
3GPP TSG RAN WG1 Meeting #77  
R1-142533
Seoul, Korea, 19th May – 23rd May 2014
Source: 
Ericsson 

Title:  
On dynamic interpretation of UL index and UL DAI
Agenda Item:
6.2.1.2
Document for:
Discussion, Decision

1 Introduction
One remaining issue of eIMTA is whether dynamic interpretation of UL index and UL DAI in DCI format 0/4 should be introduced when the UL HARQ reference configuration is TDD UL-DL configuration 0. The following alternatives were discussed and summarized in [1] 

· Alternative 1: The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration. 

· Alternative 2-1: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for all the dynamically indicated configurations other than configuration #0 and assuming predefined subframe-specific UL index values.

· Alternative 2-2: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for some of the dynamically indicated UL-DL configurations.

· For configurations #0 and #6: UL index. For other configurations:  UL DAI.

· Alternative 2-3: The UL DAI can be used in DCI format 0/4, where the usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , i.e., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).

In this contribution, we share our views on this issue.
2 Discussion
The UL scheduling timing for eIMTA was settled at RAN1 #75 [2] and it was agreed that the UL scheduling timing follows the UL HARQ reference configuration, i.e. the TDD configuration in SIB1 for PCell and the TDD configuration indicated by tdd-Config-r10 for SCell. In this particular case, TDD configuration 0 is the UL HARQ reference configuration hence the UL scheduling timing for eIMTA UEs should follow TDD configuration 0. Therefore, the UL scheduling timing as well as the usage of UL scheduling DCI should be same as legacy UE. From this perspective, alternative 1 is the default UE behaviour which is fully consistent with previous RAN1 agreement. Alternatives 2-1, 2-2 and 2-3 are not fully in line with previous agreement in the sense that the scheduling timing does not fully follow TDD UL-DL configuration 0.
Observation:  Alternative 1 is the default UE behaviour which is consistent with previous agreement.
Both alternative 2-1 and 2-2 propose dynamic interpretation of UL index and UL DAI in DCI format 0/4. Whether the 2-bits field are used as UL index or UL DAI depend on TDD UL-DL configuration signalled in the L1 reconfiguration signalling. When TDD configuration 0 (0 and 6 in alternative 2-2) is signalled, the 2-bits field is interpreted as UL index same as the legacy UEs. When TDD configuration 1-6 (1-5 in alternative 2-2) are signalled, the 2-bits field is interpreted as UL DAI and in this case the UL scheduling timing is fixed by assuming predefined subframe-specific UL index values. 
The first problem with alternative 2-1 and 2-2 is that the predefined UL index values pose some restrictions to the UL scheduling which will inevitably reduce scheduling flexibility since it is not possible to schedule two UL subframes from a single DL subframe or schedule the same UL suframe from two different DL subframes. In contrast, UL index is always used in alternative 1 which provides scheduling flexibility and the capability to cope with (E)PDCCH resource limitation same as legacy UEs.
The second problem with alternative 2-1 and 2-2 is that the interpretation of UL index and UL DAI in DCI format 0/4 is dependent on reliability of L1 reconfiguration signalling. There are mainly two cases in which a UE could not detect a valid L1 reconfiguration signalling. 
The first case is that a UE does not detect the L1 reconfiguration signalling due to PDCCH decoding error or crowded common search space. The consequence of this is that UE will fall back to assume the UL reference configuration and there will be a misunderstanding between the eNB and the UE on which UL subframes is scheduled. This may potentially even result in intra-cell interference and significantly degrade the system performance. From this point of view, alternative 1 is a more robust solution since the UL index will always be used without causing misunderstanding between the eNB and UE.
The second case is that a UE does not detect the L1 reconfiguration signalling due to DRX operation. Note that a UE is not required to wake up from inactive state and monitor L1 reconfiguration signalling. A typical DRX setting for a system at low load is that the eNB will set DRX timers for each UE such that the active time for each UE is in a TDM manner. By doing this the UE power consumption can be saved and the system resource can be efficiently utilized. In eIMTA, it is difficult to align the DRX settings and the L1 reconfiguration signalling since this not only imposes much complexity to the network configurations but also brings a lot of restrictions on UE power saving. 
The typical L1 reconfiguration DCI will be valid for the next reconfiguration period, e.g. this holds for all reconfiguration periodicities except the case when the reconfiguration signalling is sent in subframe 0 with 10ms periodicity [2]. Therefore, it is very likely that the UE has no idea of the TDD configuration for the current reconfiguration period when it wakes up from the DRX inactive state. One example is shown in Figure 1. As a result, the UE will fall back to UL reference configuration during this period and the 2-bis field will be interpreted as UL index. In order to ensure the UL scheduler work properly, the eNB needs to keep track and estimate the likelihood of detecting the reconfiguration signalling, e.g. due to DRX operation and DRX errors. This brings much higher complexity to the scheduler. On the other hand, if the eNB does not implement such tracking, the option is to not configure DRX at all for UEs configured with eIMTA, this would of course significantly impact UE power consumption but simplify the network implementation. Moreover, depending on the configurations of DRX and reconfiguration signalling, the fallback period will most likely occur from time to time in the subsequent occasions when the UE become active. This basically reduces the valid period for alternative 2-1 and 2-2 since a UE will be in fallback mode from time to time. 
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Figure 1 Fallback period with misaligned configuration of DRX and L1 reconfiguration signaling 
The third problem with alternative 2-1 and 2-2 is that the UL DAI in some subframes cannot be used since the UL transmission in the scheduled subframes will actually not carry HARQ-ACK feedback. This is due to the fact that HARQ-ACK can only be transmitted in the UL subframes according to the DL HARQ reference configuration. Considering that the DL HARQ reference configuration can be 2, 4 and 5, only subframe 2, 3 and 7 will carry HARQ-ACK feedback. 
As an example, according to alternative 2-1 [3], subframe [4, 7, 2, 3] will be scheduled by subframe [0, 1, 5, 6] respectively. 

· When the DL HARQ reference configuration is TDD configuration 2, the HARQ-ACK feedback will be transmitted in subframe 2 and 7
· UL DAI in subframe 0 is not useful for subframe 4 

· UL DAI in subframe 6 is not useful for subframe 3 

· When the DL HARQ reference configuration is TDD configuration 5, the HARQ-ACK feedback will be transmitted in subframe 2

· UL DAI in subframe 0 is not useful for subframe 4 

· UL DAI in subframe 1 is not useful for subframe 7 

· UL DAI in subframe 6 is not useful for subframe 3 

· When the DL HARQ reference configuration is TDD configuration 4, the HARQ-ACK feedback will be transmitted in subframe 2 and 3

· UL DAI in subframe 0 is not useful for subframe 4 

· UL DAI in subframe 1 is not useful for subframe 7 
Alternative 2-3 proposes predefined UL index in subframe 1 and 6 which does not change with the L1 reconfiguration signalling hence there will be no miss detection risk between the eNB and UE as alternative 2-1 and 2-2. However, the third problem with alternative 2-1 and 2-2 also exists in this alternative. In particular, the DL subframe 1 and 6 will respectively schedule PUSCH transmissions in subframe 8 and 3 which will not carry HARQ-ACK when the DL HARQ reference configuration is TDD configuration 2 and 5. A modified solution of alternative 2-3 was proposed in [4] where UL DAI is used only in subframe #6 (with UL index value always set to “01”) when the DL reference configuration is 4, while UL index is used in all other cases. However, it needs to be discussed whether DL HARQ reference configuration 4 is a typical use case and worth the specification effort.
In summary, the usage of UL DAI with alternative 2-1, 2-2 and 2-3 is limited by DRX operation and the DL HARQ reference design for eITMA. In addition, these alternatives require large specification effort and bring in higher complexity to eNB scheduler and are not robust to reconfiguration DCI detection errors. Therefore, our preference is alternative 1, which is the simplest and most straightforward solution without additional specification impact.

Proposal: The interpretation of UL index or UL DAI field follows the UL reference configuration 0.
3 Conclusion

In this contribution, we discussed the necessity of introducing dynamic interpretation of UL index and UL DAI in DCI format 0/4 when the UL HARQ reference configuration is TDD UL-DL configuration 0. Based on the analysis, we had the following observation and proposal
Observation:  Alternative 1 is the default UE behaviour which is consistent with previous agreement.

Proposal: The interpretation of UL index or UL DAI field follows the UL reference configuration 0.
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