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1 Introduction

According to the latest email summary [1], usage of UL DAI and UL index in DCI format 0/4 is still FFS. The alternatives are as follows: 
· 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 will further discuss this issue and give our proposal.
On PUCCH resource allocation for HARQ-ACK, subframe indexing principles, resource allocation formulas for PDCCH, subframe indexing tables, HARQ-ACK resource allocation with EPDCCH and ordering of the HARQ-ACK bits for PUCCH format 3 were agreed in [6] after the RAN1#76 meeting. The ordering of the HARQ-ACK bits for PUCCH format 1b with channel selection will be further discussed in this contribution.

2 Usage of UL DAI and UL index in DCI format 0/4
With alternative 1, if UL-DL configuration 0 is used as UL reference configuration, UL index will be used in DCI format 0/4, otherwise UL DAI will be used.  One drawback for this method is that the UL DAI will be unavailable, if UL-DL configuration 0 is configured as UL reference configuration. The usage of UL DAI is for reducing the HARQ-ACK payload size. If the UL index is always used in DCI format 0/4 when UL-DL configuration 0 is indicated by SIB1, unnecessary HARQ-ACK bits may be generated. For example, when UL-DL configuration 1 is configured by DCI, HARQ-ACK feedback of at most 6 DL subframes needs to be reported on subframe #2, if DL HARQ timing is based on DL reference configuration 5. However, if UL DAI cannot be used, HARQ-ACK feedback of  3 extra DL subframes also needs to be reserved on PUSCH. Especially, if the number of actually scheduled DL subframes is smaller, e.g., if only one subframe is scheduled, then HARQ-ACK feedback of 8 DL subframes is unnecessary. Therefore, enhancement should be considered to solve the above problem of alternative 1.

Among three possible enhancement schemes under alternative 2, our preference is alternative 2-2. In details, when UL-DL configuration 0 is configured as UL reference timing, the usage of either UL DAI or UL index is determined according to the dynamically indicated UL-DL configuration where the UL_grant is transmitted:
· If the dynamically indicated UL-DL configuration is 0 or 6, the UL index is used, since DCI format 0/4 needs to be able to schedule multiple UL subframes according to UL reference configuration 0.

· Otherwise, the UL DAI is used in DCI format 0/4, and the predefined bit value can be used as UL index 

· UL index can be predefined as Table 1 or Table 2. For Table 2, if L1 signaling indicated UL-DL configuration is 2 or 5, one UL subframe can be scheduled by two DL subframes, e.g. both UL_grant on subframe#5 and #6 can schedule PUSCH on subframe#2. 
Table 1 UL Index bits (MSB LSB)
	dynamically indicated UL-DL configuration
	DL subframe number n

	
	0
	1
	5
	6

	1
	01
	01
	01
	01

	2
	01
	-
	01
	-

	3
	10
	-
	01
	01

	4
	-
	-
	01
	01

	5
	-
	-
	01
	-


Table 2 UL Index bits (MSB LSB)
	dynamically indicated UL-DL configuration
	DL subframe number n

	
	0
	1
	5
	6

	1
	01
	01
	01
	01

	2
	01
	10
	01
	10

	3
	10
	-
	01
	01

	4
	-
	-
	01
	01

	5
	-
	-
	01
	10


Regarding the reliability of reconfiguration signaling, the performance of current working assumption by using DCI format 1C had been approved from simulations and discussion in [2-4], it is shown that 10^-3 BLER can be achieved for DCI format 1C with CCE aggregation level 4/8 when SINR is not below -2dB. And from the calibration results in [5], only 1% or less than 1% UEs in Picos will suffer less than -2dB SINR. Therefore, DCI format 1C with CCE aggregation level 4/8 is reliable enough to be used to determine the usage of UL DAI and UL index. If the DCI format 1C is missed by UE, the UE will not transmit any PUSCH to avoid unnecessary UL transmission collision.

In addition, alternative 2-2 will not introduce any UL scheduling restriction. When L1 signaling indicated UL-DL configuration is 0 and 6, UL index can be used for UE operating with eIMTA to schedule any UL subframes. When L1 signaling indicated UL-DL configuration is configuration 1-5, all UL subframes also can be scheduled for the UEs. 

The major difference between alternative 2-1 and 2-2 is whether UL index is used when UL-DL configuration 6 is configured by L1 signaling. For alternative 2-1, if the combination of dynamically indicated configuration 6 and SIB1 indicated configuration 0 is regarded as a corner case, we can also consider this alternative.
Alternative 2-3 cannot be used to optimize HARQ-ACK feedback overhead on PUSCH for some cases. When DL reference configuration is configuration 2 or 5, When UL reference configuration is configuration 0, UL_grant on subframe #1/#6 (with UL index value always set to 01) is used to schedule PUSCH on subframe #8/#3 where HARQ-ACK shall not be transmitted. Thus the function of UL DAI is not used for these cases. From this view, alternative 2-3 should be de-prioritized.

Based on above analysis, both alternative 2-1 and 2-2 can be considered for HARQ-ACK transmission on PUSCH to reduce unnecessary payload size. In addition, the first preference is alternative 2-2 since this method has better scheduling flexibility than alternative 2-1 when UL-DL configuration 6 is indicated by L1 reconfiguration signaling.

Therefore, we propose that the UL DAI can be used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration. We slightly prefer to adopt alternative 2-2 among three different possible solutions.

Proposal 1: The UL DAI can be used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.

Proposal 2: We slightly prefer alternative 2-2, 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 #6 assuming predefined subframe-specific UL index values.
3 HARQ-ACK bit ordering for PUCCH Format 1b with Channel Selection
3.1 Ordering for one configured serving cell
There are three methods to determine the order of HARQ-ACK bits:

· Method 1: according to the existing Downlink association set index
[image: image1.wmf]K

in Table 1 [7].
Table 1: Downlink association set index
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	DL reference configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-


· Method 2: according to the reordered DL association set indexing tables for implicit PUCCH resource allocation [6]
In[6], subframes are indexed according to the principle 

· First type: fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs;
· Second type: fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs;
· Third type: flexible subframes.
· Method 3: according to DL DAI [8] 

With method 1, the order of HARQ-ACK bits is only based on the DL reference configuration, which is the existing behavior. The possibility is 28% for the case that the flexible subframe is placed in the subframes HARQ-ACK(0) in the bundling window according to Table 1. When the flexible subframe is configured as UL subframe, the PDCCH performance checking cannot be operated. However, when the flexible subframe is configured as to DL, PDCCH performance checking is beneficial for the performance of flexible DL subframe, since PDCCH performance may not be good when strong crosslink interference is suffered on the flexible DL subframe.
With method 2, the differentiation of NACK and DTX can be supported by HARQ-ACK(0) in most of times since fixed subframes are firstly indexed. However, for fixed subframes, PDCCH performance is not an issue since DL geometry is good [5] and there is no crosslink interference on these DL subframes. Therefore, PDCCH performance checking is not strictly necessary for fixed subframes. Thus method 1 is preferred since method 2 cannot achieve additional benefit compared to method 1 and a new behavior needs to be specified where the order of HARQ-ACK bits is based on both DL and UL reference configuration. 
For method 3, one supporting argument is that the differentiation of NACK and DTX can be supported by HARQ-ACK(0), which can help the eNB to distinguish between missed PDCCH detection and PDSCH decoding error [8]. However, in following cases, the beneficial of NACK and DTX differentiation is marginal:
· When UL-DL configuration 0 is configured by reconfiguration DCI, only PDCCHs on subframes #0, #1, #5 and #6 can be scheduled. In these subframes, PDCCH performance is not an issue since DL geometry is good [5] and there is no crosslink interference on these DL subframes. Therefore, PDCCH performance checking is not strictly necessary for this case.
· When UL-DL configuration 6 is configured by reconfiguration DCI, PDCCHs on subframes #0, #1, #5, #6 and #9 can be scheduled. As mentioned above, PDCCH performance checking for subframes #0, #1, #5 and #6 is not strictly necessary.  PDCCH performance checking for subframe#9 may be useful since subframe#9 may suffer UE-UE interference from neighbor cells. 
Compared with method 1, this PDCCH performance checking scheme only could have benefit when UL-DL configuration 4 is configured as DL reference configuration, since this is  the only case that subframe#9 is not the first subframe within the bundling window.  Furthermore, if we want to obtain the benefit of PDCCH performance checking for subframe #9 with method 3, eNB scheduling restriction needs to be introduced to schedule PDCCH with DAI=1 on subframe #9, and the subframe #6 cannot be scheduled to UE. 

Therefore, PDCCH performance checking is not strictly necessary for this case.
· When UL-DL configuration 1-5 is configured by reconfiguration DCI, DL traffic load may not be light in this case, the probability of scheduling only one DL subframes per frame is relative low. Thus it is unusual that only PDSCH with DL DAI=1 is scheduled or PDSCHs with DL DAI>1 are mistakenly received. Since NACK and DTX can be distinguished for HARQ-ACK(0) only when HARQ-ACK(1), HARQ-ACK(2) and HARQ-ACK(3) are all NACK/DTX [8], the chance of PDCCH performance checking is negligible for these cases.
Furthermore, there are three possible drawbacks which need to be considered for method 3. 
Firstly, a new HARQ-ACK feedback solution for SPS needs to be considered since there is no DL DAI configured for SPS PDSCH, which will introduce extra standardization effort. 
Secondly, compared to method 1, more signal states may need to be detected by using method 3. For example, if the bundling window size is M=4, the first subframe is an UL subframe and three DL subframes are scheduled. For method 3, it requires to detect all the states of HARQ-ACK(3)=DTX, which are 8 states, and the additional all-DTX state. For method 1, it requires to detect all the states of HARQ-ACK(0)=DTX, which are 7 states, and the additional all-DTX state. Therefore, if more states need to be detected, the performance of eNB may be degraded.
Thirdly, there would be additional specification impact since the PUCCH resource 
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 (in Table 10.1.3-7 of [7]) also should be tied to the DAI values and not to subframe indices.
Proposal 3: For one configured serving cell, the order of HARQ-ACK bits is determined according to the existing ‘Downlink association set index
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’ in 36.213.
4 Conclusion

In this paper, we discuss the remaining issues for HARQ-ACK transmission and give our proposals:

Proposal 1: The UL DAI can be used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.

Proposal 2: We slightly prefer alternative 2-2, 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 #6 assuming predefined subframe-specific UL index values.
Proposal 3: For one configured serving cell, the order of HARQ-ACK bits is determined according to the existing ‘Downlink association set index
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’ in 36.213 when PUCCH Format 1b with channel selection is configured. 
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