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1 Introduction
In RAN1#68 meeting, some progresses in different bands with different TDD UL-DL configurations are achieved, however some aspects are still FFS as following listed:
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· FFS support of other type of cross-carrier scheduling in Rel-11

· The PDSCH HARQ timing on SCell shall

· 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
· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· Working assumption is that for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  To be confirmed by next meeting.
· 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

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

· At least for the case 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

· Other cases are FFS
In this contribution, we share our views on HARQ/scheduling timing of self-scheduling and cross-carrier scheduling.
2 Discussion
2.1 For the same switch periodicity
2.1.1 For self-scheduling
In the last meeting, it needs further study 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. Not a subset means two cases. The first one is the set of DL subframes of Scell is a superset of PCell. The second case is hybrid switch periodicity combination which is discussed in section 2.2. For the same switch periodicity, in order to fully use time-frequency resources, the scheduling of the conflicted subframe should not be restricted. So PDSCH HARQ follows its own timing is natural choice. It helps to reach higher peak rate in CA scenario. We suggest in this case, PDSCH HARQ timing follows its own timing.
Proposal1: when the set of DL subframes of Scell is a superset of PCell, for self-scheduling PDSCH HARQ timing of SCell follows its own timing.
2.1.2 For cross-scheduling -10ms RTT
2.1.2.1 The set of DL subframes of Scell is a superset of PCell
As Fig.1 shown, the set of DL subframes of Scell is a superset of PCell. In this condition, for non-conflicted subframe, PDSCH/PUSCH HARQ/scheduling timing of SCell can follow PCell’s.

[image: image1.emf]SCell Conf. 2

PCell Conf. 1

D

S1

U U D D

S1

U U D

D

S1

U D D D

S1

U D D

0 1 2 3 4 5 6 7 8 9


Fig.1 The set of DL subframes of Scell is a superset of PCell
For conflicted subframe 3 and 8 (only for full duplex mode wi/wo UL CA scenario, in other case, conflicted subframes are muted), there are there options. 
• Option 1：Disable scheduling
This method has the least design complexity, the solution based on eNB scheduling can be used. However, resources utility is inefficient.
• Option 2：Cross-subframe/multi-TTI scheduling
Cross-subframe scheduling

For cross-subframe scheduling, the corresponding scheduling relation should be defined, i.e., one subframes of PCell should schedule the subframe of the same TTI and the conflicted subframe 3(or 8) of SCell simultaneously. Thus, the distinction of cross-carrier and cross-subframe DCIs can be explicitly required. The additional signaling can be needed. For cross-carrier scheduling the search space of SCell is concatenated, the cross-subframe DCI search space design need consider. Cross-subframe scheduling also brings the scheduling delay problem because PDSCH and PDCCH will not occur in the same subframe.  

Multi-TTI scheduling

For this method, multiple subframes are scheduled by a single PDCCH, therefore the additional signaling can be necessary to indicate the scheduled TTI set. Moreover, a possible condition is that one subframe is an initial transmission and another one may be retransmission in a multi-TTI scheduling set. This condition can require the additional standardization design. Moreover, the link adaptation can be limited for multiple TTI scheduling using the same time-frequency resources and modulation and coding scheme. If the different redundant versions are transmitted in the multiple TTI set, the potential resource usage efficiency will be reduced.
Observation1：Cross-subframe or multi-TTI scheduling needs more specification effort. The additional signaling might be required.
• Option 3：Fall-back to self-scheduling 
This method is to disable cross-scheduling for conflicted subframe, i.e., for subframe 3 and 8, self-scheduling is used. This method has the advantage of simplicity and less standardization efforts are needed. In HetNet scenario, the ICIC can be provided by frequency scheduling, for example, e-PDCCH.
Proposal2: for non-conflicted subframe, PDSCH/PUSCH HARQ timing of SCell can follow PCell’s.

Proposal3: for conflicted subframe, Option 3 is preferred.
2.1.2.2 The set of DL subframes of Scell is a subset of PCell
As Fig.2 shown, the set of DL subframes of Scell is a subset of PCell. In this condition, for non conflicted subframe, PDSCH/PUSCH HARQ/scheduling timing of SCell can follow PCell’s.


[image: image2.emf]D

S1

U U D D

S1

U U D

D

S1

U D D D

S1

U D D

SCell conf. 1

PCell conf. 2

0 1 2 3 4 5 6 7 8 9


Fig. 2 the set of DL subframes of Scell is a subset of PCell
For conflicted subframe 3 and 8（only for full duplex mode with UL CA）, there are there options.
• Option 1：Disable scheduling
The characteristic of this method is the same to the above.
• Option 2：Cross-scheduling with the timing of SCell
Scheduling and HARQ timing of SCell conflicted subframe can follow its own timing. UL grant and PHICH is transmitted on the same TTI subframe in PCell. For example, subframe 8 of SCell can be cross-scheduled by subframe 4 on Pcell. In the method e-PHICH is needed for HARQ transmission if non-adaptive uplink retransmission is still used. The additional design is required for e-PHICH.
• Option 3：Fall-back to self-scheduling by e-PDCCH
For conflicted subframe, self-scheduling is used based on e-PDCCH, for example, subframe 4 carries UL grant and PHICH of subframe 8. The ICIC in HetNet scenario can be provided by frequency scheduling, for example e-PDCCH. This method can use all UL resources. 
Proposal4: Option 3 is preferred if e-PHICH is not introduced, otherwise, Option 2 is suggested.

2.1.3 For cross-scheduling –non 10ms RTT
In the case of combination of 10ms RTT and non 10ms RTT, the UL grant and PHICH seem more complex. For non 10ms RTT, when configuration 0 and 6 is used as PCell, timing change is needed if resource is used fully.
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Fig.3 PCell with Conf.1 and SCell with Conf.6
Fig. 3 shows the case of PCell with 10ms RTT configuration and SCell with non 10ms RTT configuration. If HARQ of SCell follows PCell’s timing, there is not the corresponding timing for the conflicted subframe (subframe 4). Thus the new design is required in cross-scheduling scenario. Scheduling / HARQ timing of other subframes can follow PCell’s. If SCell follows its own timing, the UL grant and HARQ have to be transmitted on the same TTI subframe of PCell,  which requires additional e-PHICH.

In the same way, Fig.4 depicts PCell with configuration 6 and SCell with configuration 1. For this case, if uplink scheduling/HARQ timing of SCell follows PCell’s, the conflicted subframes can’t be scheduled, which will damage the original uplink processes of SCell. Therefore the new HARQ timing is required when PCell is not 10ms RTT. 
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Fig.4 PCell with Conf.6 and SCell with Conf.1

Observation 2: if resources are used fully, the additional uplink scheduling/HARQ timing is needed for non 10ms RTT.
2.2 For the different switch periodicity
For the different switch periodicity, the condition becomes more complex. Taken Fig.5 as example, PCell uses UL-DL configuration 4 and SCell uses UL-DL configuration 2, subframe 8 of SCell is a conflicted subframe, in cross-scheduling case, UL grant can’t be transmitted. Other scheduling method (multi-TTI or cross-subframe) could be needed, this brings more standardization request. In the first stage, the same switch periodicity case should have the higher priority. Particularly some handling principle about the conflicted subframe should come to consistency. Then we can further study on hybrid combination of UL-DL configuration.   
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Fig. 5 PCell with UL-DL Conf.4 and SCell with Conf.2
Proposal5: The different switch periodicity should have the second priority.
3 Conclusions
In this document, we discussed scheduling/HARQ timing of different TDD UL-DL configurations on different bands used in Rel-11. We suggest:
Proposal1: when the set of DL subframes of Scell is a superset of PCell, for self-scheduling PDSCH HARQ timing of SCell follows its own timing.
Observation1：Cross-subframe or multi-TTI scheduling needs more specification effort. The additional signaling might be required.
Proposal2: for non-conflicted subframe, PDSCH/PUSCH HARQ timing of SCell can follow PCell’s.

Proposal3: for conflicted subframe, Option 3 is preferred.
Proposal4: Option 3 is preferred if e-PHICH is not introduced, otherwise, Option 2 is suggested.
Observation 2: if resources are used fully, the additional uplink scheduling/HARQ timing is needed for non 10ms RTT.
Proposal5: The different switch periodicity should have the second priority.
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