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1
Introduction
In RAN1#68, working assumptions were confirmed and many agreements were reached related to PUSCH HARQ/Scheduling with cross-carrier scheduling for CC specific TDD configuration:
· No new HARQ-ACK timing
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· FFS if exception is needed for the case of aggregating the 10ms RTT and other RTTs for cross-scheduling in uplink.
· FFS on the application of H-ARQ-ACK timing of one TDD UL-DL configuration to a CC with a different TDD UL-DL configuration
· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10
· The PUSCH HARQ/scheduling timing on SCell shall

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if 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

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

In this paper, we analyse the remaining cases listed as FFS above, i.e. those cases where the set of UL subframes indicated by the scheduled SIB1 configuration is NOT a subset of the DL subframes indicated by the scheduling SIB1 configuration, or the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms. We give proposals on how to handle these remaining cases.
2
Discussions
In this section, we give an analysis of the HARQ procedure, PUSCH HARQ/scheduling timing and remaining issues for the following cases:
· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

2.1 


Cases Analysis

Currently there are seven TDD UL/DL configurations [1], and the combinations of these seven configurations could be categorized to six categories. This is shown in the following figure:
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Figure 1 Six categories for seven TDD UL/DL configuration

The six categories are 
· Grey category (7 cases): The same configuration is for the scheduled cell and scheduling cell as already supported in Rel-10; 
· Blue category (7 cases): Scheduled cell UL is a subset of scheduling cell UL and scheduling cell PUSCH RTT is 10ms, supported according to the agreement in RAN1#68; 
· Light blue category (11 cases): Scheduled cell UL is a subset of scheduling cell UL and scheduling cell PUSCH RTT is NOT 10ms, FFS
· Green category (17 cases): Scheduled cell DL is a subset of scheduling cell DL and scheduling cell PUSCH RTT is 10ms, FFS
· Light green category (1 case): Scheduled cell DL is a subset of scheduling cell DL and scheduling cell PUSCH RTT is NOT 10ms, FFS
· Orange category (6 cases): Other cases with scheduling cell PUSCH RTT is 10ms, FFS
In the following sections, we give an analysis of the light blue category, green category, light green category and orange category and also check the possible solutions for these.
In the figure, we only considered two different TDD configuration combinations. The reason is that in RAN1#67, it was agreed to focus this case, as it was considered to be the most useful case in practical scenario. For cases with more than 2configurations, the PUSCH HARQ/scheduling timing of each scheduled can be determined by the same solution as for the 2configuration case. 
2.2 

Scheduled cell UL is subset of Scheduling cell UL and Scheduling cell PUSCH RTT is NOT 10ms (Light Blue Category)

In this category, scheduled cell UL is a subset of scheduling cell UL and scheduling cell PUSCH RTT is NOT 10ms. Basically this happens when the scheduling cell is TDD configuration 0 or 6. This is shown in the following figure
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Figure 2 Scheduled cell UL is subset of scheduling cell UL and scheduling cell PUSCH RTT is NOT 10ms
There have two alternatives to support this:
Alternative 1: follow scheduling cell timing

In this alternative, PUSCH RTT in scheduled cell has to follow PUSCH RTT in scheduling cell and cannot be 10ms anymore. This result in inefficient use of UL subframes e.g. longer PUSCH RTT in scheduled cell and decreased transmission time of each UL HARQ process in scheduled cell decreasing the UL throughput. Besides, inconsistent scheduling timing between new UEs and legacy UEs in the scheduled cell will severely impact the effectiveness and workings of the eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.
Alternative 2: follow scheduled cell timing

Here, some UL subframes cannot be scheduled since the UL grant/PHICH of such UL subframes are in the subframe where scheduling cell is an UL subframe, e.g. subframe 4 in the example. But are still some UL subframes in the scheduled cell that can be scheduled and have DL feedback without additional specification effort.
If UL cross-carrier scheduling is not supported for this case, there will be a problem when DL cross-carrier scheduling is supported. For example, when DL cross-carrier scheduling is supported, no UL subframe in the scheduled cell can be used since UL cross-carrier scheduling is not supported. This is inconsistent with the current specification, where cross-carrier scheduling can be configured for both DL and UL.

Based on the above analysis, we have the following proposal:
Proposal 1: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell UL is a subset of scheduling cell UL and scheduling cell PUSCH RTT is NOT 10ms.

2.3 

Scheduled cell DL is subset of Scheduling cell DL and Scheduling cell PUSCH RTT is 10ms (Green Category)
In this category, scheduled cell DL is a subset of scheduling cell DL and scheduling cell PUSCH RTT is 10ms. This is shown in the following figure    
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Figure 3 Scheduled cell DL is subset of scheduling cell DL and scheduling cell PUSCH RTT is 10ms
There have two alternatives to support this:

Alternative 1: follow scheduling cell timing

For this alternative, some UL subframes in scheduled cell cannot be used because they do not have a corresponding PUSCH HARQ/scheduling timing in scheduling cell. Besides, inconsistent scheduling timing between new UEs and legacy UEs in scheduled cell will severely impact the effectiveness and workings of the eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.
Alternative 2: follow scheduled cell timing
By this alternative, all UL subframes can be scheduled. The only issue is that PHICH resource compatible with legacy UEs in scheduling cell. For these UL subframes, relying on PHICH-less operation or reuse of CCE resource can easily solve the problem with minor effort.
Based on above analysis, we have the following proposal 
Proposal 2: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell DL is subset of scheduling cell DL and scheduling cell PUSCH RTT is 10ms.

2.3 

Scheduled cell DL is subset of Scheduling cell DL and Scheduling cell PUSCH RTT is NOT 10ms (Light Green Category)

This is a special category in which only one combination is available. The combination is TDD configuration 6 (scheduling cell) + TDD configuration 0 (scheduled cell). This is shown in the following figure
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Figure 4 Scheduled cell DL is subset of scheduling cell DL and scheduling cell PUSCH RTT is NOT 10ms
There have two alternatives to support this case:

Alternative 1: follow Scheduling cell timing

For this alternative, PUSCH RTT in scheduled cell has to follow PUSCH RTT in scheduling cell and cannot be 10ms anymore. This will result in inefficient use of UL subframes e.g. longer PUSCH RTT in scheduled cell and decreased transmission time for each UL HARQ process in scheduled cell which thus decreases the UL throughput. Besides, inconsistent scheduling timing between new UEs and legacy UEs in scheduled cell will severely impact the effectiveness and workings of eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.

Alternative 2: follow Scheduled cell timing
For this alternative, we do not see any problem. It can be directly supported without any additional scheme.
Based on above analysis, we have the following proposal 

Proposal 3: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell DL is subset of scheduling cell DL and scheduling cell PUSCH RTT is NOT 10ms.

2.3 

Other cases and Scheduling cell PUSCH RTT is 10ms (Orange Category)

In this category, scheduled cell UL/DL is not subset or superset of scheduling cell UL/DL, and scheduling cell PUSCH RTT is always 10ms. There are 6 combinations in this category, and all of them are combinations of 10ms and 5ms switching point periodicity. One example is shown in the below
[image: image5.emf]Subframe 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Config.1 D S U U D D S U U D D S U U D D S U U Dscheduling cell

Ass. PHICH P3 P4 P1 P2 P3 P4 P1 P2

Ass. 

Grant

S

7

S

8

S

2

S

3

Config.3 D S U U U D D D D D D S U U U D D D D Dscheduled cell

Ass. PHICH P3 P1P2P3 P1P2

Ass. 

Grant

S

4

S

2

S3S

4

S

2

S3


Figure 5 Other cases and scheduling cell PUSCH RTT is 10ms
There have two alternatives to support such case:

Alternative 1: follow scheduling cell timing

For this alternative, some UL subframes in scheduled cell cannot be used since they do not have a corresponding HARQ/scheduling timing in scheduling cell. The advantage of this alternative is there is no additional effort if we accept not using these UL subframes. However, if further optimization is done in the future to allow these UL subframes to be used, new timing for these need to be defined.
Alternative 2: follow scheduled cell timing
Here, also some UL subframes in scheduled cell cannot be used since in the UL grant subframe, the scheduling cell has an UL subframe. Also, PHICH compatibility issues happen for some UL subframe and PHICH-less operation or a CCE-reuse based scheme are needed.
Based on above analysis we see alternative 1 having less issues, thus we have the following proposal 

Proposal 4: follow scheduling cell SIB1 indicated UL/DL configuration when scheduled cell UL/DL is not a subset/superset of scheduling cell and scheduling cell PUSCH RTT is 10ms.

3
Conclusions
In this paper, we analysis remaining issues of PUSCH HARQ/scheduling for different TDD configurations, and have the following proposals:
Proposal 1: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell UL is a subset of scheduling cell UL and scheduling cell PUSCH RTT is NOT 10ms.

Proposal 2: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell DL is a subset of scheduling cell DL and scheduling cell PUSCH RTT is 10ms.

Proposal 3: follow scheduled cell SIB1 indicated UL/DL configuration when scheduled cell DL is a subset of scheduling cell DL and scheduling cell PUSCH RTT is NOT 10ms.

Proposal 4: follow scheduling cell SIB1 indicated UL/DL configuration when scheduled cell UL/DL is not a subset/superset of scheduling cell and scheduling cell PUSCH RTT is 10ms.
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