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1 Introduction 

In 3GPP RAN1 #70 meeting, the following agreement has been reached.
· 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 one of FFS cases when any of the (Mp, Ms) is zero. We compare the performance of the maximum size approach [1], also stated above, with single cell mapping table approach [2].
2 Overview of single cell mapping table approach

In [1], a method using the maximum size approach was proposed to deal with the bundling window size difference when channel selection is used to transmit HARQ-ACK. However, the maximum size approach may introduce unnecessary DTX bits which may lead to performance loss. As the number of ACK/NACK bits increases for a mapping with a fixed number of PUCCH resources, the performance of the mapping degrades because extra time-domain bundling has to be used. Moreover, the distances between transmissions corresponding to the ACK/NACK bit states are reduced. 

One set of special cases is where Mp is equal to zero. For example, when PCell is UL/DL configuration 0 and SCell is configuration 4, at subframe #3, Mp=0 and Ms=4. If we set M = max{Mp, Ms}, and use Table 10.1.3.2-6 in [3] with all 4 bits of PCell set to DTX as stated in [1], the mapping table becomes Table 5 below. As we can see, there are only four distinct states in Table 5. Because only 4 distinct states are used, only two bits of information can be conveyed.  The availability of only 2 ACK/NACK bits for more than 2 transport blocks leads to time domain bundling and therefore degraded downlink throughput.  Furthermore, the mapping table’s distance properties are rather less than optimal given the small number of distinct states.  For example, QPSK is used to differentiate the two states that share PUCCH resource 3 and only one modulation state is used on PUCCH resource 2.   This can lead to significant performance loss.
In the cases where one of Mp and Ms is equal to zero, we propose to simply use the single cell mapping tables with M = max {Mp, Ms}. In this way, for the above mentioned (Mp, Ms) = (0, 4) case, Table 10.1.3-7 in [3], also listed as Table 7 below, is used. There are 16 unique states transmitted using QPSK on 4 PUCCH resources. This use of 16 unique states allows the 4 bits of ACK/NACK information to be indicated.  It therefore avoids unnecessary time domain bundling and has better downlink throughput than when Table 5 is used.  Furthermore, because the 4 states associated with each PUCCH resource are indicated by QPSK modulation, the distance properties of Table 7 are significantly better than Table 5. 
In term of implementation complexity, this method has almost no impact on complexity. The single cell mapping tables are already supported by all UEs. It just requires to add an entry in a mapping lookup table to point to the single cell mapping table whenever M = min {Mp, Ms} = 0.  The SCell can continue to allocate PUCCH resources using ARI. 
Proposal 1: The one serving cell Rel-10 mapping table should be used whenever one serving cell has zero bundling window size, i.e. M = min {Mp, Ms} = 0. 
3 Detailed analysis
With maximum bundling window size approach, the transmission mapping is not optimal and the performance loss can happen in some combinations of PCell and SCell bundling window sizes. Especially, when Mp=0, the loss can become significant. We list all the possible cases in this category in this section and compare the performance with proposed single cell mapping table approach.

3.1 Case (Mp, Ms) = (0, 1)

3.1.1 PCell configured 1TB

If SCell is configured for 1TB, with the maximum bundling window size approach, one PUCCH resource, 
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, is from SCell and the transmission mapping follows Table 1. It is OOK (on-off keying) detection. For the single cell approach, it is a format 1a BPSK mapping. For the same average transmit power, ideally, BPSK has 3dB advantage over OOK.
If SCell is configured for 2TB, for the maximum bundling window size approach, two PUCCH resources, 
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, are both from SCell. According to the CR currently being discussed on mapping of TB and serving cell to HARQ-ACK(j) for PUCCH format 1b HARQ-ACK channel selection for TDD with M=1 and A=3, the ACK/NACK bits from PCell are always mapped to at least the first HARQ-ACK bit. The mapping table for maximum bundling window size approach is shown in Table 2. We can see that 4 total states are indicated,  where two states are indicated using QPSK on resource 2, while one state occupies resource 1, and the last state is indicated by No Transmission.  The distance properties are essentially the same as for Table 5, so we can again anticipate higher required PUCCH power than would otherwise be needed.  For single cell approach, assuming Release 10 mapping table is used, the transmission mapping is in Table 6 with 
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 are both from SCell.  Here, 5 total states are indicated, with BPSK being used on resources 0 and 1, and a fifth state being indicated by No Transmission.  Comparing these two mapping tables, the minimum distance between states due to the use of BPSK rather than QPSK will provide better performance for single cell approach of Table 6.
3.1.2 PCell configured 2TB
If SCell is configured for 1TB, with the maximum bundling window size approach, one PUCCH resource, 
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, is from SCell. The transmission mapping table is as in Table 3. It is again OOK detection. For single cell approach, it is format 1a BPSK mapping. Therefore, the single cell approach has the same theoretical 3dB performance advantage over the maximum bundling window size approach as for the 1 TB PCell case.

If SCell is configured for 2TB, two PUCCH resources, 
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, are given from SCell, and the mapping table for maximum bundling window size approach is shown in Table 4. Table 4 has the same behavior as Table 2: four total states are indicated, where two states are indicated using QPSK on one resource, while one resource indicates only one state, and the last state is indicated by No Transmission.  For single cell approach with Release 10 mapping table, the mapping table is as in Table 6 with two PUCCH resources 
[image: image9.wmf])

1

(

PUCCH,0

n

  and 
[image: image10.wmf])

1

(

PUCCH,1

n

 both from SCell.   Since Table 4 has the same behavior as Table 2, we can expect the same relative performance as in the 1 TB PCell case: the minimum distance between states due to the use of BPSK rather than QPSK will provide better performance for single cell approach of Table 6 as compared to if the maximum window size mapping using Table 4.
3.2 Case (Mp, Ms) = (0, 2)

For maximum bundling window size approach, ACK/NACK transmission mapping table is shown in Table 4 as well with two PUCCH resources, 
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, given from two different subframes on SCell. For single cell approach with Release 10 mapping table, Table 6 should be used with two PUCCH resources 
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 both from SCell but different subframes. The same reason as in the previous case (Mp, Ms) = (0, 1) with 2TB is configured on both PCell and SCell, the single cell mapping table has better distance properties will performance better than the maximum bundling window size approach. 

3.3 Case (Mp, Ms) = (0, 4)

For maximum bundling window size approach, transmission mapping table is in Table 5. Only two PUCCH resources, 
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, are given from SCell. For single cell approach, Table 7 is used for ACK/NACK transmission mapping. Four ACK/NACK bits are encoded using 16 unique transmissions on 4 PUCCH resources, and unneeded time domain bundling is avoided.  As discussed in section 2, the distance properties and lack of unnecessary time domain bundling will improve both the PUCCH performance and downlink throughput.  
4 Probability of performance loss and link level results
As we have seen above, the maximum bundling window size approach leads to performance loss when Mp=0. These will happen when PCell is set as configuration 0 and aggregates with the other carrier with configuration 1, 3, 4, and 6. Given the combination of PCell and SCell configurations, the percentage of subframes with degraded performance is summarized as in the following table. 
Table 0: Percentage of subframes with degraded performance vs configuration combination
	(Mp, Ms)
	Configuration combination (PCell, SCell)
	Degraded subframes

	(0, 1)
	(0,1) and (0,6)
	33%

	(0, 2)
	(0,3)
	20%

	(0, 4)
	(0,4)
	20%


The cases where (Mp,Ms) is (0,1) and (0,2) can both require 2 ACK/NACK bits for SCell.  Since these two subframe combinations together have the greatest percentage of degraded subframes, the SCell 2 ACK/NACK bit case is of particular interest.   When (Mp,Ms) is (0,1) and PCell is configured for 1 TB while SCell is configured for  2 TBs, the maximum bundling window size approach would use Table 2 (with 3 ACK/NACK bits, but HARQ-ACK(0)=DTX), whereas the single cell mapping table uses Table 6 (with 2 ACK/NACK bits).  We present link level simulation results comparing the required transmit power of the two approaches in the figure below.  The figure shows the probability of ACK to NACK or DTX, of DTX to ACK, and NACK to ACK.  The simulation assumptions and more detailed discussion of the results can be found in Appendix 2.
If we use an ACK to NACK or DTX requirement of 1% as well as a NACK to ACK error rate requirement of 0.1%, the required transmit power for Table 2 and Table 6 are -6.5 and -7.8 dB, respectively.  Therefore, the maximum bundling window size method requires 1.3 dB more transmit power in this scenario.
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Figure 1: Link level performance for 2 A/N bits on SCell with 0 bits on PCell
5 Conclusions
In this contribution, we have provided performance comparison of the maximum size approach with single cell mapping table approach for PUCCH format 1b with channel selection in the case of inter-band CA with different TDD UL/DL configurations. When PCell has M=0, we have observed that the mapping tables used in the maximum size approach have poorer distance and time domain bundling properties than the single cell mapping tables. UEs can have degraded performance when the maximum size approach is used in up to 33% of the subframes, both in terms of PUCCH transmit power and downlink throughput.   As an example of the additional PUCCH transmit power required, we present simulation results comparing the approaches for when up to 3 ACK/NACK bits are transmitted with at most one bit on PCell in a 3 kph ETU channel with 5 MHz system bandwidth.  In this case, the results show that 1.3 dB more transmit power was needed for the maximum size approach relative to the single cell mapping method in subframes where PCell has M=0.  Given the benefits to UE battery life and downlink throughput, we propose the following.
Proposal 1: The one serving cell Rel-10 mapping table should be used whenever one serving cell has zero bundling window size. 
6 References
[1] R1-122966, “Way forward on HARQ-ACK transmission for TDD inter-band CA,” CATT, Ericsson, ST-Ericsson, Prague, Czech Republic, May 21st – 25th, 2012
[2] R1-123185, “HARQ-ACK for Inter-band CA with Different UL/DL Configurations,” Research In Motion UK Limited, Qingdao, China, August 13th – 17th, 2012
[3] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".
7 Appendix 1
In this appendix, we list all the relevant mapping tables for all comparison cases in this contribution.

7.1 Maximum size mapping tables

Table 1: Case (Mp, Ms) = (0, 1) with PCell 1TB, SCell 1TB

	HARQ-ACK(0), HARQ-ACK(1)
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	NACK/DTX, ACK
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	0, 1

	DTX, NACK/DTX
	No Transmission


Table 2: Case (Mp, Ms) = (0, 1) with PCell 1TB, SCell 2TB

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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	NACK/DTX, ACK, ACK
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	0, 1

	NACK/DTX, ACK, NACK/DTX
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	0, 1

	NACK/DTX, NACK/DTX, ACK
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	0, 0

	DTX, NACK/DTX, NACK/DTX
	No Transmission


Table 3: Case (Mp, Ms) = (0, 1) with PCell 2TB, SCell 1TB
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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	NACK/DTX, NACK/DTX, ACK
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	0, 0

	DTX, NACK/DTX, NACK/DTX
	No Transmission


Table 4: Case (Mp, Ms) = (0, 1) with PCell 2TB, SCell 2TB and Case (Mp, Ms) = (0, 2)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	NACK/DTX, NACK/DTX, ACK, ACK
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	0, 1

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
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	0, 0

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
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	0, 0

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	No Transmission


Table 5: Case (Mp, Ms) = (0, 4)
	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	NACK/DTX, any, any, any
	ACK, ACK, ACK, NACK/DTX
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	0, 1
	0, 0, 1, 1

	NACK/DTX, any, any, any
	ACK, ACK, NACK/DTX, any
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	0, 0
	0, 0, 1, 0

	NACK/DTX, any, any, any
	ACK, DTX, DTX, DTX
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	0, 0
	0, 0, 0, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, ACK
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	0, 0
	0, 0, 0, 1

	DTX, any, any, any
	NACK/DTX, any, any, any
	No Transmission
	0, 0, 0, 0

	DTX, any, any, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	No Transmission
	0, 0, 0, 0


7.2 Maximum size mapping tables

The single cell approach mapping tables are directly taken from [3].

Table 6: Transmission of HARQ-ACK multiplexing for M = 2, Table 10.1.3-5 in [3]

	HARQ-ACK(0), HARQ-ACK(1)
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	ACK, ACK
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	1, 0

	ACK, NACK/DTX
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	1, 1

	NACK/DTX, ACK
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	0, 1

	NACK, NACK/DTX
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	0, 0

	DTX, NACK/DTX
	No Transmission


Table 7: Transmission of HARQ-ACK multiplexing for M = 4, Table 10.1.3-7 in [3]

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	ACK, ACK, ACK, ACK
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	1, 1

	ACK, ACK, ACK, NACK/DTX
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	1, 1

	ACK, ACK, NACK/DTX, ACK
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	1, 0

	ACK, ACK, NACK/DTX, NACK/DTX
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	1, 0

	ACK, NACK/DTX, ACK, ACK
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	1, 1

	ACK, NACK/DTX, ACK, NACK/DTX
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	1, 0

	ACK, NACK/DTX, NACK/DTX, ACK
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	0, 1

	ACK, NACK/DTX, NACK/DTX, NACK/DTX
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	1, 1

	NACK/DTX, ACK, ACK, ACK
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	0, 0

	NACK/DTX, ACK, ACK, NACK/DTX
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	0, 1

	NACK/DTX, ACK, NACK/DTX, ACK
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	1, 0

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
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	0, 1

	NACK/DTX, NACK/DTX, ACK, ACK
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	0, 1

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
	
[image: image62.wmf])

1

(

PUCCH,2

n


	0, 0

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
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	0, 0

	NACK, NACK/DTX, NACK/DTX, NACK/DTX
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	0, 0

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	No Transmission


Appendix 2: Simulation Assumptions and Details
Table 8: Simulation Assumptions

	Parameter 
	Assumption 

	Carrier Frequency 
	2 GHz 

	Bandwidth 
	5 MHz

	Cyclic Prefix
	Normal

	PUCCH Configuration 
	Format 1b with Channel Selection
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	2

	No. of Ack/Nack bits
	2 or 3

	Number of PRBs 
	1 

	Frequency Hopping
	On (at slot boundary)

	UE & eNB Antenna Configurations
	1 UE Tx, 2 eNB Rx, 

	Channel Model 
	ETU, uncorrelated eNB antennas with equal average Rx power

	UE Speed 
	3 km/h 

	Receiver 
	Maximum Likelihood (using knowledge of bits fixed to DTX)

	Channel Estimation 
	Realistic 

	RX false alarm detection threshold
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	Number of UEs in the cell 
	1 


The DTX to ACK rate is set to provide the lowest required transmit power to meet the ACK to NACK or DTX requirement of 1% while as well as the NACK to ACK error rate of 0.1%.  The mapping of Table 6 has a low NACK to ACK error rate (well below 0.1%) because of its good distance properties, and so the DTX threshold is set to have a DTX to ACK error rate of 1%.  The distance properties of Table 2 are not as good, and so it has a relatively high NACK to ACK error rate that requires a DTX threshold with DTX to ACK error rates well below 0.1% as well.  
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