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1 Introduction
In RAN1#63, it is decided to use time domain bundling for channel selection mode b for TDD. However, there is no agreement on the exact bundling method. Some design principles were discussed, such as:

a) Completely avoiding any error cases, 
b) Using implicit resource (in case of cross-cell scheduling for the Scell) to reduce overhead, 
c) Maximizing downlink throughput. 
None of the available solutions could satisfy all the above properties. In this contribution, we analyze candidate solutions [1,2], and suggest a solution satisfying all the above considerations. 
2 Analysis of solution in [1]
The solution for channel selection mode b in [1] assumes that the Rel-8 DAI is completely reused in each cell, the PDSCH transmissions in the bundling window for each cell are ordered according to the DAI values, and the number of contiguous ACKs from the first ACK/NACK information is reported for each cell. The above method is immune to the DAI failure in the last sub-frame(s). More specifically, if the bundling window size M equals 4, there are 4 states for the number of contiguous ACKs, i.e. 4, 3, 2, 1 and 0. The feedback information for each number of contiguous ACKs is summarized in Table 1. 
Table 1: Number of contiguous ACKs for M=4
	Number of contiguous ACKs from the first ACK/NACK information 
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) , HARQ-ACK(3) 

	4
	ACK, ACK, ACK, ACK

	3
	ACK, ACK, ACK, NACK/DTX

	2
	ACK, ACK, NACK/DTX, any

	1
	ACK, NACK/DTX, any, any 

	0
	NACK/DTX, any, any, any 


The solution [1] provides higher downlink throughput than other suggested solutions due to its smaller compressions of the HARQ-ACK information and supports implicit resource allocation to avoid unnecessarily increasing the PUCCH overhead. However, one issue for the mapping in Table 1 is that it results in 5 states for a cell. Duplicated state mapping can be considered to reduce it to 4 states and restrict the total overhead for 2 cells to 4 bits. However, this duplicated mapping also introduces a scheduler restriction. Varying views exist on the significance of this restriction on the overall scheduler operation. Hence avoidance of this restriction while maintaining the advantages of solution 1 is subsequently considered.
As defined in Table 1, there are 5 feedback states generated for each cell, which results in 5x5=25 combination states of feedback. We provide a method to report all the information of these 25 combination states. In brief, as summarized in Table 2, the information corresponds to 5 combination states are reported by fallback Rel-8 channel selection mode, while the other 20 combination states are reported by CA channel selection mode. The details are as below: 
Table 2: Enhanced proposal in [2]
	Number of contiguous ACKs from the first ACK/NACK information
	ACK/NACK transmission scheme

	Scell
	Pcell
	

	0
	0,1,2,3,4
	Fall back to Rel-8

	1,2,34
	0,1,2,3
	Channel selection by [3] or [4]

	
	4
	Format 1b by a fifth channel


1) If the number of contiguous ACKs for the Scell is 0, the Rel-8 channel selection is used
The ACK/NACK information for the Pcell is explicitly feed back, i.e. one HARQ-ACK bit is reported for each subframe. Here, the feedback for Pcell is not in the form of number of contiguous ACKs, but it worth noting that reporting individual bit for each subframe provides even more accurate feedback information to eNB, so better performance is enabled. Furthermore, as in Rel-8 TDD, all candidate channels can be implicitly allocated. 
As the case of 0 contiguous ACKs for the Scell is implicitly indicated by adopting the Rel.8 channel selection, this information does not need to be transmitted again. 
2) If the number of contiguous ACKs for the Scell is not 0, i.e. the 4 possible numbers are 1, 2, 3 and 4, so in total there are 4x5=20 combination states of feedback for Pcell and Scell. Given that each channel can carry 2 bits information, 20/4=5 channels are enough to uniquely map this information. The HARQ-ACK feedback is as following: 
a) First, 16 combination states of feedback are indicated following the mapping table in [3] or [4]. Except for the number 0 contiguous ACKs for Scell which is implicitly transmitted using the Rel-8 channel selection mode, the remaining 4 states for the Scell could be mapped to the 2 bits as shown in Table 3. For the Pcell, the 4 states selected are the numbers of contiguous ACKs 3, 2, 1 and 0, and the 4 states for the Pcell are also mapped to 2 bits as shown in Table 4. Then, the mapping table in [3] or [4] can be used to indicate all the combination states for the Pcell and the Scell. 
In case of cross-cell scheduling, the 2 channels linked to the 2 bits for the Scell could be implicitly allocated by PDCCH. For the mapping table in [3], the 2 channels can be determined by the PDCCH with DAI=1 for the Scell. For the mapping table in [4], the 2 channels can be determined by the PDCCH with DAI=1 and DAI=2 for the Scell, respectively. In case of non cross-cell scheduling, the 2 channels can be either RRC-configured or indicated using an ARI in the PDCCH for the Scell. The 2 channels linked to the 2 bits for the Pcell can be implicitly allocated using the 2nd lowest CCE of the PDCCH with DAI=1 and DAI=2 for Pcell, or it may be either RRC-configured or indicated by ARI in the PDCCH for Scell. 
b) The remaining 4 combination states of feedback, i.e. the number of contiguous ACKs for Pcell is 4, while the number of contiguous ACKs for the Scell is 4, 3, 2 and 1, could be indicated by a fifth channel using format 1b. 
The fifth channel can be implicitly allocated using the 2nd lowest CCE of the PDCCH with DAI=4 for the Pcell, or it may be explicitly indicated by ARI in the PDCCH for the Scell.
Table 3: State mapping for Scell
	Number of contiguous ACKs from the first ACK/NACK information
	Mapped state 

	4
	A, A 

	3
	N/D, A

	2
	A, N/D

	1
	N/D, N/D 


Table 4: State mapping for Pcell
	Number of contiguous ACKs from the first ACK/NACK information
	Mapped state 

	3
	A, A 

	2
	N/D, A 

	1
	A, N/D 

	0
	N/D, N/D 


With the above enhancements, all 5 states are reported for each cell, that is, duplicated mapping is avoided, so it avoids all possible error cases. 
3 Analysis on other candidate solutions
In [2], it is proposed to report one bundled HARQ-ACK bit for each cell, denoted as b0, b1 respectively,  and use the other 2 bits, b2, b3, to carry some complimentary information which helps eNB find whether the UE miss PDCCHs in certain subframe. The main benefit for this solution was claimed to be the avoidance of error cases. However, this solution has several drawbacks as mentioned below: 
1) As discussed in FDD, a main advantage of using channel selection for CA is the better PUCCH resource efficiency, i.e. the HARQ-ACK resource can be implicitly determined from existing resources and reserving additional resources, as for PUCCH format 3 is not needed in case of cross-cell scheduling. This advantage should be maintained for TDD operation as, otherwise, the additional resources can reduce UL throughput by a significant percentage depending on the number of active UEs configured with CA. However, due to the limited DAI information in [2], the suggested solution has to rely on additional explicit resource allocation for all candidate channels. Actually, in [2], the DAI is a 2-bit field as defined in Rel.8 TDD, but only 1 bit is used which allows better design to enable implicit resource allocation. 
2) In [2], also due to the limited use of DAI (only 1 bit is used with the other bit reserved), if b2 and b3 indicate a smaller number of subframes for dynamic PDSCH than the PDSCH the eNB has sent, the eNB can only know the PDCCH(s) in one subframe the UE missed but cannot know where in the bundling window the missed PDCCH(s) was. This makes the feedback for the number of missed PDCCH useless and the eNB has to retransmit all PDSCHs although some PDSCHs have been correctly received by the UE. This obviously results to DL throughput loss. The above inefficient HARQ retransmission is mainly due to the fact that there is not enough information for the eNB to determine the missed PDCCH(s). Instead, if both 2 bits of the Rel.8 TDD DAI field could be used, the eNB may know that some PDSCHs are successful even when b2 and b3 indicate a mismatched value to the eNB. 
3) In [2], basically two modes of channel selection are used. One mode is Rel-8 TDD channel selection since the individual HARQ-ACK bit for each subframe is reported. The other mode is the CA channel selection, where only one bundled bit is reported for each cell. This mode is detrimental to DL throughput. As proposed in [2], the Rel.8 TDD channel selection is only used when no PDCCH is detected in the Scell, which happens only when a UE configured with CA misses the PDCCH in the Scell or no PDSCH is scheduled in the Scell. As both of these events have low probability, the probability of the using the Rel-8 TDD channel selection mode is also low. Instead, under the design in [2], the probability of the Rel-8 TDD channel selection mode should be maximized to improve DL throughput. For example, an improvement could be that the Rel-8 TDD channel selection is used when UE realizes the state of NACK/DTX in the Scell.
From the above analysis, we conclude the proposal in [2] has several significant drawbacks in its design that will unnecessarily lead to DL and UL throughput losses. 
4 Simulation results
In the reflector discussion, we submitted the system level simulation results for the case that one bundled HARQ-ACK bit is reported for each cell and for the case that the number of contiguous ACKs is reported for each cell. The results are presented in Table 5, respectively, and the simulation assumptions are provided in Annex B. 
For simplicity, the fallback operation was not considered and therefore, the results exactly show the capability of the 2 CA channel selection schemes. From the results, the solution based on the reporting of the number of contiguous ACKs has around 8.7~9.5% gain for cell average throughput and has around 8.7~10.1% for cell edge throughput. 
Table 5: System throughput
	
	2 x 5MHz
	2 x 10MHz

	
	Cell Average
 (Mbps)
	Cell edge
 (Kbps)
	Cell Average
 (Mbps)
	Cell edge 
(Kbps)

	1 bit per cell
	14.6 / +0.0%
	551 / +0.0%
	30.3 / +0.0%
	1108 / +0.0%

	Number of contiguous ACKs for each cell
	16.0 / +9.5%
	599 / +8.7%
	32.9 / +8.7%
	1220 / +10.1%


5 Conclusion 
In this contribution, we reviewed candidate mapping methods for channel selection with mode b for DL CA emphasizing the design criteria of: 
1) Avoiding any error cases; 
2) Using implicit resource determination; 
3) Maximizing DL throughput for CA UEs.
The proposal in [2] cannot satisfy second and third of the above criteria. The proposal in [1] can be enhanced to avoid any duplicated mapping and satisfy all above design criteria and it is proposed to be adopted for channel selection with mode b.  
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Annex A1: Panasonic mapping table in [3]
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Annex A2: NSN mapping table in [4]
[image: image2.emf]PCC PCC/SCC SCC SCC PUCCH A/N resource (h#) Data

b0 b1 b2 b3 RS&Data             Const.

D N/D N/D N/D DTX  

N N/D N/D N/D h0 1

A N/D N/D N/D h0 -1

N/D A N/D N/D h1 -j

A A N/D N/D h1 j

N/D N/D A N/D h2 1

A N/D A N/D h2 j

N/D A A N/D h2 -j

A A A N/D h2 -1

N/D N/D N/D A h3 1

A N/D N/D A h0 -j

N/D A N/D A h3 j

A A N/D A h0 j

N/D N/D A A h3 -j

A N/D A A h3 -1

N/D A A A h1 1

A A A A h1 -1

2 bits

3 bits

4 bits

1 bit


Annex B: Simulation Assumptions

	TDD Configuration 
	2 (DL:UL=4:1) 

	CA Scenario 
	Intra-band 2000MHz 

	Bandwidth 
	5MHz, 10MHz

	ISD 
	500m 

	Scenario 
	3GPP Case 1 

	Fast Fading 
	SCM, 3km/h 

	Scheduler 
	Independent PF on each cell 

	UE Num 
	10 UE/sector 

	Traffic model 
	Full Buffer 

	Transmission mode 
	Closed loop spatial multiplexing 

	Antenna Configuration
	2x2

	Rank adaptation
	Enable

	HARQ Type
	Chase Combining

	CSI Feedback Mode
	Wideband PMI and Subband CQI

5ms periodicity and 6ms delay

	PDCCH model
	Ideal 

	PUCCH A/N model
	Ideal

	length for simulation
	10s


