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1. Introduction
In RAN 62bis, it was discussed on HARQ feedback in TDD and the following proposals are agreed [1]:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits
Additionally, the ordering and coding of A/N bits for PUCCH format 3 in FDD is also agreed by section 5.2.3.1 in ‎[2], and the single RM code will be used for HARQ A/N and SR of payloads of up to 11bits while the dual RM code will be used for HARQ A/N and SR of payloads of between 12 bits and 21bits.
In this contribution, we will discuss the HARQ A/N payload size and spatial bundling application of A/N bits for PUCCH format 3 in TDD.
2. A/N payload size for PUCCH format 3 in TDD
For A/N payload size, it was already decided to be configured according to the number of configured CC, transmission mode per each CC in FDD. Compared with FDD, the A/N payload size of HARQ A/N in TDD would be different due to different configuration of between DL and UL subframe. Therefore, it needs to make a decision about A/N payload size of HARQ A/N for PUCCH format 3 in TDD. Up to now, some contributions which can be roughly divided by two alternatives were proposed on this issue as followings [3]-[7].
Alt 1) Semi-static A/N payload size on PUCCH format 3 for TDD
· It is determined by the number of configured CC, configured transmission mode per each CC and the size of bundling window (the number of DL subframe(s) corresponding to one UL subframe). Then, the HARQ A/N payload size is determined by 
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Alt 2) Dynamic A/N payload size on PUCCH format 3 for TDD

· It is based on value of DAI in PDCCH. The alt 2 could be divided by several specific definitions about DAI such as Rel-8 design, Joint DL DAI design and the total number of subframe per each CC). The HARQ A/N payload size of PUCCH format 3 based on DAI can be usually determined by 
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where 
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The alt 1 is possible to achieve the most stable A/N transmission based on values of the fixed configuration. In addition, the known state (i.e. De-activated CC, Non-scheduled CW in CC with 2CW transmission mode and Non-scheduled subframes per CC) in A/N codebook as unnecessary bit region can be discarded for the performance of ML decoder by setting to zero in the eNB side [9]. And also, compared with alt 2 as scheme based DAI, it can be free from a PDCCH missing problem which is an issue of missing PDCCH after the last PDCCH reception. Although the number of spatial bundling is increased if it is over the capacity of PUCCH format 3, it would not have critical impact on DL throughput loss by little increased number of spatial bundling considering few deployment scenarios configured more than 2 CCs for Rel-10 in realization. In addition, if we agree the spatial bundling is only achieved up to 20 bits in TDD following as description of section 3, such case can be even more reduced. Therefore, we don’t see the reason to employ alt 2, thus we think alt 1 should be supported for PUCCH format 3. 
Proposal 1. The semi-static HARQ A/N payload size should be applied for PUCCH format 3 in TDD.
3. Remaining details of spatial bundling for PUCCH format 3
In RAN 62bis meeting, it was agreed that the spatial bundling is performed if the number of A/N bits to be indicated would be >20. Accordingly, when the number of A/N bits exceeds 20bits, there are two alternatives for employing spatial bundling in accordance with the agreement of PUCCH format 3. The first option is that it is achieved until 20 bits to reduce the number of HARQ A/N bits. The second option is to fully employ the spatial bundling across all subframes of each cell configured MIMO transmission mode regardless of the resulting HARQ A/N payload thus, it is able to reduce the less than 20bits of HARQ A/N payload. When comparing the above two options, we prefer the first option because it can obtain the better DL throughput gain due to higher A/N multiplexing than the second option and coincide with purpose of introduction of spatial bundling in TDD.
Proposal 2. The first option should be applied for dual-RM if HARQ A/N payload size exceeds 20 bits.

Accordingly, if the spatial bundling is achieved up to 20bits of HARQ A/N payload, it should firstly decide how to employ the spatial bundling on which resources (e.g. subframe in bundling window and CC) and in what order (e.g. time first or CC first). As detailed methods, it can therefore consider predefined method between eNB and UEs. The predefined modes are following some options : 
· Option 1. The spatial bundling across frequency (CCs) for a given subframe (from the first or last CC) in bundling window of TDD
· Option 2. The spatial bundling across time (DL subframes in bundling window) for a given CC (from the first or last subframe) in bundling window of TDD

· Option 3. The spatial bundling with first predefined SCC index (e.g. lowest SCC index)
First of all, when comparing scheme between option 1 and 2, option 1 is preferable because it can maintain the same QoS across cells as much as possible. Regarding option 3, when considering the probability for scheduling between on PCC and SCC, the probability of scheduling on PCC would be bigger than that on SCC. Accordingly, in order to fully multiplex HARQ A/N bits related with PDSCHs on PCC as much as possible, the option 3 needs to be considered with option 1 or 2 as application of spatial bundling. In option 3, it is therefore required to decide that which SCC is firstly employed for the spatial bundling among SCCs (e.g. based on SCC with lowest CC index) and also which resource (e.g. across time or frequency for a given CC and subframe, respectively) is performed firstly for the spatial bundling on selected CC. As seen in annex, simple examples of above options are introduced. Among these options, we prefer the option 3 in combination with option 1 (e.g. do the spatial bundling from SCC with lowest CC index to PCC across first frequency domain for a given subframe shown by option 3-2) because there are the some benefits from option 1 and 3 which have the equalization of QoS across CCs and maximization of A/N multiplexing of scheduled PDSCHs on PCell assuming high frequency of scheduling PDSCH on only PCell.
Proposal 3. The option 3 in combination with option 1 is supported for application of spatial bundling for PUCCH format 3 until 20bits of HARQ A/N payload.
4. Conclusion
In this contribution, we discuss the HARQ A/N payload size and application of spatial bundling for PUCCH format 3 in TDD. The followings are our views on these issues :
· Proposal 1. The semi-static HARQ A/N payload size should be applied for PUCCH format 3 in TDD.
· Proposal 2. The first option should be applied for dual-RM if HARQ A/N payload size exceeds 20 bits.

· Proposal 3. The option 3 in combination with option 1 is supported for application of spatial bundling for PUCCH format 3 until 20bits of HARQ A/N payload.
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Annex
In annex, we will introduce the example of the options for application of spatial bundling if it is over 20 bits. In below options, it is assumed that PCC and SCC1 are configured by 2 CW reception and spatial bundled subframes on each CC is represented by blue color. Additionally, the blue arrows indicate the order of spatial bundling depending on method of spatial bundling in each option.
Option 1. Example of frequency (CC) first spatial bundling for a given subframe 
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Option 2. Example of time first spatial bundling for a given CC
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Option 3-1. Example of time first spatial bundling (from SCC to lastly PCC) for a given CC. After employing on all SCC and then, it can do the spatial bundling on PCC if needed.

[image: image11.emf]2 CW 2 CW 2 CW 2 CW

2 CW

(1bit)

2 CW

(1bit)

2 CW

(1bit)

2 CW

(1bit)

PCC

SCC 1

DL 

subframe

2 CW

(1bit)

2 CW 2 CW 2 CW SCC N






Option 3-2. Example of frequency (CC) first spatial bundling (from SCC to lastly PCC) for a given subframe. After employing on all SCC and then it can do the spatial bundling on PCC if needed. 
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