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Discussion and Decision
1 Introduction
During RAN1 #68, good progress was made in the area of Carrier Aggregation for different TDD UL-DL configurations support. The following working assumptions from RAN1#67 were confirmed as agreement:

·  For PUCCH transmission, PUCCH on PCell-only.

·  No new HARQ-ACK timing table beyond those already defined in Rel-8/9/10.
·  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
·  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
· 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.
· 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
In additional to the principles agreed, the open issues left for further study include: 
· UL/DL prioritization in conflicting subframes for half-duplex UEs. 
· For cross-carrier scheduling, if cross-carrier scheduling is supported: 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)
· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)
· 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
· Configuration combination constriction needed or not for CA with different TDD UL-DL configurations? 
This contribution discusses the open issues of CA for different TDD UL-DL configurations and states our views. The issue related to HARQ-timing design of TDD inter-band CA is not within the scope of this contribution and we provide detailed solutions on it in our companion contribution [1]. 
2 Discussion 

2.1 UL/DL prioritization in conflicting subframes for half-duplex UEs

[image: image1.emf]D S U U U D S U U U

D S U D S U D D D D

Pcell

(Scheduling Cell )

Scell

(Scheduled Cell)

0 1 2 3 4 5 6 7 8 9

Subframe index

Predefined cross-carrier 

scheduling

Multi-TTI/Cross-subframe 

scheduling

Confliciting subframe

Configuration 0

Configuration 2

Figure 1: Cross-carrier scheduling type of PDSCH in case of different TDD UL-DL configuration

If TDD cells with different UL-DL configurations are aggregated, certain subframe(s) will have different UL-DL directions between PCell and SCell 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 [2]: 
· 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
With option 1, the Rel-10 HARQ timing of PCell can be straightforwardly reused for both PCell and SCell in order to minimize specification changes. Meanwhile, the PHICH timing of respective serving cell can most likely be reused. This option clearly maximizes reusing the predefined Release 8/9/10 HARQ timing rule and also fully supports the principle that RAN1 design is agnostic to the number of supported bands and TDD configuration combinations. 
With option 2, multi-carrier/cross-subframe scheduling is required to be defined for the case that scheduling CC is UL heavy configuration (it has more UL subframes with respect to the CC it cross-schedules). 
Considering the typical usages in real deployment network, the demand for downlink data rate is much higher than the uplink. Therefore, performance of DL resource utilization efficiency is regarded as an important indicator in our analysis. Intuitively, higher DL resource utilization efficiency is expected with option 2, since DL subframes are always prioritized in conflicting subframes in this option. However, the final conclusion may be different based on further careful analysis, using the latest RAN1 (RAN1#67) working assumptions that PUCCH is transmitted on PCell-only. Additionally, the HARQ timing in PCell should remain the same as for Release 8/9/10 to avoid implicit PUCCH format 1a/1b resource collision between legacy UEs and TDD inter-band CA UEs due to different HARQ timings used in PCell.  Based on the above issues, option 2 would result in PDSCH scheduling constraints in PCell due to no available UL resource for HARQ-ACK feedback. It is also valid that PUSCH scheduling constraints on SCell are observed with option 1 for some specific configuration combinations [4]. However, the negative impact on the DL resource utilization with option 2 is much more severe in most configuration combinations. This is because the majority of seven supported TDD DL/UL configurations are DL heavy cases (except configuration 0). With multiple DL subframes associated with a single UL subframe for HARQ-ACK feedback, one single UL blocked/muted subframe in PCell could potentially lead to  multiple DL subframes being blocked and could not be scheduled in PCell. 
We provide some numeral analysis on DL resource utilization efficiency performance of different TDD UL-DL subframe configurations with option 1 and option 2. When the configuration of PCell is UL heavy (it has more UL subframes with respect to the other aggregated CC), it is shown that Option 1 provides better DL throughput over Option 2 with exception of Configuration 0 in PCell that validates our previous thought. For DL heavy configuration in PCell, option 2 is identical to option 1 and the DL resource utilization efficiency should be same. We use the available DL subframes of option 1 as a baseline assuming that PCell-only PUCCH transmission and HARQ timing of PCell is same as for Release 8/9/10. The gain of resource utilization efficiency (G) is defined as the ratio of the difference of usable number of subframes between option 1 and option 2 to the total number of subframes on DL with option 1 as below: 
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are the numbers of available DL subframes for option 2 and option 1 respectively. 
The results on DL resource utilization efficiency analysis are shown in Table 1 for all different DL/UL combinations. Essentially the observed gains rely on PCell configuration and its corresponding HARQ timing. The scenario of an inter-band CA aggregating 2 carriers with configuration 0 in PCell and configuration 2 in SCell is shown in Figure 2. A resource utilization efficiency gain of 25% is observed due to subframe 3, 4, 8 and 9 being utilized at the cost of subframe 0 and 5 being muted. Generally speaking, more available DL subframes will be utilized with option 2 with configuration 0 in PCell. This is because for configuration 0 frame-structure, only a part of UL subframes is used for HARQ-ACK feedback with 1:1 DL-UL linkage. However, the situation is reversed for the other configuration combinations. We illustrate this with the example in Figure 2 where an inter-band CA UE aggregates 2 carriers with configuration 3 in PCell and configuration 5 in SCell. For this example, subframe 3 and 4 of SCell could be utilized while subframe 0, 7, 8 and 9 of PCell are muted simultaneously with option 2, which results in the DL resource utilization efficiency degradation compared to option 1. The detailed gains of DL resources utilization efficiency with different TDD configuration combinations are provided in Table 1. 
Comparing with option 1, the directions of conflicting subframes in option 3 could be configured either semi-statically by higher layer or dynamically through L1 signalling by eNB for flexible radio resources utilization according to traffic condition, while maintaining the same maximum DL throughput. Therefore, option 3 is preferred compared to the other options due to the flexibility for traffic adaption at the cost of marginal control overhead.  
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Figure 2: Multi-TTI/cross-subframe scheduling for half-duplex UEs with option 2. 
Hence clearly, following the transmission direction of the PCell is the most favourable option for half-duplex UEs both from DL throughput perspective and minimizing standardization impact.  
Table 1: Gain of DL resource utilization efficiency with option 2 comparing with option1
	0
	Config0

	1
	0%

	2
	25%
	0%

	3
	12.5%
	-9.09%
	-21.43%

	4
	12.5%
	-8.33%
	-26.67%
	-7.14%

	5
	25%
	-8.33%
	-18.75%
	-14.29%
	-18.75%

	6
	0%
	x
	x
	x
	x


Based on above discussion and analysis, we propose: 
Proposal 1: For UL/DL prioritization of conflicting subframes, the transmission direction is based on network configuration for half-duplex UEs. 
2.2 Cross-Carrier scheduling


[image: image6.emf]S U U D S U U

SCell

(Scheduled Cell )

0 1 2 3 4 5 6 7 8 9

Configuration 1

D D D

S U D S U

PCell

(Scheduling Cell )

Configuration 2

D D D D D

Rel-10 DL cross-carrier 

scheduling

Predefined UL scheduling 

timing of Scell(Config1)

D

9

D

Legacy PHICH 

resources

‘New” PHICH 

resources

Rel-10 PHICH timing of 

PCell

Rel-10 PHICH timing of 

Scell (Config1)


Figure 3: Cross-Carrier scheduling timing with DL heavy scheduling Cell for full-duplex UEs
For the DL heavy scheduling Cell, as shown in Figure 3, the DL/UL scheduling timing relationship of SCell can be fully reused in scheduling Cell/PCell for cross-carrier scheduling. No new scheduling timing is needed compared to Rel-8 timing because the scheduling of the UEs by the cross-carrier scheduling and the same carrier scheduling on the SCell is time aligned. A potential issue for DL heavy scheduling cell is that there would be a discrepancy regarding the availability of PHICH/PDCCH resources between legacy UEs and inter-band CA UEs if PHICH is needed to be fed-back on the DL subframes with zero PHICH resources based on legacy PHICH timeline of scheduling cell/PCell. This is described in further detail in [1]. As shown in Figure 3, legacy UEs would assume that there is no PHICH in subframes 1, 4, 6 and 9. On the other hand,  the TDD inter-band CA UE would expect the presence of PHICH resources in subfame 1, 4, 6 and 9 corresponding to the PUSCH subframes in SCell. This issue could be solved by defining a new PHICH timing relation or relying on PHICH-less operation for those subframes or introducing enhanced PHICH channel for inter-band CA. Clearly, some additional standardization efforts are expected. It should be noted that based on the agreed working assumption from RAN1 #67 meeting that no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10 would be specified, new PHICH timing definition to solve this issue has been ruled out already. Regarding the PHICH-less operation, some impacts on the PDCCH capacity could be expected and therefore it is not preferred. The option of enhancing PHICH offers a clean solution with no backward compatibility issue, and is therefore preferred. For HARQ-ACK feedback corresponding to cross-carrier scheduled PDSCH(s) of SCell, the required PUCCH transmission(s) cannot be transmitted due to the lack of UL subframes on PCell. Further details and potential solutions are provided in our companion contribution [1]. 
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Figure 4: Cross-Carrier scheduling timing with UL heavy scheduling Cell for full-duplex UEs
For the UL heavy scheduling Cell, DL scheduling would be impacted due to fewer DL subframes in scheduling Cell/PCell as shown in subframe 3, 4, 8 and 9 of Figure 4. One straightforward solution is to introduce multi-TTI scheduling for DL on SCell as UL scheduling of configuration 0 in Release 8. There is no issue observed on UL scheduling and PHICH transmission for PUSCH of SCell if the UL HARQ timing relation of SCell always follows the timing relation defined for the scheduling CC/PCC configuration in Release 8. For the PUCCH transmission corresponding to PDSCH of SCell, we also further elaborate our thoughts on the potential solutions in our companion contribution [1]. Considering one of the identified benefits of supporting inter-band TDD CA with different configurations is to increase the downlink peak data rate, it may be preferable to support multi-TTI/cross-subframe scheduling functionality at least for full-duplex capability UEs in Release 11 with less standardization impact and efforts. 
Proposal 2: Multi-TTI/cross-subframe scheduling on downlink subframe of conflicting subframe may be considered in Release 11 to support higher downlink peak data rates.  
2.3 Whether configuration combination constriction is needed or not
It is preferred not to have restriction on the configuration combination in order to simplify the core specifications. Specific configuration combinations are the choices of the operators to suit their particular deployment and application scenarios. Combination-dependent solutions are not preferred, unless there are strong motivations and/or significant performance benefits of doing so. 

Proposal 3: No restriction on the configuration combination for CA with different TDD UL-DL configurations. 
3 Conclusions
In this contribution, we provide our views on open issues of CA for different TDD UL-DL configurations and have following proposals: 
Proposal 1: For UL/DL prioritization of conflicting subframes, the transmission direction is based on network configuration for half-duplex UEs. 
Proposal 2: Multi-TTI/cross-subframe scheduling on downlink subframe of conflicting subframe may be considered in Release 11 to support high downlink peak data rates. 

Proposal 3: No restriction on the configuration combination for CA with different TDD UL-DL configurations. 
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