3GPP TSG-RAN WG1 Meeting #68bis
R1-121379
Jeju, Korea, 26th – 30th March 2012 
Agenda item:

7.2.1.5
Source:
Renesas Mobile Europe
Title:
Remaining issues on PDSCH HARQ for CC specific TDD configuration
Document for:

Discussion 

1
Introduction
In RAN1#68 meeting, working assumption has been confirmed and many agreements were reached related to PDSCH HARQ for CC specific TDD configuration:
· For PUCCH transmission, PUCCH on PCell-only
· 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 PDSCH HARQ timing on SCell shall
· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration
· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
In this paper, we analyse the remaining cases listed as FFS above, i.e. those cases where the set of DL subframes indicated by the SCell SIB1 configuration are NOT a subset of the DL subframes indicated by the PCell SIB1 configuration and give the proposals on how to handle these.
2
Discussions
In this section, we give the analysis on HARQ procedure, PDSCH HARQ-ACK timing and leftover issues for the following cases:
· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

2.1 


Cases Analysis

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

The four categories are: 
· Grey category (7 cases): The same configuration is used in for PCell and SCell as already supported in Rel-10; 
· Green category (18 cases): SCell DL subframes are a subset of PCell DL subframes , supported according to the agreement in RAN1#68; 
· Blue category (18 cases): SCell UL subframes are a subset of PCell UL subframes, FFS

· Orange category (6 cases): SCell UL/DL subframes are not a subset of PCell subframes, FFS
Thus, nearly half of the combinations are not supported as of now. In the following sections, we analyse the leftover cases and also check the possible solutions with no or minor cost.
In the figure, we only considered combinations limited to two different TDD configurations. The reason is that in RAN1#67 it was agreed to focus on this case, as it was considered to be the most useful case in practical scenarios. For cases with more than 2configurations, the PUCCH timing of each SCell can be determined by the same solution as for the 2- configurations case. 
2.2 


SCell UL is subset of PCell UL (Blue Category)

In the blue category, the UL subframes of SCell are a subset of the UL subframes of the PCell. There are two alternatives to support this case:
Alternative 1: follow PCell timing

Here, PUCCH timing of SCell will follow the PCell timing, consistent with the agreement in RAN1#68. However, some DL subframes in the SCell will not have PUCCH timing since the PCell has an UL subframe. This is shown in the following figure:
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Figure 2 SCell HARQ-ACK timing follow PCell
In the figure, subframe 3 and 8 do not have PUCCH timing since the PCell has an UL subframe and PDSCH transmission in subframes 3 and 8 do not have UL feedback and these DL subframes cannot be scheduled. This will impact the DL throughput of UEs configured with CA, but the impact on system DL throughput is limited since the eNB anyway can schedule legacy UEs in these DL subframes. From another point of view, many TDD UL/DL configurations, e.g. configurations 2, 3, 4, 5, have DL HARQ process overbooking where the actual maximum number of HARQ processes in parallel is 8 [2] although the predefined maximum number of DL HARQ processes is larger than 8, which means that not all DL subframes can be used simultaneously for one UE. Then muting some DL subframes also means decreasing the DL scheduling flexibility in the time domain.
If further optimization to allow these DL subframes to be scheduled is desired, new HARQ-ACK timing needs to be defined. Considerable specification work is expected since all 18 blue cases need new HARQ-ACK timing table for these DL subframes. The additional specification work seems unjustified considering alternative 2 to follow the SCell timing.

Alternative 2: follow SCell timing

In this alternative PDSCH HARQ-ACK timing of SCell will follow SCell itself. This is shown in the following figure:
[image: image3.emf]Subframe 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Config.1 - pcell D S U U D D S U U D D S U U D D S U U D

pucch

- -

7, 

6

4 - - -

7, 

6

4 - - -

7, 

6

4 - - -

7, 

6

4 -

Config.2 - scell D S U D D D S U D D D S U D D D S U D D

pucch

- -

8, 

7, 

4, 

6

- - - -

8, 

7, 

4, 

6

- - - -

8, 

7, 

4, 

6

- - - -

8, 

7, 

4, 

6

- -


Figure 3 SCell HARQ-ACK timing follow SCell
Taking subframe 2 as an example, one can see that the downlink association sets of PCell and SCell are different. For same-carrier scheduling, there is no problem since the PUCCH resource for SCell is explicitly configured for both PUCCH format 1b with channel selection and PUCCH format 3. For cross-carrier scheduling, e.g. SCell is cross-scheduled by PCell, there may be PUCCH resource collision for PUCCH format 1b with channel selection due to different PUCCH implicit resource mapping according to different downlink association sets. This problem can easily be solved by configuring PUCCH format 3 always. On the other hand, with minor effort, explicit PUCCH resources can also be supported for cross-carrier scheduling. Then PUCCH format 1b with channel selection could also be used. Hence, by following SCell timing minor effort is needed to support the combination when SCell UL is a subset of PCell UL.
From the above analysis, we have the following proposal:
Proposal 1: follow SCell SIB1 indicated UL/DL configuration when SCell UL subframes are a subset of PCell UL subframes.

2.3 

SCell UL/DL is not the subset/superset of PCell UL/DL (Orange Category)
In the orange category, the SCell UL and DL subframes are neither a subset nor a superset of PCell UL and DL subframes. There are totally 6 such combinations and all of them are 5ms+10ms combinations. Similar to section 2.2, there are two alternatives to support this scenario.
Alternative 1: follow PCell timing

The problem is exactly same within section 2.2, i.e. some DL subframes do not have UL feedback. This will impact DL throughput of UE and eNB scheduling flexibility, and also need considerable additional specification work for future optimization.

Alternative 2: follow a third configuration timing

Here, SCell PDSCH HARQ timing will follow a third TDD UL/DL configuration timing, which contains the common UL subframes of PCell and SCell. This is shown in the following example
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Figure 4 follow a third UL/DL configuration timing
In the example, SCell will follow TDD configuration 4’s timing for PDSCH HARQ. 
Similar to section 2.2, we will also here have a PUCCH resource collision problem for PUCCH format 1b with channel selection. As discussed in section 2.2, this problem can easily be solved by configuring PUCCH format 3 or using explicit PUCCH resource for PUCCH format 1b with channel selection.

The second problem is the longer RTT for DL HARQ processes, which may impact the packet transmission delay in case the same transmission time is configured. However, already agreed cases also have such issues which should make this agreeable.

Based on above analysis, we have the following proposal 
Proposal 2: Follow a third UL/DL configuration which contains the common UL subframes of PCell and SCell, when SCell UL/DL subframes are not a subset/superset of PCell UL/DL subframes.

3
Conclusions
In this paper, we analysis remaining issues of PDSCH HARQ for different TDD configurations, and have the following proposals:
Proposal 1: follow SCell SIB1 indicated UL/DL configurations when the SCell UL subframes area subset of PCell UL subframe.

Proposal 2: Follow a third UL/DL configuration which contains the common UL subframes of PCell and SCell, when SCell UL/DL subframes are not a subset/superset of PCell UL/DL subframes.
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