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1 Introduction

Contrary to LTE Rel-10 where the same TDD UL-DL configurations among the configured CA cells were considered, various aspects including DL/UL data scheduling, UL A/N and PHICH transmission together with cross-carrier scheduling or self-scheduling should be addressed when different TDD UL-DL configurations among the CA cells are to be introduced in LTE Rel-11. This contribution discusses issues on transmission of UL/DL HARQ-ACK in response to PDSCH and PUSCH, respectively, in case different TDD UL-DL configurations with cross-carrier scheduling or self-scheduling are applied in CA. A companion contribution addresses DL/UL data scheduling issues in cases of the different TDD UL-DL configurations among the CA cells [1]. 
2 UL HARQ-ACK for different TDD configurations with CA
In LTE Rel-10, UL HARQ-ACKs are transmitted only on Pcell whether PDSCH was scheduled in Pcell or Scells. Also, since the same TDD UL-DL configuration is applied in CA, UL HARQ-ACKs transmission on Pcell incurs no problem even under cross-carrier scheduling. But, if different TDD UL-DL configurations are introduced in LTE Rel-11, it is not certain whether transmission timing of UL HARQ-ACK in LTE Rel-10 can be maintained without any change. First, UL HARQ-ACK transmission is discussed in the following, considering the cases of both cross-carrier scheduling and self-scheduling when different TDD UL-DL configurations are applied between the cells.
Cross-carrier scheduling 
In case of different TDD UL-DL configurations with cross-carrier scheduling, a simple method to transmit UL HARQ-ACKs with ensuring the reuse of Rel-10 timing design is that UL HARQ-ACKs for the cells with PDSCH transmissions are transmitted on the respective cells. In other words, multiple PUCCH transmissions from Pcell and Scells, respectively, are allowed in this case. 
[image: image1.emf] 

1 2 3 4 5 6 7 8 9 0

S U D U U D D D

Subframe n: 1 2 3 4 5 6 7 8 9 0

S U D U U D D D D D

Pcell:

TDD conf.#3

D D

1 2 3 4 5 6 7 8 9 0

S U D U D D D

Subframe n: 1 2 3 4 5 6 7 8 9 0

S U D U D D D D D

Scell:

TDD conf.#4

D D D

PDSCH

PDCCH

ACK/NACK

‘+7’

ACK/NACK

‘+6’

D

PDCCH

PDSCH


Figure 1: An example for UL HARQ-ACKs transmission in case of cross-carrier scheduling for a UE.
Figure 1 shows an example for multiple UL HARQ ACK transmissions on each cell in case of cross-carrier scheduling for a UE. In Figure 1, Pcell has TDD UL-DL configuration #3 and Scell has TDD UL-DL configuration #4. Also, the red arrow line indicates the linkage from cell sending PDCCH to the cell scheduled for corresponding PDSCH transmission and the green arrow line indicates the linkage from PDSCH to corresponding UL HARQ-ACK. In Figure 1, UL HARQ-ACK to the PDSCH scheduled in DL subframe #6 in Pcell is transmitted in UL subframe #2 in Pcell while HARQ-ACK to PDSCH on DL subframe #6 in Scell cross-scheduled by PDCCH in the same subframe in Pcell is transmitted in UL subframe #3 in Scell. In this example, HARQ-ACK is transmitted according to HARQ-ACK timing for each TDD UL-DL configuration defined in LTE Rel-10 TDD on cell where PDSCH is scheduled.
Alternative approach to transmit HARQ-ACK, which is based on the design of Rel-10 CA, is that HARQ-ACKs for PDSCH scheduled in all cells are transmitted on Pcell.
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Figure 2: An example for UL HARQ-ACKs transmission in case of cross-carrier scheduling for a UE.
Figure 2 shows an example for HARQ-ACK transmissions on Pcell in case of cross-carrier scheduling for a UE. In Figure 2, Pcell has TDD UL-DL configuration #3 and Scell has TDD UL-DL configuration #4. The red arrow line indicates the linkage from PDCCH on the Pcell to the corresponding PDSCH on the Scell, and the green arrow line indicates the linkage from PDSCH to corresponding UL HARQ-ACK. In Figure 2, HARQ-ACK to PDSCH scheduled in DL subframe #6 in Pcell is transmitted in UL subframe #2 in Pcell while HARQ-ACK to PDSCH in DL subframe #7 in Scell cross-scheduled by PDCCH in the same subframe in Pcell can be transmitted in UL subframe #2 or UL subframe #3 in Pcell. According to HARQ-ACK timing by TDD UL-DL configuration of Pcell, HARQ-ACK to PDSCH cross-carrier scheduled in Scell is transmitted in UL subframe #2 of Pcell. So, multiple UL HARQ-ACKs corresponding to Pcell and Scell should be multiplexed in a subframe. 
On the other hand, it may not be possible that UL HARQ-ACK to PDSCH which is cross-carrier scheduled in Scell follows UL HARQ-ACK timing by TDD UL-DL configuration of the Scell because there may not exist the corresponding UL subframe on Pcell in case that UL HARQ-ACK timing by TDD UL-DL configuration in Scell is applied. Also, in case that PDSCH in Scell is scheduled by PDCCH on a previous DL subframe of Pcell due to mismatch in the locations of DL and UL subframe between Pcell and Scell, additional timing design is needed on top of Pcell HARQ-ACK timing.
Self-scheduling 
Self-scheduling means that PDSCH on each cell is scheduled by PDCCH on the same cell. As for the case of cross-carrier scheduling, two approaches are presented for self-scheduling. Figure 3 shows an example for UL HARQ-ACK transmission on each cell while Figure 4 shows an example for UL HARQ-ACK transmission on Pcell.
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Figure 3: An example for UL HARQ-ACKs transmission in case of self-scheduling for a UE.
In Figure 3, each sell schedules its own PDSCH and then UL HARQ-ACK to PDSCH is transmitted on each cell according to UL HARQ-ACK timing defined for the corresponding TDD UL-DL configuration in each cell.
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Figure 4: An example for UL HARQ-ACKs transmission in case of self-scheduling for a UE.
In Figure 4, HARQ-ACK for PDSCH on Scell is transmitted on Pcell and then multiple HARQ-ACK corresponding to Pcell and Scell should be multiplexed in UL subframe #2.
As shown in Figure 3 and 4, there is almost no difference between cross-carrier scheduling and self-scheduling in terms of PDSCH transmission and the corresponding UL HARQ-ACK transmission. Therefore, the same approach can be applied for UL HARQ-ACK transmission regardless of cross-carrier scheduling or self-scheduling. Based on the discussions above, the benefits and drawbacks of each approach are summarized below.
Summary

	
	Pcell based UL HARQ-ACK transmission
	Per-cell UL HARQ-ACK transmission

	Benefit
	· In line with Rel-10 PUCCH design principle, i.e., no UL HARQ-ACK transmission from Scells
	· Reuse of Rel-10 timing in each cell in CA

	Drawback
	· Additional timing design for PDSCH-to-UL HARQ-ACK is necessary on top of that of Rel-10 due to occurrences of mismatch in the locations of DL and UL subframes between Pcell and Scells
	· Different design for UL HARQ-ACK transmission in CA from Rel-10, due to separate transmission from Pcell and Scells
· Not supported for UL CA incapable UEs


3 PHICH for different TDD configurations with CA 
In LTE Rel-10 CA, PHICH in response to reception of a PUSCH is transmitted on the cell with the corresponding PDCCH transmission. If different TDD UL-DL configurations among the configured cells are to be introduced in LTE Rel-11 TDD, it should be considered whether the same principle for PHICH as that of Rel-10 can be applied for LTE Rel-11 TDD. PHICH is transmitted as a response to indicate HARQ-ACK status after PUSCH transmission is scheduled via PDCCH. In the following, PHICH transmission aspects in response to PUSCH are mainly discussed for the cases of cross-carrier scheduling and self-scheduling, respectively, when different TDD UL-DL configurations are applied between the configured cells. It is noted that PUSCH scheduling aspects are discussed in the companion paper [1].
Cross-carrier scheduling 
In some TDD UL-DL configurations, there exist DL subframes and special subframes which are not allowed to transmit UL grant and PHICH. Figure 5 shows subframes in which PHICH and PDCCH can or cannot be transmitted for the TDD UL-DL configurations in LTE Rel-10. In Figure 5, the subframes filled with blue and yellow are related to PDCCH/PHICH and PUSCH transmissions, while the subframes in white are not related to PDCCH/PHICH and PUSCH transmissions. The white subframes occur in DL heavy TDD UL-DL configurations because UL grant and PHICH transmissions are needed on a part, not all, of DL subframes in accordance to the small number of UL subframes. PHICH transmission timing only for colored subframes is considered in case of cross-carrier scheduling because PHICH transmissions in white subframes make an impact on PDCCH decoding of legacy UEs. The details are discussed in Figure 6, below.
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Figure 5: Subframes where PHICH/PDCCH or PUSCH are transmitted for TDD UL-DL configurations.
Figure 6 shows an example for PHICH transmissions on Pcell in case of cross-carrier scheduling. In Figure 6, Pcell has TDD UL-DL configuration #4 and Scell has TDD UL-DL configuration #1. Also, the red arrow line indicates the linkage from PDCCH on Pcell to the corresponding PUSCH on the Scell, and the green arrow line indicates the linkage from PUSCH to corresponding PDCCH/PHICH.
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Figure 6: An example for PHICH transmission in case of cross-carrier scheduling for a UE.
In Figure 6, PUSCH transmitted on Scell is cross-carrier scheduled by Pcell. It is natural that PHICH/PDCCH for UL HARQ-ACK feedback is also transmitted on Pcell because initial PDCCH for scheduling PUSCH transmission is transmitted on Pcell. When PHICH/PDCCH for Scell are transmitted on Pcell, PHICH/PDCCH timing design for LTE Rel-11 can become more complicated comparing to UL HARQ-ACK transmissions in DL HARQ processes due to the synchronous HARQ in uplink. Thus, a possible way for PHICH/PDCCH timing on Pcell is presented along with the related issues. One approach is that PHICH for PUSCH scheduled in Scell follows ‘n+4’ timing based rule with slight modification. That is, PHICH/PDCCH is transmitted on the earliest colored DL subframe satisfying ‘n+4’ rule. In Figure 6, PHICH/PDCCH for PUSCH on UL subframe #3 is transmitted on DL subframe #8 (C) according to this approach. If PHICH/PDCCH is transmitted on the white DL subframes #7 according to pure ‘n+4’ rule, the legacy UEs become unable to decode PDCCH from the remaining resources because PHICH resources are not defined in subframe #7 in Rel-10 and addition of the PHICH resources will destroy the PDCCH resource mapping in the way not understandable to legacy UEs. Therefore, if ‘n+4’ rule is introduced for PHICH/PDCCH timing in LTE Rel-11, a modification to ‘n+4’ rule is needed to not make an impact on legacy UEs. 

In LTE Rel-10, as the other issue for PHICH timing design, the subframe where PHICH/PDCCH is transmitted was aligned with the subframe where initial PDCCH is transmitted due to of the synchronous UL HARQ. In Figure 6, depending on whether initial PDCCH for PUSCH on UL subframe #3 of Scell is transmitted in DL subframe #8 (A) or DL subframe #9 (B) of Pcell, a subframe for PHICH/PDCCH as a response to PUSCH on Scell can be determined for LTE Rel-11 TDD CA. 
Self-scheduling 
Figure 7 shows an example for PHICH transmissions on each cell in case of self-scheduling. In Figure 7, Pcell has TDD UL-DL configuration #3 and Scell has TDD UL-DL configuration #4. Also, the red arrow line indicates the linkage from PDCCH to corresponding PUSCH and the green arrow line indicates the linkage from PUSCH to corresponding PDCCH/PHICH. In self-scheduling case as shown in Figure 7, there is no issue regarding PHICH transmission because PHICH is transmitted on each cell where PUSCH is scheduled according to PHICH timing by TDD UL-DL configuration configured in each cell.
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Figure 7: An example for DL PHICH transmission in case of self-scheduling for a UE.
Therefore, same PHICH transmission principle as in LTE Rel-10 can be adopted in case of self-scheduling. Based on the discussions in case of cross-carrier scheduling and self-scheduling, the issues for each approach are summarized below.
Summary

	
	Issues

	‘n+4’ rule based PHICH/PDCCH transmission
	· Modification for not affecting Legacy UEs

· Alignment between the subframe for PHICH/PDCCH and the subframe for initial PDCCH

	Per-cell based PHICH/PDCCH transmission
	· No issue identified yet


4 Conclusions
This contribution discussed DL/UL HARQ-ACK transmission aspects for different TDD UL-DL configurations in CA. For the cases of cross-carrier scheduling and self-scheduling, respectively, possible approaches and related issues for DL/UL HARQ-ACK transmission were presented. Based on the discussion in this contribution, DL/UL HARQ-ACK transmission methods to support different TDD UL-DL configurations for inter-band CA should be further investigated under the principle that Rel-10 design rules for DL/UL HARQ-ACK transmission should be reused as much as possible.
· UL HARQ-ACK is transmitted on Pcell. 

· DL HARQ-ACK is transmitted on scheduling cell.
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