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1 Introduction
In last RAN1#68 meeting, several agreements on TDD inter-band CA with different UL-DL configurations were made as following:
· For PUCCH transmission,  PUCCH on PCell-only.

· No new HARQ-ACK timing. 
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

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

· 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

· 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

In this contribution, we discuss the remaining issues for TDD inter-band carrier aggregation with different TDD UL-DL configurations on different bands.
2 Discussion

Given the agreement that HARQ/scheduling timing on PCell shall follow the PCell SIB1 configuration, it is natural that the transmission direction of overlapped subframes shall also follow the PCell SIB1 configuration for half duplex UEs. Otherwise, complicated scheduling restriction shall be applied to PDSCH and PUSCH transmission on PCell. Hence, we have the following proposal:
Proposal 1: The transmission direction of overlapped subframes shall follow the PCell SIB1 configuration for half duplex UEs in case of TDD inter-band carrier aggregation with different TDD UL-DL configurations on different bands.
2.1 PDSCH HARQ timing on SCell
In this section, we mainly discuss two possible options for PDSCH HARQ timing on SCell 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.
         Option 1：The PDSCH HARQ timing on SCell shall follow a reference configuration
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Figure 1: Option 1 for PDSCH HARQ timing
In order to guarantee there is ACK/NAK response to PDSCH transmitted in all possible DL subframes on SCell, the PDSCH HARQ reference configuration of SCell shall assume all overlapped subframes are DL subframes. For the example in Figure 1, the DL HARQ on SCell follows TDD UL-DL configuration 2. The SCell PDSCH HARQ reference configuration for all combinations of PCell/SCell SIB1 TDD UL-DL configurations can be determined by a look-up table as shown in Table 1. 
Table 1: PDSCH HARQ reference configuration on SCell

[image: image2.emf]Red: the reference configuration is the same as SCellSIB1 configuration

Black: the reference configuration is the same as PCellSIB1 configuration

Blue: the reference configuration is neither PCellor SCellSIB1 configuration

PDSCH HARQ 

Reference 

Configuration

PCell SIB1 Configuration

0 1 2 3 4 5 6

SCell SIB1 Configuration

0 0 1 2 3 4 5 6

1 1 1 2 4 4 5 1

2 2 2 2 5 5 5 2

3 3 4 5 3 4 5 3

4 4 4 5 4 4 5 4

5 5 5 5 5 5 5 5

6 6 1 2 3 4 5 6


For full duplex UEs, the main benefit of Option 1 is that all DL subframes can be used for PDSCH transmission, which maximizes the UE DL peak data rate. One issue with Option 1 for both full duplex and half duplex UEs is that it is difficult to support PUCCH format 1b with channel selection without significant specification changes, since Option 1 leads to different ACK/NAK feedback window sizes on PCell and SCell.
         Option 2：The PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration
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 Figure 2: Option 2 for PDSCH HARQ timing
For full duplex UEs with Option 2, PDSCH transmission in some of the DL subframes on SCell may not have the corresponding HARQ-ACK feedback, as subframes #3 and #8 on SCell in Figure 2. This would probably reduce the peak DL data rate for full duplex UEs. On the other hand, it does not mean that these subframes without HARQ-ACK feedback (e.g. subframes #3 and #8 as in Figure 2) on SCell cannot be used for DL transmission to the UE. The scheduler can assign more aggressive MCS level and rely on HARQ retransmissions. 
For half duplex UEs, Option 2 is applicable for both self-scheduling and cross carrier scheduling, without additional specification changes required.

The advantages and disadvantages of the two above options are summarized in Table 2.For full duplex UEs, in order to achieve peak DL data rate, multi-TTI scheduling for PDSCH might be required in case of cross carrier scheduling for both two options, which can be seen from Figure 1 and 2 where PDSCH in subframes #3 and #8 on SCell must be scheduled from the PCell and in a subframe other than subframes #3 and #8.
Table 2: Comparison of options for PDSCH HARQ timing on SCell
	
	advantages
	disadvantages

	Option 1
	Higher DL peak data rate for full duplex UEs
	· PUCCH format 1b with channel selection is difficult to be supported
· For full duplex UEs, DL multi-TTI scheduling might be required in case of cross carrier scheduling

	Option 2
	Less specification impacts
	· Lower DL peak data rate for full duplex UEs
· For full duplex UEs, DL multi-TTI scheduling might be required in case of cross carrier scheduling


2.2 PUSCH HARQ/scheduling timing on SCell
For half duplex UEs and self scheduling, the working assumption is that the PUSCH HARQ/scheduling timing on SCell shall follow the SCell SIB1 configuration. We compare the working assumption with an option of following the PCell SIB1 configuration. It is noted that both options (i.e. either following the PCell or SCell SIB1 configuration for PUSCH on SCell) have similar disadvantages such as UL grant or PHICH for some of the UL subframes on SCell cannot be transmitted; or some retransmission subframes might be blocked if the PUSCH RTT of the followed cell SIB1 configuration is NOT 10ms. One additional disadvantage for the option of following PCell SIB1 configuration for PUSCH on SCell for half duplex UEs and self scheduling is that it causes discrepancy on PHICH/PDCCH resources on SCell. Hence, we have the following proposal:
Proposal 2: Confirm the working assumption that for PUSCH HARQ/scheduling timing on SCell, it shall follow the SCell SIB1 configuration in case of self-scheduling and for half duplex UEs.
For 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 NOT 10ms, the only issue of following the scheduling cell SIB1 configuration is that some retransmission subframes might be blocked for both full and half duplex UEs. It may be desirable to leave this case to implementation to avoid excessive specification efforts. Hence, we have the following proposal:
Proposal 3: 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 NOT 10ms.

In this section, we mainly discuss the case of cross carrier scheduling and when 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. The following two options can be considered.
        Option 1: The PUSCH HARQ/scheduling timing on the scheduled cell shall follow a reference configuration
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Figure 3: Option 1 for PUSCH HARQ timing
In order to guarantee that PUSCH can be transmitted in all possible UL subframes (including the overlapped subframe) on the scheduled cell, the PUSCH HARQ reference configuration is the TDD UL-DL configuration including at least the superset of UL subframes from the PCell and SCell SIB1 configurations. As the example in Figure 3, the UL HARQ reference configuration is TDD UL-DL configuration 1. The SCell PUSCH HARQ/scheduling reference configuration for all combinations of PCell/SCell SIB1 TDD UL-DL configuration can be determined by a look-up table as shown in Table 3. 
Table 3: PUSCH HARQ/scheduling reference configuration on the scheduled cell
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For full duplex UEs, it is possible to achieve maximum UL peak data rate since all UL subframes can be used for PUSCH transmission. However, in case the reference configuration is different from the scheduling cell SIB1 configuration, some UL subframes on the scheduled cell do not have PHICH resources. An example is shown in Figure 3. Since there is no PHICH in subframes #1, #4, #6 and #9 on the scheduling cell, for the TDD inter-band CA UE, the PUSCH in subframe #7, #8, #2 and #3 on the scheduled cell do not have corresponding PHICH.
For half duplex UEs, some retransmission subframes might be blocked if the PUSCH RTT of the reference configuration is NOT 10ms and discrepancy on PHICH resources also exists if the reference configuration is different from the scheduling cell SIB1 configuration.
       Option 2：The PUSCH HARQ/scheduling timing on the scheduled cell shall follow the scheduling cell SIB1 configuration
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 Figure 4: Option 2 for PUSCH HARQ timing
For full duplex UEs with option 2, some of the UL subframes on the scheduled cell may not have the corresponding UL grant and PHICH, which can be seen from Figure 4 where subframes #3 and #8 on the scheduling cell are DL subframes. Thus the PUSCH in subframes #3 and #8 on the scheduled cell do not have the corresponding UL grant and PHICH. It shall be noted that replying on E-PDCCH and self scheduling, all UL subframes on both PCell and SCell can be used for PUSCH transmission.

The advantages and disadvantages of two options above are summarized in Table 5 below:

Table 5: Comparison of options for PUSCH HARQ/scheduling timing 
for UL CA capable UE and cross carrier scheduling
	
	advantages
	disadvantages

	Option 1
	Higher peak UL data rate for full duplex UEs 
	Discrepancy on PHICH/PDCCH resources exists between legacy UEs and inter-band CA UEs 

	Option 2
	Less specification impacts 
	Lower peak UL data rate for full duplex UEs 


3 Conclusions
In this contribution, we provide our analysis on PDSCH HARQ timing and PUSCH HARQ/scheduling timing to support both half duplex and full duplex UEs for TDD inter-band CA with different UL-DL configurations. Considering the tradeoff between peak data rate and required specification impacts, we currently have the following proposals: 
Proposal 1: The transmission direction of overlapped subframes shall follow the PCell SIB1 configuration for half duplex UEs in case of TDD inter-band carrier aggregation with different TDD UL-DL configurations on different bands.
Proposal 2: Confirm the working assumption that for PUSCH HARQ/scheduling timing on SCell, it shall follow the SCell SIB1 configuration in case of self-scheduling and for half duplex UEs.
Proposal 3: 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 NOT 10ms.
Proposal 4: FFS for the PDSCH/PUSCH HARQ/scheduling timing for the following cases:

· PDSCH HARQ timing on SCell 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
· PUSCH HARQ/scheduling timinig in case of cross carrier scheduling and when 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
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