in PUCCH Format 3. If the number of bits after spatial bundling is larger than 10 bits, we proposed to fall back to the dual RM code design of Rel-10 and drop CSI. 

Proposal: When the number of HARQ-ACK bits is larger than 10 but less than 21, apply HARQ-ACK spatial bundling, if configured, otherwise drop CSI and fall back to the dual RM code design of Rel-10. If the number of HARQ-ACK bits after the spatial bundling is larger than 10, drop CSI and fall back to the dual RM code design of Rel-10.
2.4. Resource allocation

If the terminal already has a PUCCH format 3 resource assigned and reports multi-cell HARQ-ACK together with periodic CSI it uses the assigned PUCCH format 3 resource (i.e. resource determined by configuration together with ARI contained in PDCCH) but transmits this new format instead of PUCCH Format 3.

Even for terminals using PUCCH format 1b with channel selection, we propose to use PUCCH format 3 scheme for simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI report. This implies that terminals using PUCCH format 1b with channel selection to report stand-alone multi-cell A/N need to be configured with PUCCH format 3 resources for reporting multi-cell A/N feedback together with periodic CSI. 

Proposal: Terminals using PUCCH format 1b with channel selection can be configured a resource for reporting multi-cell A/N feedback together with periodic CSI from Pcell using PUCCH Format 3. When Scell is scheduled, the resource is determined by configuration together with ARI contained in Scell DCI message.
3. Conclusion
Based on the analysis and observations, we propose the following

Proposal 1: Adopt separate encoding of A/N+SR and CSI for PUCCH Format 3

Proposal 2: Adopt rate matching according to the table

	[dB]
	Number of CSI bits

	
	2
	4
	6
	8
	10
	11

	Number of A/N bits
	2
	4
	0
	-4
	-8
	-8
	-8

	
	4
	10
	6
	2
	-2
	-4
	-6

	
	6
	12
	8
	4
	0
	-2
	-4

	
	8
	14
	12
	8
	4
	2
	0

	
	10
	14
	14
	10
	6
	4
	2

	
	11
	14
	14
	10
	6
	4
	2


Proposal 3: Adopt power control according to the formula 
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Proposal 4: When the number of HARQ-ACK bits is larger than 10 but less than 21, apply HARQ-ACK spatial bundling, if configured, otherwise drop CSI and fall back to the dual RM code design of Rel-10. If the number of HARQ-ACK bits after the spatial bundling is larger than 10, drop CSI and fall back to the dual RM code design of Rel-10.
Proposal 5: Terminals using PUCCH format 1b with channel selection can be configured a resource for reporting multi-cell A/N feedback together with periodic CSI from Pcell using PUCCH Format 3. When Scell is scheduled, the resource is determined by configuration together with ARI contained in Scell DCI message.
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