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1 Introduction
The inter-band carrier aggregation of TDD component carriers (CCs) with different configurations will be supported in Rel-11 and substantial progress related to HARQ-ACK transmission has already been reached during. Both PUCCH format 3 and PUCCH format 1b with channel selection (CS) are agreed to be supported for HARQ-ACK transmission. Following conclusion was made in RAN1 #70
· For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission and self-carrier scheduling, the HARQ-ACK transmission shall follow the Rel-10 design except the following: 

· Applicable if none of the PDSCH timing reference configurations of aggregated serving cells is configuration #5;

· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows

· For HARQ-ACK transmission on PUCCH (at least for the case when all Mp, Ms are positive)

· The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell.

· The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value

· FFS for the case when any of the (Mp, Ms) is zero

· FFS for the handling of overlapping states
This contribution provides further analysis on the above FFS aspects and considers how to properly address them with least associated specification complexity.
2 Discussion 
2.1 Cases with min (Mp, Ms) = 0
The first FFS aspect of the agreement is to specify how UE generates the HARQ-ACK states correspondingly, given that min (Mp, Ms) = 0. Suggested alternatives are outlined below: 

· Alternative 1: Follow the HARQ-ACK generation scheme defined for single carrier operation in Rel-10. 
· Alternative 2: Reuse the HARQ-ACK generation scheme defined for the inter-band CA case of Mp 
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Ms and min (Mp, Ms) > 0, e.g. padding DTX for {HARQ-ACK(0), …, HARQ-ACK(M-1)} for the serving cell with zero bundling window size. 
Note that Rel-10 mapping table is preferred to be used for both of the alternatives due to the benefits arising from, such as to avoid implementing two distinct mapping tables for Rel-11 TDD UEs, and to avoid ambiguities on mapping tables to be used during the reconfiguration between single carrier case and multi-carrier case, and capability to provide full separation between ACK and NACK existing in Rel-10 mapping table, etc. 
The combination of bundling window size under the assumption that min (Mp,Ms) =0, are summarized briefly in Table 1 according to the HARQ-ACK timing agreements for inter-band CA scenario. 

For the case of Ms =0, Alternative 1 could conditionally provide a better DL throughput performance per UE without additional control overhead since time domain bundling will be used in Alternative 2 if the number of A/N bits to be indicated after spatial bundling would be >4, for example Mp =4 case. However, as summarized in Table 1, the performance degradation on PCell due to time domain bundling seems never happened practically under the hypothesis that Ms =0 since the value of Mp is always less than 3 and no time domain bundling implemented. Therefore, there should be no difference in terms of DL throughput performance between two alternatives. 
Table 1: Bundling window size combination with min (Mp, Ms) = 0
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     Note: “(” refers to the case could happen. While “x” refers to the case would not happen for inter-band CA scenario. 
For the case of Mp = 0, Alternative 1 provides a practical approach to avoiding the time domain bundling on SCell and offers better DL throughput performance as pre-mentioned. One issue which arises for Alternative 1 is the control overhead since additional explicit PUCCH resources maybe required compared to Alternative 2. However, considering Mp = 0 cases are happened only when configuration 0 is deployed on PCell, the UL control overhead should not be a big issue ,but the DL throughput performance from avoiding time domain bundling is much worthwhile.   
Thus, taking into account the principle to maximize the commonality of two cases and DL throughput performance, our views on HARQ-ACK feedback with min (Mp, Ms) = 0 for inter-band TDD are as follows:

Proposal 1: UE follows the HARQ-ACK generation scheme defined for single carrier operation in Rel-10 when min (Mp, Ms) = 0
2.2 Handling of overlapping states
The second FFS aspect of the agreement is now considered. As aforementioned, when PUCCH format 1b with CS is configured for HARQ-ACK feedback, the existing mapping tables with M= max (Mp, Ms), which are defined for the case of two configured CCs in Rel-10, is selected by UE for HARQ-ACK transmission, where Mp denotes the bundling window size on PCell and Ms is the bundling window size on SCell. Additionally, for a serving cell with smaller bundling window size, the UE shall totally generate M HARQ-ACK bits by appending (M-min(Mp, Ms)) [image: image3.png]


additional HARQ-ACK bit(s) with DTX value(s). In this manner, the existing Rel-10 channel selection mapping tables can be reused for inter-band CA without having the need to define new mapping tables. 
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 Figure 1: Variable bundling window size for inter-band TDD Carrier Aggregation.
Generally, this is a good design choice of HARQ-ACK feedback in terms of specification complexity aspects for supporting PUCCH format 1b with CS. However, one issue of current agreement observed in [1] is that overlapping states cause the performance loss problem due to unnecessary time-domain bundling on the serving cell of smaller bundling window size. As evident from the typical example shown in Figure 1, the size of bundling windows associated with the UL subframe 7 is different for the two serving cells. For PCell, the HARQ-ACK bundling window size is 2 comprising subframe {0, 1}, while it is 4 for SCell comprising subframe {9, 0, 1, 3}. The details of overlapping states issue of Figure 1 and the performance loss arising from overlapping states issue were further illustrated in Figure 2 as: after padding the additional states with ‘DTX’, UE always generates the same mapped state “NACK, NACK” regardless of the actual decoding results of PDSCH on PCell, since two HARQ-ACK states, both “ACK, NACK, DTX, DTX” and “NACK, any, DTX, DTX”, are overlapping mapped to same mapped state which marked with ‘yellow’ color in Table 2. Therefore, padding additional HARQ-ACK states with ‘DTX’ always results in the HARQ-ACK state being unknown at eNB side and consequently the scheduling of PDSCHs on PCell may be potentially restricted at the eNB resulting in DL throughput loss. 
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Figure 2: HARQ-ACK states overlapping due to DTX padding

Table 2: HARQ-ACK state mapping for M = 4 case
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	Mapped state

	‘DTX, any, any, any’ or no DL assignment is received.
	DTX, DTX

	ACK, DTX, DTX, DTX
	ACK, NACK

	ACK, ACK, NACK/DTX, any
	NACK, ACK

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK

	ACK, ACK, ACK, ACK
	ACK, NACK

	‘NACK, any, any, any’ or ‘ACK, DTX/NACK, any, any except for ‘ACK, DTX, DTX, DTX’
	NACK, NACK


The probability of Overlapping states occurring through all configuration combination cases is summarized in Table 3. Note that, as shown in the Table, the overlapping states issue happens very frequently with a high probability (approximately 40% and even more challenging as 85% taking into account typically configuration 1/2/3/4 on PCell) for the inter-band CA scenario and therefore should be paid serious attention. Moreover, the dominant sources of overlapping issue would be the case of min{Mp,Ms} = 2 or 3 and max{Mp,Ms} = 4, which approximately have a probability 95% as summarized in Table 4 and hence should be solved with higher priority. 
Table 3: Summary on the overlapping states issues distribution
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Table 4: Probability of combination of bundling window size with overlapping states happen 
	Combination of bundling window size as a source of overlapping states issue
	(2,4)
	(2,3)
	(3,4)

	Probability
	50%
	5.6%
	44.4%


Some practical solutions to alleviate this problem are further considered for each possible combination of HARQ bundling window size in Table 4. For the example of Mp=2 and Ms =4 as shown in Figure 1, by simply remapping the “NACK ACK” states of PCell to “ACK, ACK, ACK, DTX” states and “ACK, NACK” state to “ACK, DTX, DTX, DTX” state, the overlapping states issue can easily and sufficiently be addressed for the case of min{Mp,Ms}=2 and max{Mp,Ms}=4 to make the overlapping states detectable at eNB side and consequently increase the downlink throughput performance . Generally extending this principle for the other two cases of Table 4, e.g. (2, 3) and (3,4), the overlapping states issue could be easily addressed by remapping the state of “NACK,ACK” to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)} and remapping  the state of “ACK,NACK, any” to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)} respectively.
System level simulation results
To study the benefit of the proposal, system level simulation results are provided. The detailed simulation assumptions are given in Annex. Two HARQ-ACK feedback methods of conventional and proposed ones (see. Proposals 2) are compared. The simulations were performed for TDD configurations [PCell, SCell] of [2, 0], [2, 6], and [4, 6]. The simulation results are shown in Tables 1 to 7. In general, for all given scenarios, the proposed method always shows the gain over the conventional one. We further observe that;

· The largest gain by proposed method over conventional one is found in TDD configuration [2, 0].

· For non-full buffer simulation of [2, 0] in 3km/h, the gains by proposed method over conventional one are 6.5% and 10.5% in terms of average throughput and 5% cell edge throughput, respectively.

· The proposed method always shows the gain over conventional one.
Table 5: Non-full buffer, 3km/h, TDD UL-DL config. [PCell, SCell]=[2, 0]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	12.915 
	-
	2.630 
	-

	Proposed
	13.752 
	6.5%
	2.907 
	10.5%


Table 6: Full buffer, 3km/h, TDD UL-DL config. [PCell, SCell]=[2, 0]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	1.423
	-
	0.410
	-

	Proposed
	1.470
	3.3%
	0.421
	2.7%


Table 7: Full buffer, 120km/h, TDD UL-DL config. [PCell, SCell]=[2, 0]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	0.819
	-
	0.195
	-

	Proposed
	0.869
	6.1%
	0.205
	5.1%


Table 8: Full buffer, 3km/h, TDD UL-DL config. [PCell, SCell]=[2, 6]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	1.570 
	-
	0.451 
	-

	Proposed
	1.603 
	2.1%
	0.462 
	2.4%


Table 9: Full buffer, 120km/h, TDD UL-DL config. [PCell, SCell]=[2, 6]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	0.912 
	-
	0.214 
	-

	Proposed
	0.950 
	4.2%
	0.223 
	4.2%


Table 10: Full buffer, 3km/h, TDD UL-DL config. [PCell, SCell]=[4, 6]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	1.588 
	-
	0.458 
	-

	Proposed
	1.621 
	2.1%
	0.472 
	3.1%


Table 11: Full buffer, 120km/h, TDD UL-DL config. [PCell, SCell]=[4, 6]
	HARQ-ACK feedback
	Avg. Throughput
	5% cell edge throughput

	
	Absolute [Mbps]
	Gain over conventional
	Absolute [Mbps]
	Gain over conventional

	Conventional
	0.911
	-
	0.215
	-

	Proposed
	0.953
	4.6%
	0.225
	4.7%


Based on the above analysis and system-level simulation results, we propose:
Proposal 2: 

· The UE select the channel selection mapping table corresponding to M=max(MP, MS) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX except the following: 
· For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating downlink SPS release 
·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·    In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

3 Conclusions
This contribution considers the remaining technical issues on PUCCH Format 1b with CS for inter-band CA regarding the PUCCH feedback scheme for the case of min (Mp, Ms) = 0 and handling of overlapping states issue. Overall specification complexity versus DL throughput performance trade-offs are considered. In particular, the following are proposed.
Proposal 1: 
· UE follows the HARQ-ACK generation scheme defined for single carrier operation in Rel-10 when min (Mp, Ms) = 0
Proposal 2: 

· The UE select the channel selection mapping table corresponding to M=max(MP, MS) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX except the following: 
· For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating downlink SPS release 
·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·    In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2),HARQ-ACK(3)}.
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Annex. System Level Simulation Assumptions
Table 12: Simulation assumptions
	Parameter
	Assumption

	Propagation scenario
	3GPP Case 1

	Deployment
	Homogeneous

	Number of UEs per cell
	10

	eNB antenna configuration
	2 cross-polarized Tx antennas (-45,+45)

	UE antenna configuration
	2 cross-polarized Rx antennas (-90, 0)

	Traffic model
	Full Buffer, Non-full Buffer, (user arrival rate λ=0.4)

	Scheduler algorithm
	Proportional fairness, per CC and per DL subframe

	Scheduling granularity 
	5 PRBs

	CC Configuration
	2CCs, (Pcell, Scell)=(5MHz, 10MHz)

	TDD UL-DL configurations [PCell, SCell]
	[0, 2], [6, 2], [6, 4]

	Transmission scheme
	SU-MIMO


	Maximum Rank per UE 

	2

	Receiver type 
	Interference unaware

	Feedback periodicity 
	10ms 

	PMI feedback 
	Rel-8 LTE codebook 

	Link adaptation scheme
	Outer loop control based on ACK/NACK 

	HARQ scheme
	Chase combining

	Maximum number of retransmissions
	4 
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