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1 Introduction
Mode b of ACK/NACK (A/N) transmission schemes for TDD carrier aggregation in LTE-A were extensively discussed in recent meetings. An Email discussion [1] was launched on a way forward on TDD channel selection mode b. It was proposed to adopt the A/N bundling scheme in R1-110519, with modification for M=4 from R1-110389 as the agreement. In this contribution, we further investigate the following points 
· downlink throughput performance and PUCCH link performance,
· reconfiguration handling (including Rel-8 fallback),
· handling of positive SR,
· handling of TDD UL/DL configuration 5,
to get a comprehensive understanding of the two bundling schemes:

Bundling scheme 1: the existing Rel-8 bundling scheme in case of simultaneous transmission of A/N and SRI/CQI, which is proposed in [2] and is shown in Appendix B.
Bundling scheme 2: A/N bundling scheme in R1-110519, with modification for M=4 from R1-110389, shown in Appendix C.
Based on the analysis, it is proposed to reuse the existing Rel-8 bundling scheme. A complete solution to finalize mode b discussion is also provided, which includes above points as well as the resource allocation for A/N.
2 TDD mode b ACK/NACK feedback with channel selection
2.1 Performance evaluation for mode b bundling schemes 
Downlink throughput performance has been evaluated for the following two bundling schemes through system level simulation: 1-bit bundled A/N per CC and bundling scheme 2. The 1-bit bundled A/N per CC scheme could represent bundling scheme 1 since only 1-bit bundled A/N information is generated for each CC and the other bit was used for error case handling. No control error has been modelled in the system level simulation, i.e. both PDCCH and PUCCH are error free. The impact of error cases caused by PDCCH missing is not considered in the simulation.
In this section, we provide the simulation results for the two scenarios of 2x2 SU-MIMO and 8x2 beamforming, as shown in Table 1 and Table 2 respectively.
Table 1 Downlink throughput for 2x2 SU-MIMO, 3GPP Case 1
	
	Cell average
	5% cell edge

	
	Throughput
	Gain
	Throughput
	Gain

	Bundling scheme 1 (1-bit bundled A/N per CC) 
	38.50Mbps
	0%
	1332.69kbps
	0%

	Bundling scheme 2 ( with M=4 in R1-110389)
	39.70Mbps
	3.12%
	1410.60kbps
	5.85%


Table 2 Downlink throughput for 8x2 dual layer beamforming, 3GPP Case 1
	
	Cell average
	5% cell edge

	
	Throughput
	Gain
	Throughput
	Gain

	Bundling scheme 1 (1-bit bundled A/N per CC)
	52.94Mbps
	0%
	1332.69kbps
	0%

	Bundling scheme 2 (with M=4 in R1-110389)
	54.52Mbps
	2.98%
	1410.60kbps
	5.94%


It can be observed that the bundling scheme 2 can achieve 3% cell average throughput gain and 6% cell edge throughput gain in both scenarios. Although the cell edge throughput gain is promising, it cannot be achieved in practical system, since up to 18% UEs (refer to [3]) are not able to support 4-bits UL A/N transmission when 6 UEs are multiplexed in one PRB if assuming a PUCCH target SINR of -7.5 dB.
If we take consideration on non-ideal assumptions into account, the gain would be even smaller. For example, in the simulation, all the UEs are assumed to be configured with CA and mode b bundling. While in practice, UEs with single carrier mode or configured with A/N mode 1 will not be able to enjoy the throughput gain. So the cell-average throughput gain will be decreased proportionally. 
On the other hand, even the 3% cell average throughput gain is not free. Besides the existing Rel-8 bundling scheme, a new bundling scheme would be introduced to Rel-10 specification. Note that Rel-8 bundling scheme will anyhow be supported for a Rel-10 UE to access a Rel-8 network. A new bundling scheme will introduce additional complexity both in standard perspective and implementation perspective. It is hard to justify introducing a new bundling scheme with the limited performance gain.
Observation 1: No promising performance gain was identified by the proposed bundling scheme 2.
2.2 Handling of TDD configuration 5
With bundling scheme 1, TDD UL/DL configuration 5 is supported the same way as in Rel-8, which is a unified solution for different TDD UL/DL configurations as shown in Appendix B.
With bundling scheme 2, three options were given in [7] for the support of TDD UL/DL configuration 5. In the first option, TDD channel selection mode b will not support TDD configuration 5. However, time-domain A/N bundling per CC has been adopted in TDD channel selection mode b. Considering that A/N bundling per CC has already been supported for TDD configuration 5 in Rel-8, it is unreasonable to not support it in Rel-10. In the second option, an extended table on supporting TDD configuration 5 was given, which however is very complicated, as shown in Appendix D. In the third option, a 2-bit bundled HARQ-ACK representing the number of bundled ACKs will be generated for each CC, which is exactly the existing bundling scheme in Rel-8, i.e. bundling scheme 1.
If the third option is adopted for bundling scheme 2, different bundling schemes are used for different TDD UL/DL configurations, which is obviously not a clean solution. 
Observation 2: Difficulties are observed for bundling scheme2 on the supporting of TDD UL/DL configuration 5. No additional standard effort is needed for supporting TDD UL/DL configuration 5 if bundling scheme 1 is considered.
2.3 A/N simultaneous transmission and positive SRI in TDD
There is not much difference regarding simultaneous A/N and positive SRI between bundling scheme 1 and bundling scheme 2.

In Rel-8, simultaneous transmission of A/N and SRI was supported. For FDD channel selection, the agreement had been achieved for the simultaneous transmission of A/N and positive SRI during RAN1 #63bis meeting. For TDD, it’s still FFS. In the contributions [4, 5], the possible options had been discussed extensively.
In this contribution we further discuss the following two schemes for the TDD system,
Option 1: Phase reversal of the HARQ-ACK symbol in the second slot in case of a positive SR

In this scheme, A/N will be transmitted on the assigned A/N channels utilizing PUCCH format 1b with channel selection. A QPSK symbol and an A/N channel will be selected according to the value of each A/N bit. If there is a positive SR it could be indicated by a phase reverse of the selected QPSK symbol in the second slot, In case of a negative SR, the phase of the selected QPSK symbol should be kept the same in both slots.
Option 2:  2-bits ACK counter are transmitted on single SR resource
In this scheme, 2-bits A/N which represents the number of bundled ACKs across all the sub-frames and both carriers are transmitted on Rel-8 SR resource in case of positive SR. To get the bundled ACK bit, carrier domain bundling needs to be introduced in additional to spatial bundling and time-domain bundling.
For option 1, a small degradation in detection reliability is observed through a link level simulation [4]. However, it can be observed that approximate 80% of UEs can meet the target SNR requirement according to the PUCCH SINR geometry in [3] when 3 UEs are multiplexed in a same RB. For option 2, the system performance will be significantly degraded since both time-domain and carrier-domain A/N bundling will be performed within the bundling window. It is also noted that during RAN1 #62 meeting, it has been agreed as a baseline to have no cross-carrier A/N bundling for simultaneous transmission of SRI and A/N. 
When compared with option 2, option 1 is slightly preferred since carrier aggregation is anticipated to be utilized for UEs with good channel quality, and is not a coverage-centric technology. Option 1 can convey all ACK/NACK bits without any further bundling method with SR simultaneous transmission. We believe that this will grant the possibility to exploit the benefits of carrier aggregation to the maximum extent. Therefore, we propose to apply the following mechanism for SR and ACK/NACK simultaneous transmission scheme for TDD.
Proposal 1: Phase reversal of the HARQ-ACK symbol in the second slot in case of a positive SR.
2.4 Reconfiguration handling
For Rel-10 UEs with single carrier mode, one of the two A/N modes, namely Rel-8 A/N bundling and Rel-8 A/N multiplexing, could be configured for UL A/N transmission. For Rel-10 UEs with 2 DL CCs, TDD mode b channel selection could be configured for UL A/N transmission in which bundling per CC is applied. During the CC reconfiguration, UE and eNodeB may have different understanding on the number of configured CCs and A/N transmission schemes. 
In the following discussion, CC reconfiguration between single carrier and multi-carrier is further studied. The discussion holds for both reconfigurations from single carrier to multi-carrier case and from multi-carrier to single carrier case.
When Rel-8 A/N bundling is configured for single carrier mode, some implementation based solutions could be considered for reconfiguration handling as analyzed in [7]. For the examples given in [7], when only single CW is scheduled and only Pcell is scheduled, the eNB could differentiate between A/N feedback for single carrier and for multiple carriers. In that case, feedback for single carrier and feedback for multiple carriers will either use different combination of {A/N resource, QPSK constellation} or use the same combination of {A/N resource, QPSK constellation} and with the same A/N interpretation.
When Rel-8 A/N multiplexing is configured for single carrier mode, one of the UL A/N resources assigned for Pcell will be selected for transmitting 2-bit information. And eNodeB would have difficulties to distinguish between A/N feedback for single carrier and feedback for multiple carriers, since on the same A/N resource, different A/N interpretation may be applied. However, eNodeB could simply choose to schedule only in the first sub-frame of the bundling window on Pcell during CC reconfiguration. At least for this case, the resource h0 will always be selected for transmitting A/N. Either the same QPSK constellation with the same A/N interpretation or different QPSK constellations will be applied.
The above mentioned implementation based solutions apply for both bundling scheme 1 and bundling scheme 2. Although they are not perfect for reconfiguration handling, the system operation will not be broken. On the other hand, some kind of standardized schemes could be considered for reconfiguration handling. One example is to use explicit signaling for indicating Pcell scheduling only and falling back to Rel-8 A/N multiplexing. However, for Rel-8 TDD, similar reconfiguration issue also exists and is left unspecified when switching between A/N bundling and A/N multiplexing. In our understanding, for Rel-10 TDD, reconfiguration handling can also be left unspecified. Standard effort may not be needed.
Proposal 2: Standard effort may not be needed for reconfiguration handling.
2.5 Conclusion on bundling scheme
Based on the above analysis, it can be seen that bundling scheme 2 provides around 3% average throughput gain, which however may not be promising enough considering the cost it will bring. Bundling scheme 1 provides the least standard effort to finalize the discussion of TDD A/N mode b, especially when the the support of TDD UL/DL configuration 5 is considered. 
Proposal 3: Bundling scheme 1, i.e. the existing Rel-8 bundling scheme in case of simultaneous transmission of A/N and SRI/CQI, is adopted as the bundling scheme for TDD A/N mode b.
3 A/N resource allocation scheme
For TDD mode b channel selection, the detail of the A/N resource allocation scheme was discussed in [2] and [6]. 
For the resource allocation discussion, mapping tables in [8] are assumed. After the mapping in Appendix B, 2-bit HARQ-ACK information will be generated for each CC. Correspondingly, 2 A/N resources will be needed to be assigned for each DL CC to perform channel selection.

For A/N resource allocation, a working assumption in [9] has been agreed. In the working assumption, implicit A/N resource allocation will be used if the corresponding PDCCH is transmitted on Pcell, while explicit A/N resource allocation will be used if the corresponding PDCCH is transmitted on Scell.
For PUCCH A/N feedback Mode b, spatial bundling is applied. Only 1 A/N resource will be required for each PDSCH transmission. When performing channel selection, 2 A/N resources may be needed for each CC. 

For Pcell or for Scell which is cross-carrier scheduled from Pcell, 2 A/N resources can obviously be guaranteed by the working assumption in case of receiving more than 1 PDSCH on it. When receiving 1 PDSCH on a CC, only 1 A/N resource will be assigned for the CC. In such case, UE will feedback either 0 or 1 as the number of bundled ACKs. According to Appendix B, {NACK, NACK} or {ACK, NACK} is the mapped A/N bits. From the 4-bit mapping table in [8], it could be seen that the second A/N resource of a CC will never be selected for transmission in case of a {NACK, NACK} or {ACK, NACK}. Thus, assigning 1 A/N resource for each PDSCH will be enough.

When receiving more than 2 PDSCHs on a CC, more than 2 A/N resources will be assigned. However, only 2 A/N resources will be required for each CC to perform channel selection. In our understanding, a UE could simply choose the A/N resource corresponding to the first one or two PDSCHs for performing channel selection.

For Scell without cross-carrier scheduling, A/N resource will be explicitly signalled according to the working assumption. A pair of A/N resources could be explicitly indicated through ARI (by reusing TPC field) in the PDCCH, like what was agreed for A/N transmission with PUCCH format 3. More detailed, ARI could indicate one pair of A/N resources from four pairs of RRC-configured A/N resources.  A UE should assume a same ARI on a DL CC. A UE could choose the pair of A/N resources indicated by ARI for performing channel selection.
Proposal 4: For PUCCH A/N feedback Mode b,

· Table 2 in appendix B is adopted for mapping from bundled A/N to 2-bit HARQ-ACK information for each DL CC.

· For Pcell or for Scell which is cross-carrier scheduled from Pcell,
· Reuse the Rel-8/9 A/N resource allocation scheme,

· A/N resource corresponding to the first one or two PDSCHs will be used for channel selection.
· For Scell without cross-carrier scheduling, 
· The pair of A/N resources used for channel selection is explicitly indicated by ARI from four pairs of RRC-configured A/N resources, 

·  A UE should assume the same ARI on a DL CC.

4 Conclusion
In this contribution, the detailed design is further discussed for TDD PUCCH A/N feedback Mode b. Based on the discussion, it is proposed that:

· Bundling scheme 1, i.e., the existing Rel-8 bundling scheme in case of simultaneous transmission of A/N and SRI/CQI, is adopted as the bundling scheme for TDD A/N mode b.
· Phase reversal of the HARQ-ACK symbol in the second slot in case of a positive SR.
· Standard effort may not be needed for reconfiguration handling.
· Table 2 in appendix B is adopted for mapping from bundled A/N to 2-bit HARQ-ACK information for each DL CC.

· For Pcell or for Scell which is cross-carrier scheduled from Pcell,

· Reuse the Rel-8/9 A/N resource allocation scheme,

· A/N resource corresponding to the first one or two PDSCHs will be used for channel selection.

· For Scell without cross-carrier scheduling, 

· The pair of A/N resources used for channel selection is explicitly indicated by ARI from four pairs of RRC-configured A/N resources, 

·  A UE should assume the same ARI on a DL CC.
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Appendix A

Table 1 Simulation assumption
	CC Configuration
	2 contiguous CCs at 2GHz

	System Bandwidth
	10 MHz per CC

	Sub-frame Configuration
	TDD UL-DL configuration 2

	Channel Model
	Spatial Channel Model (SCM)

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Scenario
	3GPP Case 1

	Number of UEs per Sector
	10

	Antenna Configuration 
	2 Tx at eNodeB with 4.0 lambda spacing, directional antennas
2 Rx at UE with 4.0 lambda spacing, omni antennas

or 

8 Tx at eNodeB with 0.5 lambda spacing, polarized antennas
2 Rx at UE with 0.5 lambda spacing, polarized antennas

	UE Speed
	3km/h

	Scheduler
	Independent PF per CC

	Traffic Model
	Full Buffer

	Receiver
	MMSE Receiver

	UE Channel Estimation
	Ideal

	Transmission Scheme
	Rel.8 Codebook based SU-MIMO

or

Dual layer Beamforming

	Overhead
	24REs per RB for RS and first 3 symbols for control zone

	Control Error
	No

	CQI Report
	5ms PUSCH based CQI report, 4ms delay

	Rank Adaptation
	Yes

	HARQ Combination
	Chase combining


Appendix B
Table 2 Mapping between 2 bit bundled A/N and 2 bit HARQ-ACK information

	Number of ACK among multiple (
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) ACK/NACK responses
	HARQ-ACK information

	UE detects at least one DL assignment is missed or receives no PDSCH
	D,D

	0 
	N, N

	1
	A, N

	2
	N, A

	3
	A, A

	4
	A, N

	5
	N, A

	6
	A, A

	7
	A, N

	8
	N, A

	9
	A, A


Appendix C
Table 3 Definition of A/N mapped states per CC for M=3

	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

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

	‘A, N/D, any’
	A, N

	‘A, A, any’
	N, A

	‘A, A, A’
	A, A

	‘N, any, any’
	N, N


Table 4 Definition of A/N mapped states per CC for M=4

	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

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

	‘A, D, D, D’
	A, N

	‘A, A, N/D, any’
	N, A

	‘A, A, A, N/D’
	A, A

	‘A, A, A, A’
	A, N

	‘N, any, any, any’
or ‘A, D/N, any, any except for A, D, D, D’
	N, N


Appendix D
Table 5 Definition of A/N mapped states per CC for M=4
	For multiple (
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	‘A, A, A, A, A, A, A, A, A’ 
Or, ‘A, A, A, A, A, A, D, D, D’ 
Or, ‘A, A, A, D, D, D, D, D, D’ 
	A, A 

	‘A, A, A, A, A, A, A, A, N/D’ 
Or, ‘A, A, A, A, A, D, D, D, D’ 
Or, ‘A, A, D, D, D, D, D, D, D’ 
	N, A 

	‘A, A, A, A, A, A, A, N/D, any’ 
Or, ‘A, A, A, A, D, D, D, D, D’ 
Or, ‘A, D, D, D, D, D, D, D, D’ 
	A, N 

	‘N, any, any, any, any, any, any, any, any’ 
or ‘A, D/N, any, any, any, any, any, any, any’ except for ‘A, D, D, D, D, D, D, D, D’ 
or ‘A, A, D/N, any, any, any, any, any, any’ except for ‘A, A, D, D, D, D, D, D, D’ 
or ‘A, A, A, D/N, any, any, any, any, any’ except for ‘A, A, A, D, D, D, D, D, D’ 
or ‘A, A, A, A, D/N, any, any, any, any’ except for ‘A, A, A, A, D, D, D, D, D’ 
or ‘A, A, A, A, A, D/N, any, any, any’ except for ‘A, A, A, A, A, D, D, D, D’ 
or ‘A, A, A, A, A, A, D/N, any, any’ except for ‘A, A, A, A, A, A, D, D, D’ 
	N, N 

	‘D, any, any, any, any, any, any, any, any’ 
	D, D 
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