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1. Introduction

At RAN1 #68bis, substantial progresses toward the support of interband TDD CA with different UL-DL configurations in different bands were made [1]. For PUSCH operations, these following agreements were reached:

For the self-scheduling case, 

The PUSCH HARQ/scheduling timing on SCell shall

· For both the full- and half-duplex cases, follow the SCell SIB1 configuration.

For the cross-carrier scheduling case, 

For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:

· Case A: where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· Case B: where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· Other cases FFS

· Case C: UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
· Case D: PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms

The PUSCH HARQ/scheduling timing on SCell shall
· Case A: follow the scheduling cell SIB1 configuration 

· Case B: continue discussion of two alternatives, take into account UE procedure considerations if PHICH is not available
· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable

· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes

· Other cases are FFS

In this contribution, we provide analysis and further solutions for the open cases.

2. PUSCH cross-carrier scheduling operations

If PUSCH cross-carrier scheduling is supported, two types of PHICH resource handling need to be considered. In the first case, PUSCH HARQ-ACK is to be indicated in a scheduling cell subframe carrying PHICH resources. The eNB scheduler can avoid PHICH collision by allocating different first PUSCH PRB and/or assigning different DMRS indices. 

In the second case, PUSCH HARQ-ACK is to be indicated in a scheduling cell subframe not carrying any PHICH resource. This is a more difficult problem since PHICH cannot be simply enabled because inclusion/exclusion of PHICH resources affects the PDCCH interleaving and mapping procedures. The following solutions have been proposed:

· Solution 1 — Cross-carrier scheduling should be supported only when the required PHICH resources are carried by the scheduling cell already.

· Solution 2 — Use PDCCH to schedule PUSCH retransmission. This goes against the principle of introducing PHICH in Rel-8 and further study and evaluation is needed to understand the impact to system performance. PDCCH capacity can quickly become constrained or even exhausted if the majority of the UEs in the system are configured with such cross-carrier scheduling between cells with different UL-DL configurations.

· Solution 3 — Introduce modified PHICH transmission. For instance, the PHICH signal could puncture into the REGs for PDCCH. The eNB scheduler should adjust the aggregation levels of affected PDCCHs. Alternatively, the PHICH signal could reside within the resources of an unused aggregation level 1 PDCCH. This would reduce the available PDCCH resources slightly but would not affect PDCCH performance. Furthermore, the PUSCH HARQ-ACK bits for multiple UEs could be multiplexed and encoded and modulated as a normal PDCCH, which should then be scrambled by a new RNTI. However, such solutions introduce substantial core specification and implementation complexity.

Other proposals such as operating PUSCH without HARQ feedback or introducing new PHICH timing are not recommendable because substantial performance losses or implementation complexity increases. Based on complexity/benefit tradeoff consideration, Solution 1 for the PHICH resource problem is preferred.

Proposal 1 PUSCH cross-carrier scheduling is supported only when the required PHICH resources are carried by the scheduling cell already.
Based on exhaustive analysis all cases provided in the following, Proposal 1 can be implemented more specifically as the following:

Proposal 2 In case of cross carrier scheduling, the PUSCH HARQ/scheduling timing on the scheduled SCell shall follow the scheduling cell SIB1 configuration if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms.
Proposal 3 PUSCH cross-carrier scheduling is not supported when the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms.

2.1. Case A: UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
The PUSCH operations in this case were agreed at RAN1 #68 that the PUSCH HARQ/scheduling timing on the scheduled SCell shall follow the scheduling cell SIB1 configuration. It can be observed in Figure 1 that PHICH resource availability is guaranteed on scheduling cell.

[image: image1]
Figure 1 Cross-carrier PUSCH grant (in solid lines) and PHICH (in dashed lines) timings for interband TDD aggregation of configurations #1 and #2 cells. The PUSCH grant and PHICH timings of the scheduling cell with configuration #1 is applied to the scheduled Scell with configuration #2.

2.2. Case B: UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
The operation is illustrated for aggregation example of a configuration #1 cell and a configuration #2 cell in Figure 2.  To ensure PHICH resource availability, the PUSCH grant and PHICH timings of the scheduling cell is applied to the scheduled Scell. Since the UL subframes of the scheduling cell are not a superset of the UL subframes of the scheduled Scell, some UL subframes in the Scell can be cross-carrier scheduled and some are not cross-carrier schedulable. Even this limitation, the UE on the configuration #2 Pcell still receives 100% increase in UL subframes with CA. 

Note that the UL subframes that cannot be cross-carrier scheduled from the Configuration #2 cell for this UE can still be scheduled for other UEs (1) configured with self-scheduling, (2) configured with cross-carrier scheduling from the Configuration #1 cell, or (3) not configured with interband CA. There is hence no loss in system throughput.
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Figure 2 Cross-carrier PUSCH grant (in solid lines) and PHICH (in dashed lines) timings for interband TDD aggregation of configurations #1 and #2 cells. The PUSCH grant and PHICH timings of the scheduling cell with configuration #2 is applied to the scheduled Scell with configuration #1.

2.3. Case C: UL subframes indicated by the scheduled cell SIB1 configuration are neither a subset or a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
The operation is illustrated for aggregation example of a configuration #1 cell and a configuration #3 cell in Figure 3.  To ensure PHICH resource availability, the PUSCH grant and PHICH timings of the scheduling cell is applied to the scheduled Scell. Since the UL subframes of the scheduling cell are not a superset of the UL subframes of the scheduled Scell, some UL subframes in the Scell can be cross-carrier scheduled and some are not cross-carrier schedulable. Even this limitation, the UE camped on the configuration #1 Pcell still receives 50% increase in UL subframes with CA and the UE camped on the configuration #3 Pcell still receives 67% increase in UL subframes with CA. 

Note that there is no loss in system throughput because of this cross-carrier scheduling limitation since these resources can still be assigned to other UEs with different configurations.
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(a) Configuration #1 cell is scheduling cell
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(b) Configuration #3 cell is scheduling cell
Figure 3 Cross-carrier PUSCH grant (in solid lines) and PHICH (in dashed lines) timings for interband TDD aggregation of configurations #1 and #3 cells. The PUSCH grant and PHICH timings of the scheduling cell is applied to the other Scell.

2.4. Case D: the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
There are 7 UL HARQ processes in configuration #0 but only 6 UL subframes in a frame. There are 6 UL HARQ processes in configuration 6 but only 5 UL subframes in a frame. Consequently, the subframes belonging to the same HARQ process shift positions within the frames over time on the scheduling cell as illustrated in Figure 4. The entire shifting pattern cycles take 70 and 60 ms for configuration #0 and #6, respectively.
Since it is not possible to guarantee UL subframe available on SCell for HARQ retransmission, this type of configuration cannot be supported in Rel-11.


[image: image5]
Figure 4 PUSCH HARQ patterns [2].
3. Conclusion

Based on benefits/complexity analysis on PHICH resource availability, we identify the following design principle for the support of PUSCH cross-carrier scheduling in the context of interband TDD CA with different UL-DL configurations:

Proposal 1 PUSCH cross-carrier scheduling is supported only when the required PHICH resources are carried by the scheduling cell already.
Based on exhaustive analysis all cases provided in the following, proposal 2 can be implemented more specifically as the following:

Proposal 2 In case of cross carrier scheduling, the PUSCH HARQ/scheduling timing on the scheduled SCell shall follow the scheduling cell SIB1 configuration if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms.
Proposal 3 PUSCH cross-carrier scheduling is not supported when the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms.

Table 1 SCell PUSCH HARQ/scheduling timing reference in case cross-carrier scheduling
	
	(1) Support or Not?
	(2) Reference timing

	UL-Case A
	Yes
	Scheduling cell

	UL-Case B
	Yes
	Scheduling cell

	UL-Case C
	Yes
	Scheduling cell

	UL-Case D
	No
	-
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