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Discussion and Decision
1 Introduction
During RAN1 #66bis meeting, there were extensive discussions on motivations/benefits to support of TDD CA of different UL-DL configurations in Rel-11 based on the agreed Rel-11 CA enhancements WID [1]. Four benefits were identified during the discussion to support this feature: 
· Legacy system co-existence

· HetNet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

Based on the observed benefits, it was agreed that the inter-band CA of TDD Carriers with different configurations will be supported for Rel-11 CA WI. In this paper, we provide our views on solutions supporting both half-duplex and full-duplex UEs for inter-band TDD CA with different UL-DL configurations, especially focusing on unified HARQ-timing design.   

2 Discussion 

2.1 UL/DL prioritization in conflicting subframes
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Figure 1: Illustration of UL/DL prioritization in conflicting subframes of option1.
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Figure 1: Illustration of UL/DL prioritization in conflicting subframes of option 2.

If TDD cells with different UL-DL configurations are aggregated, certain subframe(s) will have different UL-DL directions as illustrated in Figure 1. Such subframe(s) are referred to as conflicting subframe(s) in this contribution.  Possible candidates for UL/DL prioritization in conflicting subframes include [3][4]
·  Option 1: always follow the transmission direction of the PCell 
·  Option 2: always prioritize DL transmission over UL transmission

·  Option 3: based on network configuration
Based on option 1, the transmission direction of the conflicting subframe in inter-band CA with different UL-DL configuration is determined by the transmission direction of corresponding subframe in PCell.  Under such assumption, the Rel-10 HARQ ACK/NACK timing of PCell can be straightforwardly reused for the HARQ timing of both PCell and SCell in order to minimize specification changes. Additionally, the PHICH timing of respective serving cell can most likely be reused.  However, option 1 leads to inflexible use of conflicting subframes due to the fixed transmission direction dictated by PCell configuration. In addition, the following two issues are observed for certain configurations with option 1: 

Issue 1: In case of non-cross-carrier scheduling, PUSCH scheduling constraints are observed on SCell for some specific configuration combinations when the subframes of UL grant for PUSCH in SCell are muted/blocked due to the PCell being in DL transmission in such conflicting subframes. 
Issue 2: When SCell is configuration 0 or 6, the PUSCH non-adaptive retransmission triggered by PHICH as in legacy release is blocked because the corresponding UL subframe for retransmission is muted by PCell. As shown in Figure 3, the retransmission for PUSCH in subframe 3 could not be triggered by PHICH in subframe 0 (based on Rel-10 PHICH timing) due to subframe 4 is muted/blocked in SCell.  Additional DL control overhead is needed to address such PUSCH retransmission issues. 
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Figure 3: Illustration of non-adaptive retransmission problem trigger by PHICH
For option 2, issue 2 also exists for some TDD configuration combinations. Besides, option 2 is likely to results in PDSCH scheduling constraints in PCell since the subframes of HARQ-ACK in PCell are muted by the higher priority DL subframe transmission of SCell. The analysis of different DL/UL configuration combinations is provided in Table1 & 2 of Appendix, where the green symbol “√”in tables mean “No issue”, symbol “x” means issue 1 (PUSCH scheduling of SCell for option 1 or PDSCH scheduling of Pcell in option 2), while symbol “   ” means issue 2 existing.  Based on the analysis, it is shown that only a subset of the combinations are free from the above issues, which should be taken into account during the eNB scheduling.
For option 3, the directions in conflicting subframes are configured by eNB for more flexible radio resources utilization. The directions can be configured either semi-statically by higher layer or dynamically through L1 signalling by eNB scheduling. For the L1 signalling method, UE will decode DL PDCCH in conflicting subframes unless explicitly instructed by eNB to transmit in UL (e.g. PUSCH or HARQ-ACK). Comparing with semi-static method, L1 signalling scheme may potentially offer faster traffic adaption. However, such benefit may not be significant since processing delay requirement for the re-configuration of transmission direction by higher layer (e.g.MAC/RRC) is only 15ms [5]. The benefits of L1 signalling method need to be further evaluated for option 3. 
2.2 HARQ timing 
If HARQ timing needs to be changed, large amount of standardization efforts are expected especially for defining the HARQ timing for all TDD configuration combinations. It seems reasonable to avoid and minimize changes to the existing Rel-10 HARQ timing designs, unless absolutely necessary. It is also preferred to maximize commonality of HARQ timing design for ACK/NACK feedback of PCell and SCell between half-duplex and full-duplex UEs. 
2.2.1 DL HARQ timing

If PUCCH can only be transmitted on the PCell, a UE-specific reference TDD DL-UL configuration X is needed for half-duplex UE to ensure all of the DL subframes in PCell and SCell have UL subframe for HARQ-ACK feedback based on configuration X’s HARQ timing [3].  One issue with reference configuration X being different from the PCell configuration is that implicit PUCCH format 1a/1b resource collision may occur between legacy UEs and TDD inter-band CA UEs since different HARQ timings are used in PCell by legacy UEs and inter-band CA UEs. For non-cross-carrier scheduling, one possible enhanced solution to solve the above PUCCH resources collision issue is that the HARQ timing of reference configuration X is only used for SCell and PCell always keeps its own HARQ timing.  For cross-carrier scheduling, the same rules may be applied with the exception of using explicit PUCCH resource indicating for SCell only. An example is shown in Figure 4, where an inter-band CA UE aggregates 2 carriers with configuration 0 in PCell and configuration 2 in SCell. If we follow the HARQ timing of configuration X both for PCell and SCell as in the original proposal [3], there would be PUCCH resources collision in subframe 7. However, if we follow the PCell timing always in PCell as enhanced solution, there would be no issue in case of non-cross-carrier scheduling. Also, it should be noted that the peak data rate of the enhanced solution is degraded compared to the original proposal because subframe 0 and 5 in PCell are implicitly muted for inter-band CA UEs due to subframe 4 and 9 are muted in enhanced solution. In our opinion, it is a reasonable trade-off between peak data rate and standard efforts considering this design is especially for half-duplex capable UEs. 
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Figure 4: Illustration of possible solution on PUCCH resource collision issue
The HARQ timing based on UE-specific reference TDD DL-UL configuration X was mainly proposed for the half-duplex UEs. It can be simply extended to support both half-duplex and full-duplex cases by the following two options: 
Option A: In option A, a “type 1” DL subframe is a DL subframe in both PCell and SCell. A “type 2” DL subframe is a subframe that is DL either in PCell or SCell, but not in both PCell and SCell. For the “type 1” PDSCH subframes, the HARQ timing of PCell’s configuration is always used for HARQ-ACK feedback. For the “type 2” PDSCH subframe, the HARQ timing of the serving cell’s configuration is used for HARQ-ACK feedback. We exemplify the option A in Figure 5 where two carriers are configured for UE, denoted as PCell and SCell with TDD configuration 0 and configuration 2, respectively. The “type 1” DL subframes set includes subframe 0,1,5 and 6 and “type 2” DL subframes set includes DL subframe 3,4,8 and 9 shown in “blue” color. For option A, the PCell’s HARQ timing is used for all the “type 1” subframes, i.e., the HARQ timing of configuration 0 is used for HARQ-ACK of all “type 1” DL subframe feedbacks. Because the “type 2” DL subframes are resided in SCell, the HARQ timing of SCell (Configuration 2) is used for HARQ-ACK feedback of “type 2” DL subframes.
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Figure 5: Illustration of HARQ timing in option A
Option B: The reference TDD UL-DL configuration Y is defined as the TDD UL-DL configuration associated with the common/non-conflicting UL subframe set between PCell and SCell. In option B, the HARQ timing of reference configuration Y is used for SCell. As shown in Figure 6, two carriers are configured for UE, denoted as PCell and SCell with TDD configuration 1 and Configuration 3, respectively. In this example, the reference configuration Y is configuration 4 based on the common UL subframes between PCell and SCell. The list of reference configuration Y for different TDD configuration combinations is shown in Table 3 of Appendix. 
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Figure 6: Illustration of HARQ timing in option B
It is noted that implicit PUCCH resource collision exists for option A and B if cross-carrier scheduling is supported for conflicting subframes such as subframe 4 in Figure 5. The straightforward solution is to allocate the PUCCH resources for SCell explicitly and dynamically indicate the exact ACK/NACK channel via the ARI field for the case of cross-carrier scheduling as is done for the case of non-cross-carrier scheduling case in Rel-10. 
2.2.2 Uplink HARQ timing
Basically, the PUSCH HARQ timing can follow the cell-specific TDD UL-DL configuration on the corresponding cell where the UL grant is transmitted in case of non-cross carrier scheduling. For cross-carrier scheduling, the PUSCH HARQ timing may need to follow a UE-specific reference TDD UL-DL configuration Z, which may be different from the configuration on the PCell. In case of cross-carrier scheduling and reference TDD UL-DL configuration Z is different from PCell, some discrepancy on the PHICH/PDCCH resources would exist between legacy UEs and inter-band CA UEs. As shown in Figure 7, legacy UEs would assume that there is no PHICH in subframes 1, 4, 5 and 9. On the other hand, for the TDD inter-band CA UE, there would exist PHICH resources in subfame 1, 4, 5 and 9 corresponding to the PUSCH subframes in SCell. One possible solution is not to schedule PUSCH on conflicting subframe for inter-band CA UE in Rel-11; otherwise, additional mechanism is needed to solve this issue.
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Figure 7: Illustration the discrepancy issue on the PHICH/PDCCH

3
Conclusions
In this contribution, we provide our views on UL/DL prioritization in conflicting subframes and HARQ timing solutions to support both half-duplex and full-duplex UEs for inter-band TDD CA with different UL-DL configurations. It is preferred to maximize commonality of HARQ timing design for ACK/NACK feedback of PCell and SCell between half-duplex and full-duplex UEs. 
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Appendix 

A.1 Limited combinations of TDD configuration with option 1 and 2. 

Note: symbol “√”in tables mean “No issue”, symbol “x” means issue 1 (PUSCH scheduling of SCell for option 1 or PDSCH scheduling of Pcell in option 2), while symbol “   ” means issue 2 existing.
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Table 1: Summary for the different Configuration combinations with option 1
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Table 2: Summary for the different Configuration combinations with option 2
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Figure 8: illustration on issue 1 of option 1 and option 2. 
A.2 Reference configuration Y for TDD configuration combinations:
In this section, we summarize the potential reference configuration Y for TDD configuration combinations in case that option B is used. 
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Table 3: reference configuration Y for HARQ feedback of SCell 
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