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1 Introduction
One discussion topic in email discussion thread [76-08] addresses the case of UL HARQ reference configuration 0 in conjunction with operating one of configurations 1-6, particularly with respect to the presence or absence of UL Index or DAI bits within DCI formats 0 and 4. This contribution analyses the case and discusses some solutions.
2 Analysis of UL Index and DAI in DCI format 0 and 4
Up to Release 11, the TDD UL/DL configuration is only indicated by SIB1, so that all UL HARQ and DL HARQ dependencies refer to the SIB1 indication. Within the eIMTA work item, so far three different UL/DL configurations are applicable:

· UL/DL Configuration indicated by SIB1 (existing parameter)

· Used by legacy UEs, and for determining UL HARQ timing aspects for eIMTA UEs

· DL HARQ reference Timing (new RRC parameter)

· Used to determine HARQ-ACK feedback for downlink traffic, can be one of UL/DL configurations {2,4,5}

· Operated UL/DL Configuration (new parameter indicated by explicit DCI signal)

· This determines mainly the determination of D/S/U subframes

For the presence/absence of UL Index and DAI bits in DCI format 0 and 4 up to Release 11, [1] defines the following relation to the prevailing UL/DL configuration:

	- UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)

-  Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for TDD operation with uplink-downlink configurations 1-6)


With this wording, we think the straightforward extension to Release 12 eIMTA would be to identify the "TDD operation with uplink-downlink configuration" with the "Operated UL/DL Configuration" indicated by the explicit signal. A common principle in 3GPP is that existing specification is only modified if convincing reasons are identified, such as if the system were broken. This leads us to the following observation:

Observation 1: Unless RAN1 arrives at a different agreement, DCI formats 0 and 4 contain UL index bits when the UE is operating by configuration 0, and contain DAI bits if the UE is operating by configurations 1-6. A different agreement would need to be motivated by convincing reasons, such as a broken functionality.
One issue addressed by [75-39] concerned the operation by configurations 1-6 when the UL HARQ reference is determined according to configuration 0. Figure 1 shows the DCI to PUSCH timing relation for this case.

[image: image1]
Figure 1: UL Timing Relations supported by UL/DL Configuration 0

The basic question is for this case whether DCI formats 0/4 should rather contain UL Index bits, or DAI bits, or both with a possibly smaller bit size.
In our view, the main importance of eIMTA is a good performance of DL HARQ in case of dynamic reconfiguration, because if UL traffic is more important we think it is safe to assume that the SIB1 configuration will be operated even by eIMTA-capable UEs. From that perspective, it is important to guarantee that DL HARQ works well. It seems evident that removing the DAI availability from DCI formats 0/4 when operating UL/DL configurations 1-6 cannot achieve a better DL HARQ performance. Therefore our observation is that DAI bits are necessary in all cases if the same DL HARQ performance is desired as in Release 8.

Observation 2: The DL HARQ performance of Release 8 can only be achieved if DAI bits are present in DCI formats 0/4 when operating UL/DL configurations 1-6.

The availability of UL Index bits supports the choice of one or two uplink subframes that are assigned by a single DCI format 0/4 message. For eIMTA and its traffic adaptation capability, we consider the simultaneous assignment of two UL subframes by a single DCI message as unnecessary, especially if all UL subframes can be assigned by different DCI transmissions.
Observation 3: Supporting the indication of two UL transmissions by a single DCI format 0/4 message is not required for eIMTA.

Overall, in any of configurations 1-6, at most subframes 2, 3, 4, 7, 8 need to be assignable for uplink transmissions. As it further turns out, for configurations 1-5, at most 4 UL subframes need to be assigned, which is possible without any UL Index bits. We can observe that for configurations 1-5, it is sufficient if unambiguous timing relations are supported, and for configuration 6 only UL assignments transmitted in subframe 1 might require further means to resolve an ambiguity.

For Operated UL/DL Configuration 6, uplink subframes 2 and 3 can be scheduled by DCI in subframes 5 and 6 with assuming k=7, respectively, while uplink subframe 4 can be scheduled by DCI in subframe 0 with assuming k=4 to benefit from the short delay. Then uplink subframes 7 and 8 remain to be chosen for scheduling by subframe 1. It might be useful to allow UL Index bits in subframe 1 in order to assign subframes 7 and/or 8 by dynamic choice; however this would mean that DAI bits cannot be available. It should also be mentioned that UL/DL Configuration 6 is highly unattractive for the Operated UL/DL Configuration when SIB1 indicates UL/DL configuration 0, as only 1 subframe is changed from U to D. Usually we expect that reconfiguration is applied if the traffic adaptation to DL is rather substantial. So even though UL/DL configuration 6 should be supported by the specification and the system, it is far from a case that needs to be thoroughly optimized. Therefore supporting only a single value k for DCI granting PUSCH transmissions for any operated UL/DL configuration is sufficient.
Observation 4: Operating UL/DL Configurations 6 when SIB1 indicates UL/DL Configuration 0 is not attractive for the system, and therefore does not need to be optimized. For operating UL/DL configuration 6, the availability of UL index bits in subframe 1 has some limited scheduling benefit.
Additionally, by recent agreements for DL HARQ feedback, only UL/DL configurations {2,4,5} are supported for determining the ACK/NACK feedback timing relations. This implies that DL HARQ feedback is transmitted at most in subframes {2,3,7}. Therefore it is most important that all of those subframes can be assigned for PUSCH transmissions. Consequently, supporting k=7 for DCI in subframe 1 if SIB1 indicates UL/DL configuration 0 and when operating UL/DL configuration 6 is generally less attractive than supporting k=6. From that perspective, when operating UL/DL configuration 6 we think fixing k=6 for the DCI in subframe 1 is preferred, even though semi-statically choosing between k=6,7 is also acceptable. 

The alternative solutions mainly discussed in RAN1#76 and [76-08] are as follows [2]
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).

From the discussion and above observations, the preferred solution is within the Alternative 2 family. Table 1 shows how the assumed UL Index bits could be defined in TS 36.213 as a function of the UL/DL configuration and the DCI subframe.
	Operated UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	01
	01
	
	
	
	01
	01
	
	
	

	2
	01
	10
	
	
	
	01
	10
	
	
	

	3
	10
	
	
	
	
	01
	01
	
	
	

	4
	
	
	
	
	
	01
	01
	
	
	

	5
	
	
	
	
	
	01
	10
	
	
	

	6
	10
	10
	
	
	
	01
	01
	
	
	


Table 1: UL Index bit values (MSB,LSB) for Operated UL/DL Configurations 1-6

Overall, previous discussions in RAN1 have revealed that the miss chance of the reconfiguration DCI can be laregly neglected, so that error case considerations are not strictly necessary. However, with some restriction to the scheduling flexibility, Table 1 could be further simplified to an UL Index bit definition that depends only the the DCI subframe, as shown in Table 2.
	Operated UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1-6
	10
	10
	
	
	
	01
	01
	
	
	


Table 2: UL Index bit values (MSB,LSB) for Operated UL/DL Configurations 1-6

As shown in the preceding discussion, it is possible to support UL assignments by DCI format 0 and 4 even if no UL Index bits are available for all important scenarios. The potential loss of one uplink subframe in configuration 6 could be circumvented by higher layer signalling, but is anyway negligible because it would only occur in a corner case scenario. On the other hand, having DAI bits available consistently for any UL assignments in eIMTA ensures a DL HARQ operation no worse than what is supported up to Release 11, which should be the main target. Even though we are not convinced that UL/DL configuration 6 deserves a special handling, it might be acceptable if this is necessary to move forward.
A different approach to accommodate the scheduling opportunities for configuration 6 is along the lines of Alternative 2-2, applying the principle of Table 1 just for configurations 1-5 with the predetermined UL Index bits interpretation and 2 bit DAI in the DCI format 0/4, while for configurations 0 and 6 the 2 UL Index bits are present in the DCI format 0/4 but no DAI in the correspodning subframes:
	Operated UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	•
	•
	
	
	
	•
	•
	
	
	

	1
	01
	01
	
	
	
	01
	01
	
	
	

	2
	01
	10
	
	
	
	01
	10
	
	
	

	3
	10
	
	
	
	
	01
	01
	
	
	

	4
	
	
	
	
	
	01
	01
	
	
	

	5
	
	
	
	
	
	01
	10
	
	
	

	6
	•
	•
	
	
	
	•
	•
	
	
	


•) 2 bits in the DCI format 0/4 are used as dynamically indicated UL Index bits as in Release 8
Table 3: Proposed UL Index bit values (MSB,LSB) according to Alternative 2-2 
3 Conclusion
From the analysis in this document, we arrive at the following observations:

Observation 1: Unless RAN1 arrives at a different agreement, DCI formats 0 and 4 contain UL index bits when the UE is operating by configuration 0, and contain DAI bits if the UE is operating by configurations 1-6. A different agreement would need to be motivated by convincing reasons, such as a broken functionality.
Observation 2: The DL HARQ performance of Release 8 can only be achieved if DAI bits are present in DCI formats 0/4 when operating UL/DL configurations 1-6.

Observation 3: Supporting the indication of two UL transmissions by a single DCI format 0/4 message is not required for eIMTA.

Observation 4: Operating UL/DL Configurations 6 when SIB1 indicates UL/DL Configuration 0 is not attractive for the system, and therefore does not need to be optimized. For operating UL/DL configuration 6, the availability of UL index bits in subframe 1 has some limited scheduling benefit.
As shown in the preceding discussion, it is possible to support UL assignments by DCI format 0 and 4 even if no UL Index bits are available for all important scenarios. The potential loss of one uplink subframe in configuration 6 could be circumvented by higher layer signalling, but is anyway negligible because it would only occur in a corner case scenario. On the other hand, having DAI bits available consistently for any UL assignments in eIMTA ensures a DL HARQ operation no worse than what is supported up to Release 11, which should be the main target.
Therefore, our first preference is to adopt a solution as given by

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.

We are open to consider Alternative 2-2 if sufficient reasons can be provided why UL/DL configuration 6 needs special handling:
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.
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