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1 Introduction
In last RAN1#67 meeting, several agreements were made as following:

· The number of supported bands

· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

The HARQ timing rules is as follows,
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: 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. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC  to another CC with a different TDD UL-DL configuration is FFS.
· Working assumption is option 2. FFS if there are cases where additional timing  is needed or is beneficial.

· PHICH is transmitted on the cell carrying the UL grant.
· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex

· For PUCCH transmission, working assumption is PUCCH on PCell-only.

· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling, if cross-carrier scheduling is supported 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
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

Generally speaking, most of the issues seen with supporting different TDD UL-DL configurations for inter-band CA occur because of subframes with different transmission directions on different aggregated carriers. Such subframes are referred to as overlapped subframes in this contribution. HARQ procedure and scheduling timing issues are the key issues that need to be solved for inter-band CA with different TDD UL-DL configurations. In this section, PDSCH HARQ timing and PUSCH HARQ/scheduling timing are separately discussed and the respective solutions can support both half duplex and full duplex UEs.
2.1 PDSCH HARQ timing
In RAN1 #67 meeting, there is a working assumption that PUCCH can only be transmitted on Pcell. For PDSCH HARQ timing, the following two options can be considered for TDD inter-band carrier aggregation with different UL-DL configurations on different bands.
         Option 1：The PDSCH HARQ timing on all serving cells 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 (including the overlapped subframes), the PDSCH HARQ reference configuration shall assume all overlapped subframes are DL subframes. As shown by the example in Figure 1, the PDSCH HARQ reference configuration is TDD UL-DL configuration 2.
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. On the other hand, multi-TTI scheduling for PDSCH is needed in case of cross carrier scheduling, which can be seen from Figure 1 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. 

For half duplex UEs, the transmission direction in overlapped subframes can be determined by always following the PCell SIB2 UL-DL configuration, or possibly in other alternative methods.
One issue with Option 1 for both full duplex and half duplex UEs is that it leads to implicit PUCCH format 1a/1b resource collision if the reference TDD UL-DL configuration is different from PCell SIB2 configuration.
         Option 2：The PDSCH HARQ timing on all serving cells follow PCell SIB2 configuration
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 Figure 2: Option 2 for PDSCH HARQ timing
Since PUCCH is transmitted on PCell only, the main benefit of Option 2 is that the Rel-10 ACK/NACK feedback scheme can be largely reused. Hence, there is no implicit PUCCH format 1a/1b resource collision on PCell. For the example in Figure 2, the DL HARQ on SCell follows TDD UL-DL configuration 1.
For half duplex UEs, Option 2 is applicable for both self-scheduling and cross carrier scheduling, without additional specification changes required. 

For full duplex UEs, 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 indicate that these subframes without HARQ-ACK feedback (e.g. subframes #3 and #8) on SCell cannot be used for DL transmission to the UE. The scheduler can assign more aggressive MCS level and rely on HARQ retransmissions. 
The advantages and disadvantages of two options above are summarized in Table 1 below:

Table 1: Comparison of options for PDSCH HARQ timing
	
	advantages
	disadvantages

	Option 1
	Higher DL peak data rate for full duplex UEs
	· PUCCH format 1a/1b resource collision if reference configuration is different from PCell SIB2 configuration 

· For cross carrier scheduling, DL multi-TTI scheduling is required if reference configuration is different from PCell SIB2 configuration

	Option 2
	Less specification changes
	For full duplex UEs, lower DL peak data rate if PCell SIB2 configuration is UL heavier than SCell SIB2 configuration


2.2 PUSCH HARQ/scheduling timing

It is noted that in Rel-10, the UL and DL CA capability are independently signaled by the UE, which means the UE may not support carrier aggregation in the uplink in order to reduce the UE cost. In Rel-11, such a design principle shall be kept. Hence we discuss the PUSCH HARQ/scheduling timing for non UL CA capable UEs and CA capable UEs respectively.
For non UL CA capable UEs, PUSCH HARQ/scheduling timing shall follow the PCell SIB2 configuration. This is a straightforward choice since non UL CA capable UEs can only have one serving cell in UL, which must be the PCell. This design holds for both full duplex and half duplex UEs.
For UL CA capable UEs and self scheduling, PUSCH HARQ/scheduling timing shall follows the SIB2 configuration of the serving cell where UL grant is sent. For full duplex UEs, maximum peak UL data rate is achievable because all UL subframes can be used. For half duplex UEs, lower peak UL data rate is achievable in some cases when a DL subframe on SCell is muted (due to the nature of half duplexing) and hence is not capable to transmit UL grant for PUSCH in an UL subframe on SCell.
For UL CA capable UEs and cross carrier scheduling, the following two options can be considered:
         Option 1：The PUSCH HARQ/scheduling timing on the cross carrier scheduled serving cell (i.e. the serving cell where PUSCH is transmitted) follows the SIB2 configuration of the cross carrier scheduling serving cell (i.e. the serving cell where UL grant is sent)
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 Figure 3: Option 1 for PUSCH HARQ timing
Figure 3 shows an example where both PUSCH HARQ/scheduling timing on both PCell and SCell follow TDD UL-DL configuration 2. 
For half duplex UEs, maximum peak UL data rate is achievable in case PCell SIB2 configuration is UL heavier than SCell, and lower peak UL data rate otherwise if the transmission direction in overlapped subframes follows the PCell SIB2 configuration (mainly as a result of half duplexing). 

For full duplex UEs, maximum peak UL data rate is achievable in case PCell SIB2 configuration is UL heavier than SCell. In case SCell SIB2 configuration is UL heavier, lower peak UL data rate is achievable for full duplex UEs, which makes full duplex UE similar to half duplex UE from achievable UL data rate perspective.
         Option 2：The PUSCH HARQ/scheduling timing on the cross carrier scheduled serving cell (i.e. the serving cell where PUSCH is transmitted) follows a reference configuration
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Figure 4: Option 2 for PUSCH HARQ timing
In order to guarantee there is UL grant or PHICH for PUSCH in all possible UL subframes (including the overlapped subframe), the PUSCH HARQ reference configuration is determined by assuming all overlapped subframes are UL subframes. As the example in Figure 4, the UL HARQ reference configuration is TDD UL-DL configuration 1. It shall be noted that new TDD UL-DL reference configurations beyond those specified in Rel-8 may occur if all overlapped subframes are assumed as UL subframes. Hence, to simplify the design and reduce unnecessary specification efforts, it may be necessary to restrict that only combinations of UL-DL configurations with the same DL/UL switch point periodicity are supported.
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 TDD UL-DL configuration is different from the SIB2 configuration of the serving cell where UL grant is transmitted, discrepancy on PHICH/PDCCH resources would exist between legacy UEs and inter-band CA UEs. An example is shown in Figure 4 where legacy UEs would assume that there is no PHICH in subframes #1, #4, #6 and #9. On the other hand, for the TDD inter-band CA UE, PHICH resources exist in subfame #1, #4, #6 and #9 corresponding to the PUSCH in subframe #7, #8, #2 and #3. 
For half duplex UEs, the transmission direction in overlapped subframes can be determined by always following the PCell SIB2 UL-DL configuration, or possibly in other alternative methods.
The advantages and disadvantages of two options above are summarized in Table 2 below:

Table 2: Comparison of options for PUSCH HARQ/scheduling timing 
for UL CA capable UE and cross carrier scheduling
	
	advantages
	disadvantages

	Option 1
	Less specification changes
	For full duplex UEs, lower peak UL data rate if SCell SIB2 configuration is UL heavier than PCell SIB2 configuration

	Option 2
	Higher peak UL data rate for full duplex UEs
	Discrepancy on PHICH/PDCCH resources exists between legacy UEs and inter-band CA 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 preferences: 
· The PDSCH HARQ timing on all serving cells shall follow the PCell SIB2 configuration.
· The PUSCH HARQ/scheduling timing on the serving cell where PUSCH is transmitted shall follow the SIB2 configuration of the serving cell where the corresponding UL grant is sent.
4 References
[1]. R1-113724, “Design of TDD Inter-band Carrier Aggregation,” CATT
[2]. R1-113634, “Cross-carrier scheduling design for TDD inter-band CA with different UL-DL configurations,” Huawei, HiSilicon
[3]. R1-113674, “On support of different TDD UL-DL configurations on different bands,” Ericsson, ST-Ericsson
[4]. R1-113685, “Discussion on TDD inter-band CA with different UL-DL configuration,” New Postcom
[5]. R1-113780, “Discussion on Different TDD UL-DL Configurations in CA,” Texas Instruments
[6]. R1-113829, “Discussion on specification impacts of different TDD UL-DL configuration,” Pantech
[7]. R1-113864, “Discussion on HARQ feedback mechanism and cross-carrier scheduling  in inter-band CA with different TDD UL-DL configurations,” MediaTek Inc.
[8]. R1-113887, “HARQ Procedure for half Duplex Mode in CC Specific TDD Configuration,” Renesas Mobile Europe Ltd
[9]. R1-113888, “HARQ Procedure for full Duplex Mode in CC Specific TDD Configuration,” Renesas Mobile Europe Ltd
[10]. R1-113951, “Discussion on HARQ feedback of TDD Inter-band Carrier Aggregation,” Intel Corporation
PAGE  

_1388500615.vsd
文本�

D


S


U


U


D


D


S


U


U


D


D


S


U


D


D


D


S


U


D


D


Pcell
Configuration 1


Scell
Configuration 2


s0


s1


s2


s3


s4


s5


s6


s7


s8


s9


D


S


U


D


S


U


s0


s1


s2


D


DL subframes without HARQ feedback


PDSCH HARQ timing



_1388500662.vsd
文本�

D


D


U


D


s3


s4


U


D


D


D


S


U


D


D


U


U


D


D


S


U


U


D


Pcell
Configuration 2


Scell
Configuration 1


s2


s3


s4


s5


s6


s7


s8


s9


D


S


U


D


S


U


s0


s1


s2


PUSCH HARQ timing


U


UL Subframes without HARQ feedback



_1389425216.vsd
文本�

D


D


U


D


s3


s4


U


D


D


D


S


U


D


D


U


U


D


D


S


U


U


D


Pcell
Configuration 2


Scell
Configuration 1


s2


s3


s4


s5


s6


s7


s8


s9


D


S


U


D


S


U


s0


s1


s2


PUSCH HARQ timing



_1388391326.vsd
文本�

D


S


U


U


D


D


S


U


U


D


D


S


U


D


D


D


S


U


D


D


Pcell
Configuration 1


Scell
Configuration 2


s0


s1


s2


s3


s4


s5


s6


s7


s8


s9


D


S


U


D


S


U


s0


s1


s2


PDSCH HARQ timing



