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1 Introduction

In RAN1#62bis it was agreed that for HARQ-ACK feedback in TDD at least the following design will apply (Mode 1): 

a) Support of A/N payload size up to 20 bits.
b) If the number of A/N bits to be indicated would be >20, spatial bundling is employed.
c) No bundling is employed if the number of A/N bits is <=20 bits.
Additionally, the single RM code will be used for HARQ-ACK (and SR) payloads of up to 11 bits while the dual RM code will be used for HARQ-ACK (and SR) payloads between 12 and 21 bits.  

Based on the above, the following design aspects need to be determined:

a) The HARQ-ACK payload 
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a. Select between single RM and dual RM and achieve same understanding between NodeB and UE for the coding method and placement of HARQ-ACK bits in the codeword. 
b) The application of spatial bundling in cell-domain and time-domain when 
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2 HARQ-ACK Payload for PUCCH Format 3
The determination of 
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 for PUCCH Format 3 in TDD systems can be affected by the DL DAI design (and the UL DAI design when simultaneous transmission of PUSCH and PUCCH is supported). Neither the DL DAI design nor the UL DAI design for TDD systems with CA has been determined yet but possible design choices are discussed in [1-3]. The appropriate choice may depend on the HARQ-ACK bundling mode (e.g. full bundling, partial bundling, etc.). This contribution considers full multiplexing (Mode 1) with only spatial bundling being additionally possible. Ignoring the case of simultaneous PUSCH and PUCCH transmission, the focus is on how the 
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 can be computed based on, or regardless of, the DL DAI. Two DL DAI designs are shown in Figure 1. The first design is the parallelization of the Rel.8 one to DL CA and the second design is a joint DL DAI functionality across cells and sub-frames.
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Figure 1: Two DL DAI Designs – Rel.8 DAI Across Cells (left) or Joint DAI Across Cells and Sub-frames (left).
The Rel.8 DL DAI design has the known problem of inaccurate HARQ-ACK feedback when the PDCCH in the last DL sub-frame of the bundling window (assumed to consist of 
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 DL sub-frames) is missed. Therefore, if 
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 is determined from the number of received TBs, or received PDCCH in case of spatial bundling, missing the PDCCH in the last DL sub-frame of the bundling window will result to erroneous operation as the UE will not include the respective HARQ-ACK bits and the NodeB cannot know of this event. 
Similar to the FDD case with DL CA, when the PDCCH de/activating cells is missed, the erroneous operation can be avoided if the UE generates a NACK for each TB (or for multiple TBs in case of spatial bundling) that could have been transmitted to it by the NodeB. Then, the HARQ-ACK payload transmitted with PUCCH Format 3 is 
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where 
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 is the number of configured cells, 
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 is the number of configured cells with configured TM enabling the reception of 2 TBs, and 
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 is the maximum number of TBs the UE is configured to receive in cell 
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. As the DL DAI IE is not used, the above is applicable to any DL DAI design. Moreover, as the capacity of PUCCH Format 3 is fixed, the HARQ-ACK payload (some of it being known “filler” NACKs) is not a concern for transmission in PUCCH.  

For the joint, across cells and sub-frames, DL DAI design (interpreted modulo 4), unless spatial-domain bundling is used, the determination of the HARQ-ACK payload may be problematic if different cells are configured different TMs and it is not always possible for the UE to know whether a PDCCH the UE identified as missed conveyed 1 or 2 TBs. A straightforward and robust way to circumvent this problem is for the UE to always generate a number of HARQ-ACK bits corresponding to the maximum TBs, 
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 (1 or 2), that can be received in any configured cell. Therefore, assuming that the probability of the missing 4 consecutive PDCCH across cells and sub-frames is negligible relative to the target HARQ-ACK error rate, if the UE identifies 
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 PDCCH, it generates 
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 HARQ-ACK bits. 
To address the issue of missing PDCCH after the last PDCCH is received, a margin of additional 
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 PDCCH can be included. For example, 
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 provides the desired margin as the probability of missing 3 consecutive PDCCH after the last PDCCH is received is negligible. Obviously, if the UE receives PDCCH in the last sub-frame of the last ordered cell, then 
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. Also, if the UE receives PDCCH in the last sub-frame of the second-to-last ordered cell but not in the last ordered cell, then 
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. The HARQ-ACK payload can then be determined as 
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Although reducing the HARQ-ACK payload is not important if it is within the capacity of PUCCH Format 3, spatial-domain bundling will need to apply if it is above 20 bits. In order to minimize the use of spatial-domain bundling which can happen on both “filler” bits (with NACK value) and actual HARQ-ACK bits, the UE should determine an HARQ-ACK payload that is as small as possible. Another reason for minimizing the HARQ-ACK payload is for the case it is included in a PUSCH not associated with a PDCCH (i.e. no UL DAI). Either Equation (1) or Equation (2) can provide a smaller HARQ-ACK payload depending on the particular scheduling realization. For example, if cells are configured different TMs and the UE is scheduled in most sub-frames of the bundling window, Equation (1) provides smaller 
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. If the same TM is configured in all cells and the UE is not scheduled in all sub-frames of the bundling window, Equation (2) provides smaller 
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. Table 1 gives some examples to further clarify the above.
Table 1: 
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 obtained with Equation (1) or Equation (2) for Different Scenarios.

	{Cell1 Cell2 Cell3} -- DL Sub-Frame = [0, 1, 2, 3]
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	{[1, 1, 0, 0] 2 TBs -- [0, 1, 1, 0] 2 TBs -- [0, 0, 1, 1] 2 TBs}
	24
	12

	{[1, 1, 0, 0] 2 TBs -- [0, 1, 1, 0] 2 TBs -- [0, 0, 1, 1] 1 TB}
	20
	12

	{[1, 1, 0, 1] 2 TBs -- [0, 1, 1, 1] 2 TBs -- [0, 1, 1, 1] 1 TB}
	20
	18

	{[1, 1, 0, 1] 2 TBs -- [0, 0, 0, 0] 1 TB -- [1, 1, 0, 0] 1 TB}
	16
	14

	{[1, 1, 1, 1] 2 TBs -- [1, 1, 1, 1] 1 TB -- [1, 1, 1, 1] 1 TB}
	16
	24

	{[1, 0, 0, 1] 1 TB -- [1, 1, 0, 1] 1 TB -- [1, 1, 0, 0] 1 TB}
	12
	8


Given that it is highly likely that the UE will be configured the same TM in different cells or, if a TM enabling reception of 2 TBs is configured it will be applicable to most cells, the joint DL DAI design across cells and sub-frames is preferable. Moreover, this DL DAI design is immediately applicable when the operation switches from CA to a single-cell one. It is also noted that as the determination of the HARQ-ACK payload in Equation (1) is independent of the DL DAI design, it can be used by the UE (without misunderstanding at the NodeB) when it results a smaller HARQ-ACK payload than the one in Equation (2). Therefore,
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However, if a simplified operation is desired at the expense of an occasional small HARQ-ACK payload increase, Equation (2) can be maintained. 

Proposal 1: The DL DAI operates jointly across cells and sub-frames. The HARQ-ACK payload in PUCCH Format 3 is determined as in Equation (2) (or as in Equation (3)).
3 Application of Spatial Domain Bundling
In case the HARQ-ACK payload determined by the UE (for example using Equation 3 in the previous section), exceeds 20 bits, then spatial domain bundling needs to be performed until the HARQ-ACK payload is reduced to 20 bits and the UE can use the dual RM code. 
Considering only the cells where the UE is configured a TM enabling the reception of 2 TBs, spatial-domain bundling should apply first across cells for a given sub-frame and then, if the HARQ-ACK payload remains above 20 bits, wrap around and continue in the same cell order for the next sub-frame. The ordering of the cells can be according to the “Cell_Index” and spatial-domain bundling in the primary cell may be performed last (this can be left to implementation if it assigns a “Cell_Index = 0” to the primary cell). The ordering of sub-frames can be from the last one in the bundling window and continue sequentially.
The reason for first performing spatial-domain bundling across cells is to minimize or avoid penalizing some cells more than other cells (in case spatial-domain bundling was first performed across all sub-frames of a given cell). Depending on the DL DAI design, it may be preferable to start from the last DL sub-frame as some respective HARQ-ACK bits may be “filler” bits (with a NACK value) addressing the probability that some PDCCH after the last received PDCCH may be missed (and therefore, less/no information will be lost after spatial bundling completes). 

Proposal 2: Spatial-domain bundling is first applied across cells in descending order according to the “Cell_Index”, starting from the last DL sub-frame in the bundling window and, if needed, sequentially continuing for the remaining DL sub-frames.

4 Conclusions

This contribution considered the determination of the HARQ-ACK payload in PUCCH Format 3 for a TDD system and the application of spatial-domain bundling when it is required to reduce the HARQ-ACK payload to 20 bits and proposes the following: 
Proposal 1: The DL DAI operates jointly across cells and sub-frames. The HARQ-ACK payload in PUCCH Format 3 is determined as in Equation (2) (or as in Equation (3)).
Proposal 2: Spatial-domain bundling is first applied across cells in descending order according to the “Cell_Index”, starting from the last DL sub-frame in the bundling window and, if needed, sequentially continuing for the remaining DL sub-frames.
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Joint DAI Design Across Cells and Sub-Frames
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