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1 Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. One of the objectives is to specify necessary mechanisms to enable LTE CA extension with up to 32 component carriers for the DL and UL. At RAN1 #80 meeting, some necessary mechanisms and enhancements to achieve this objective are identified, listed below:

Observations:
· Use cases
· FDD-FDD CA, TDD-TDD CA, and FDD-TDD CA
· Including the support of aggregating more than 2 TDD serving cells with TDD UL-DL configuration 5 
Agreements:
· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell
Observations:
· For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

· PUCCH format selection including fallback operation

Due to lack of time, further observations on slides 4 in [2] listed below about HARQ-ACK were not discussed in RAN1#80 but were captured by the email discussion [3]:
· At least the following enhancements to UL HARQ-ACK feedback signaling need to be considered/specified in order to support the increase in UL control information:

· Restricting increase of HARQ-ACK payload. Details FFS including

· HARQ-ACK bundling in spatial, time, and/or frequency domain

· Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes.

Some concerns are raised about whether HARQ-ACK bundling is required and its relationship with new PUCCH format. Based on above observations, agreements and email discussion, HARQ-ACK bits for different number of CCs for FDD-FDD CA, TDD-TDD CA, and FDD-TDD CA are provided in this contribution. And the necessity of HARQ-ACK bundling to support DL CA for up to 32 component carriers with and without new PUCCH format is analyzed. 
2 HARQ-ACK bundling for PUCCH format 3
In order to facilitate analysis, the number of HARQ-ACK bits with different number of CCs is tabulated in Table 1. The configurations for FDD-FDD CA, TDD-TDD CA and TDD-FDD CA are all taken into account. TDD-FDD in Table 1 refers to TDD primary cell and FDD Scell. The spatial bundling is assumed in TDD-TDD CA and TDD-FDD CA but not in FDD-FDD CA.
Table 1 The number of HARQ-ACK bits with different number of CCs
	Carrier Number
	
	5
	6
	…
	13
	14
	15
	…
	22
	23
	24
	…
	31
	32

	FDD-FDD
	
	10
	12
	
	26
	28
	30
	
	44
	46
	48
	
	62
	64

	TDD-TDD
	conf#0
	5
	6
	
	13
	14
	15
	
	22
	23
	24
	
	31
	32

	
	conf#1
	10
	12
	
	26
	28
	30
	
	44
	46
	48
	
	62
	64

	
	conf#2
	20
	24
	
	52
	56
	60
	
	88
	92
	96
	
	124
	128

	
	conf#3
	15
	18
	
	39
	42
	45
	
	66
	69
	72
	
	93
	96

	
	conf#4
	20
	24
	
	52
	56
	60
	
	88
	92
	96
	
	124
	128

	
	conf#5
	45
	54
	
	117
	126
	135
	
	198
	207
	216
	
	279
	288

	
	conf#6
	5
	6
	
	13
	14
	15
	
	22
	23
	24
	
	31
	32

	TDD-FDD
	conf#0
	9
	11
	
	25
	27
	29
	
	43
	45
	47
	
	61
	63

	
	conf#1
	14
	17
	
	38
	41
	44
	
	65
	68
	71
	
	92
	95

	
	conf#2
	24
	29
	
	64
	69
	74
	
	109
	114
	119
	
	154
	159

	
	conf#3
	27
	33
	
	75
	81
	87
	
	129
	135
	141
	
	183
	189

	
	conf#4
	28
	34
	
	76
	82
	88
	
	130
	136
	142
	
	184
	190

	
	conf#5
	49
	59
	
	129
	139
	149
	
	219
	229
	239
	
	309
	319

	
	conf#6
	13
	16
	
	37
	40
	43
	
	64
	67
	70
	
	91
	94


The maximum number of HARQ-ACK bits for up to 32 DL component carriers CA was discussed in [4] and is shown in the last column in Table 1. 64 HARQ-ACK bits for FDD and 128 bits after spatial bundling for TDD with TDD UL/DL configuration 2 need to be supported.
If TDD UL/DL configuration 5 is taken into account, maximum 319 HARQ-ACK bits after spatial bundling for TDD-FDD need to be supported for up to 32 DL CCs.
Compared with legacy PUCCH format 3, the number of HARQ-ACK bits for TDD for up to 32 DL CCs (128-bit or 319-bit) is much larger than the maximum payload size 21-bit which PUCCH format 3 can support. According to the agreements at RAN1#80, the enhancements to support UCI feedback on PUCCH or PUSCH on one serving cell for up to 32 DL carriers are the baseline. If no new PUCCH format is introduced, additional excessive bundling except spatial bundling should be applied to fit PUCCH format 3 payload size for TDD. 
The types of bundling include time domain bundling, spatial bundling and frequency domain bundling. The spatial bundling was accepted in R10-CA for TDD due to less throughput loss and it has already been considered in the HARQ-ACK bit calculation in Table 1. Time domain bundling can be used in TDD for non-CA and less than 2CCs and PUCCH format 1b with channel selection configured case. It was not accepted for more than 2CCs configurations because of exceed 10% cell throughput loss in R10-CA. Time domain bundling can be re-considered in R13-CA but the associated cell throughout losses  should also be taken into account. The HARQ-ACK feedback bits for up to 32 DL CCs with time domain bundling can refer to the HARQ-ACK bits for TDD-TDD UL/DL configuration 0 with M=1(which is 32-bit highlighted in yellow). It can been seen that it is still larger than payload size of PUCCH format 3.The frequency domain (cell domain) bundling was discussed during Rel-10 but the throughput losses are expected to be larger than time domain bundling due to the transmissions in different cells typically completely uncorrelated channels. Therefore it can be expected that there will be even larger throughput loss with frequency domain bundling for up to 32 DL CCs.
Moreover, a main purpose of CA with more than 5 CCs is to increase the DL cell throughput. Since the HARQ-ACK bundling(except of spatial bundling for TDD) was not introduced for PUCCH format 3 to support up to 5 carriers aggregation in R10/11/12, we do not see the motivation for introducing it for CA with more than 5 CCs in case of UL coverage limitation. It does not seem justified to introducing HARQ-ACK bundling mode for better CA coverage but resulting in reduced DL throughput when the UE supports more than 5 CCs. Furthermore, the eNodeB can effectively control the CA operation considering UL coverage by the scheduler and it is not necessary to configure more than 5 CCs when the UL SINR is low. The eNodeB can schedule a small amount of CCs to the UE when the UE UL SINR is poor, and can schedule a large amount of CCs to the UE when the UE UL SINR is good. So it could be not necessary to introduce HARQ-ACK bundling because of UL power limitation with same design philosophy in R10/11/12 CA.
Proposal: Introducing HARQ-ACK bundling to fit PUCCH format 3 for DL CA with up to 32 carriers should be avoided because of substantial throughput losses.
3 HARQ-ACK bundling for new PUCCH format
One or more new PUCCH format for increasing PUCCH payload capacity was identified to enhance UL control signaling for up to 32 DL carriers on one serving cell. However, the specification work should aim at striking a balance between preserving efficiency and keeping the number of different control and signalling formats small. The number of new PUCCH formats would be small as possible.
Although the maximum payload size of new PUCCH format(s) has not been decided yet, a moderate payload size is expected to achieve a high efficiency in most scenarios. For example, if the number of HARQ-ACK bits 128-bit in brick red grid in Table 1 is chosen to be the maximum payload size of the new PUCCH format. Then how the number of HARQ-ACK feedback with more bits than the maximum payload size of new PUCCH format can be reported should be considered.
There are two cases for more HARQ-ACK bits than a moderate maximum new PUCCH format (e.g 128-bit):

Case 1: TDD UL-DL configuration 5
The number of HARQ-ACK bits of this configuration with different CCs is highlighted in green in Table 1. It was pointed out that more than 2 TDD serving cells aggregation with TDD UL-DL configuration 5 need be supported in R13-CA. But the exact number of serving cells aggregation with TDD UL-DL configuration 5 should be supported has not decided yet. If more than 15 CCs for TDD-TDD or 12 CCs for TDD-FDD configuration need to be supported then more than 128 HARQ-ACK bits needs to be reported.

Case 2: TDD-FDD configuration {2, 3, 4}
In current specification, the maximum number of HARQ-ACK bits for PUCCH format 3 is 21-bit. For the cases of the number of HARQ-ACK bits larger than 21-bit, which are shown in Table 1 with grey grid, the remedy is to place a limitation in the number of DL cells a UE can be configured. In R13-CA, it may be considered to remove this kind of restriction. For the extreme cases that HARQ-ACK bits larger than maximum payload size of new PUCCH format (e.g. 128-bit) highlighted in blue in Table 1, time domain bundling may be applied to accommodate the new PUCCH format payload size. Legacy time domain bundling for TDD with some improvement (e.g. partial time domain bundling) with less throughput loss may be considered to solve above issues.
4 Conclusion
In this contribution, the calculation of HARQ-ACK feedback bits with different number of CCs for FDD-FDD CA, TDD-TDD CA and TDD-FDD CA are given. The necessity of HARQ-ACK bundling to support DL CA for up to 32 component carriers with and without new PUCCH format is analyzed. 

The following proposal is given:
Proposal: Introducing HARQ-ACK bundling to fit PUCCH format 3 for DL CA with up to 32 carriers should be avoided because of substantial throughput losses.
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