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1. Introduction  
In RAN1 #62bis, the followings were agreed.

· 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

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

There are two issues left FFS. In this contribution, we will discuss the bundling way for channel selection and the necessity for supporting mode 2 is discussed in another contribution [1].
2. Discussion
Since up to 4 bits can be supported by format 1b with channel selection, if CC or subframe bundling is not enabled, the number of configured DL CCs and DL subframes corresponding to one UL subframe should not exceed 2 if the UE is configured using channel selection for ACK/NACK feedback. Otherwise, some form of bundling should be applied.

There are two forms of bundling, namely CC-domain bundling and time-domain bundling. In the following section, we discuss these two different bundling methods taking the DAI design and error case handling into account.
2.1 CC-bundling
A simple example is that a bundled HARQ-ACK per configured subframe and using the corresponding mapping table based on the UL/DL subframe configuration, which is illustrated in Figure 1. 


[image: image1]
Figure 1 channel selection based on CC-bundling

In this form of bundling, the DAI should be designed as a total number of assignments within the current subframe to handle the error case caused by DL assignment missed detection. If a DL assignment is missed, a bundled NACK is generated for the subframe.
As illustrated in Figure 1, for N_subframe = 2 or 3, there may be some modification to reduce the size of bundling window, which will help the throughput performance. Another example is shown in Figure 2. Take N_subframe=2 as an example, there are two bundled HARQ-ACKs corresponding to each subframe. If there is only 2 DL CCs configured for the UE, 4 spatial bundled HARQ-ACKs for each CC in the two subframe are transmitted using PUCCH format 1b with channel selection by M=4 mapping table. And if the number of the configured CC is larger than 2, then partial-CC bundling is applied to make sure that there are only two bundled HARQ-ACKs for one subframe. In this case, the DAI is also designed as a total number of assignments within the current subframe. 
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Figure 2 modified channel selection based on dynamic CC-bundling

The number of ACK/NACK bits for the corresponding DL subframe is listed in Table 1 for different DL/UL configuration. For the subframe with 1 bit for ACK/NACK feedback, bundling across all configured CCs is applied. And for the subframes with 2 bits for ACK/NACK feedback, the partial CC bundling pattern is determined on the received DAI. The relationship between the partial CC bundling pattern and the received DAI is illustrated in Table 2. In case of PDCCH missed is detected by DAI, 1 or 2 NACKs will be generated for the subframe.
Table 1 The number of ACK/NACK bits for different DL subframe
	
	DL subframe #n
	DL subframe #n+1
	DL subframe #n+2
	DL subframe #n+3

	N_subframe =2
	2
	2
	
	

	N_subframe =3
	1
	1
	2
	

	N_subframe =4
	1
	1
	1
	1


Table 2 The relationship between the partial CC bundling pattern and the received DAI
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	Partial CC bundling pattern
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There might be an error case with partial CC bundling on the handling of SPS PDSCH without DL grant. An example is shown in Figure 3, where UE receives SPS PDSCH without DL grant on one CC and misses the PDCCH on another CC in subframe 1. Without receiving any PDCCH and DAI, UE will feed back the SPS ACK/NAK as the bundled ACK/NAK for subframe 1, causing an error. This error case can be handled if DAI is defined as the total number of PDSCHs granted with PDCCH up to the current subframe. In addition, the DAI value is the same across different CCs in a subframe. For instance, for the case shown in Figure 3, the DAI value will be as shown in Table 3. Note that the DAI values are overlapping due to the 2-bit limitation. Assuming the number of missed PDCCH in subframe #n and subframe #n+1 is less than 4 (the exception is a very rare case), UE could always determine the DAI value of the current subframe based on the DAI of previous subframe and the number of received PDSCH with PDCCH. Thus, the missing PDCCH error case with SPS PDSCH can be handled. 
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Figure 3 Example of error case of partial CC bundling with SPS PDSCH
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Figure 4 Example of DAI to handle SPS PDSCH 
Table 3 DAI as the total number of PDSCHs granted with PDCCH up to the current subframe
	
	

	00
	1/5/9/13/17

	01
	2/6/10/14/18

	10
	3/7/11/15/19

	11
	4/8/12/16/20


However, considering a special case where SPS PDSCH is in the last subframe of the bundling window as shown in Figure 5, an error case still exists for DAI value defined in Table 3. This special error case can be handled if UE shall bundle the HARQ-ACK of SPS PDSCH with the first subframe HARQ-ACK. 
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Figure 5 Example of error case where SPS PDSCH in the last subframe of the bundling window
2.2 Time-domain bundling
As for time-domain bundling, the DAI should be designed as an accumulative number of PDSCH up to the present subframe. In order to solve the problem caused by last PDCCHs miss detection, a possible way is to feedback the number of received ACKs for a CC. If 2 bits are needed to represent the number of received ACKs, only 2 CCs can be configured for a UE if channel selection is configured as the UE ACK/NACK feedback mode. Furthermore, some feedback bits will be used for error case handling which in turn may cause some performance loss. With such a limitation on the supported CC number and error case handling complexity, we think time domain bundling is not appropriate for channel selection.
2.3 Bundling based on DAI as a counter
We proposed an alternative way of bundling based on DAI, where DAI is defined as a counter in the frequency domain first then time domain [2]. From an example shown in Figure 6 we can find that, according to the DAI, we will bundle the HARQ-ACKs with DAI satisfying 
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 as the first bundled HARQ-ACK, and 
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 as the second bundled HARQ-ACK. The feedback of UE’s last detected DAI can be used to solve the last n missing PDSCH. In case of SPS PDSCH, its’ HARQ-ACK shall be bundled with the second bundled HARQ-ACK(1). This bundling way is able to support more than 2 CCs and solve DTX problem (assuming the chance where the last n >= 4 consecutive PDCCHs all missing is small). 
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Figure 6 Bundling way in case of DAI as a counter
3. Conclusions 
In this contribution, we discuss the bundling way for format 1b with channel selection in LTE-A TDD. CC-bundling in case of DAI defined as the total number of PDSCHs granted with PDCCH up to the current subframe is preferred. An alternative bundling way in case of DAI as a counter can also be considered. Both bundling can support more than 2 CCs and solve DTX problem. Furthermore in CA scenario, when eNB only transmits PDSCH on PCC, both DAI definitions are compatible with Rel-8; thus, when PDCCH is not missing, UE can determine only PCC scheduled based on DAI.
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