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1
Introduction
PUCCH resource allocation for HARQ-ACK with eIMTA was discussed via email thread [76-06] and the agreements were reached in [1]. One left issue is HARQ-ACK bits ordering for PUCCH format 1b with channel selection,
Ordering of the HARQ-ACK bits

· FFS: For PUCCH format 1b with channel selection 

Based on the agreements in [1], the basic principle for implicit PUCCH resource allocation for PUCCH format 1b with channel selection is that two subframe indexing tables are applied for different type of DL subframes. For HARQ-ACK bit ordering, whether the two subframe indexing tables are applied was discussed via the email discussion. In this contribution, we focus on this specific issue and present our views. 
2
HARQ-ACK bits ordering for PUCCH format 1b with channel selection 
In TD-LTE Rel-11, if PUCCH format 1b with channel selection is configured for a UE, the DL association set table, i.e., Table 10.1.3.1-1 of TS 36.213 [2] is used for implicit PUCCH resource derivation and HARQ-ACK bits ordering (at least for the cases of single serving cell and CA with M≤2). For Rel-12 TDD eIMTA, to avoid the PUCCH resource collision between eIMTA UE and legacy UE, two new subframe indexing tables shown below were introduced [1].

Table 1:  Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the same timing

	DL HARQ reference configuration 
	UL-DL 
Configuration given by SIB-1 
	Subframe n 

	
	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	2 
	0 
	- 
	- 
	6 
	- 
	- 
	- 
	- 
	6 
	- 
	- 

	
	1 
	- 
	- 
	7,6 
	- 
	- 
	- 
	- 
	7,6 
	- 
	- 

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

	
	3 
	Invalid 

	
	4 
	Invalid 

	
	5 
	Invalid 

	
	6 
	- 
	- 
	7 
	- 
	- 
	- 
	- 
	7 
	- 
	- 

	4 
	0 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	1 
	- 
	- 
	7, (6) 
	4 
	- 
	- 
	- 
	- 
	- 
	- 

	
	2 
	Invalid 

	
	3 
	- 
	- 
	7, (6), 11 
	6,5 
	- 
	- 
	- 
	- 
	- 
	- 

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

	
	5 
	Invalid 

	
	6 
	- 
	- 
	7 
	7 
	- 
	- 
	- 
	- 
	- 
	- 

	5 
	0
	- 
	- 
	6
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	1
	- 
	- 
	7, 6
	- 
	- 
	- 
	- 
	- 
	- 
	- 

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

	
	3
	- 
	- 
	7, 6, 11
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	4
	- 
	- 
	12, 8, 7, 11
	- 
	- 
	- 
	- 
	- 
	- 
	- 

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

	
	6
	- 
	- 
	7 
	- 
	- 
	- 
	- 
	- 
	- 
	- 


Table 2:  Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the different timing 

	DL HARQ reference configuration 
	UL-DL 
Configuration given by SIB-1 
	Subframe n 

	
	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	2 
	0 
	- 
	- 
	7, 8, 4 
	- 
	- 
	- 
	- 
	7, 8, 4 
	- 
	- 

	
	1 
	- 
	- 
	8, 4 
	- 
	- 
	- 
	- 
	8, 4 
	- 
	- 

	
	2 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	3 
	Invalid 

	
	4 
	Invalid 

	
	5 
	Invalid 

	
	6 
	- 
	- 
	6, 8, 4 
	- 
	- 
	- 
	- 
	8, 6, 4 
	- 
	- 

	4 
	0 
	- 
	- 
	12, 7, 11, 8 
	7, 4, 5, 6 
	- 
	- 
	- 
	- 
	- 
	- 

	
	1 
	- 
	- 
	12, 8, 11 
	7, 5, 6 
	- 
	- 
	- 
	- 
	- 
	- 

	
	2 
	Invalid 

	
	3 
	- 
	- 
	12, 8 
	4,7 
	- 
	- 
	- 
	- 
	- 
	- 

	
	4 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	5 
	Invalid 

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

	5 
	0
	- 
	- 
	12, 7, 11, 13, 8, 4, 9, 5
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	1
	- 
	- 
	13, 12, 8, 11, 4, 9, 5
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	2
	- 
	- 
	13, 12, 9, 11,5
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	3
	- 
	- 
	13, 12, 5, 4, 8, 9
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	4
	- 
	- 
	13, 5, 4, 6, 9
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	
	5
	- 
	- 
	-
	- 
	- 
	- 
	- 
	- 
	- 
	- 

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


It has been agreed that DL HARQ reference configuration can be chosen from UL-DL configuration {2, 4, 5}. Furthermore, PUCCH Format 1b with channel selection is supported with eIMTA and it can be configured in combination with DL HARQ reference configurations #2 and #4. It is also noted that the size of the bundle window is always 4 with UL-DL configurations #2 and #4, thus in the CA case the order of HARQ-ACK bits can be determined as in the current specification. For one serving cell case, there are three possible options shown below [4],
· Option 1: HARQ-ACK bits ordering according to increasing order of DL DAI 
This is the similar approach as HARQ-ACK bits ordering of PUCCH format 3, however in the single carrier case, this option is different from the legacy design (based on DL association set table). Hence, this can be seen as a change compared to Rel-10/11 solution where the HARQ-ACK bits are ordered in the same way as the corresponding PUCCH format 1b resources. The change indicates that additional implementation design is required for UE to support PUCCH format 1b with channel selection in the case (UE is configured with single eIMTA enabled serving cell). 
The benefit of this option is that explicit DTX detection can be supported in certain cases: if DL traffic is small or eNB goes back to UL heavy SIB-1 configuration. In these cases, if only one subframe is scheduled with DAI=1, then PUCCH format 1b with channel selection is falled back to PUCCH format 1a, such that eNB can differentiate DTX from NACK. 
· Option 2: HARQ-ACK bits ordering use Rel.-8 DL association set table, i.e., Table 10.1.3.1-1
With this option basically the HARQ-ACK bits ordering and PUCCH resource allocation will use different tables. Hence, the UE needs to operate according three tables when processing HARQ-ACK feedback. This can be seen as a change compared to Rel-10/11 solution where the HARQ-ACK bits are ordered in the same way as the corresponding PUCCH format 1b resources. 
Checking each SIB-1 configuration in Table 1, there are only few cases where the first subframe index is the same as the first subframe index of DL reference configuration. It means in many cases HARQ-ACK(0) is not the HARQ-ACK bit of the fixed DL subframe but of the flexible DL subframe. If the flexbile subframe changes to DL subframe, it infers the traffic load is not low, which is not the DTX detection applied scenario. Thus, with Option 2, eNB cannot differentiate DTX from NACK, which means that eNB cannot perform PDCCH link adaptation based on the feedback of HARQ-ACK(0).

· Option 3: HARQ-ACK bits ordering use the two new tables defined for eIMTA PUCCH resource allocation
This option is aligning with HARQ-ACK bits ordering for channel selection in Rel-8, i.e., 
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 associated with HARQ-ACK(j). The set of associated DL subframes for which HARQ-ACK shall be provided in an UL subframe is the union of the associated DL subframes corresponding to the UL subframe in Table 1 and Table 2 [3]. In other word, the agreed Table 1 and Table 2 for PUCCH resource allocation are just reused for the HARQ-ACK bits ordering. 

With the new subframe indexing Table 1 and Table 2, HARQ-ACK bits in Table 1 allocate first then followed by bits in Table 2. Checking with Table 1, the subframe index with first HARQ-ACK bit is always linked to the fixed DL subframe of the SIB-1 configuration. Then if DL traffic is low and only one subframe with first subframe index in table 1 is scheduled, the channel selection is falled back to PUCCH format 1a according to Rel-10 HARQ-ACK mapping table. This means explicit DTX detection can be supported in this case. As a consequence, the eNB may perform PDCCH link adaptation based on the feedback of HARQ-ACK(0) regardless of the dynamically selected UL-DL configuration.
Comparing with option 1, the option 3 is has less possibilities to fallback to 1a, but considering the low traffic load with only one DL subframe scheduled, this scheduling limitation is really minor. The benefit is that almost no additional standard is required, and it doesn’t need new UE implementation design for the channel selection. Furthermore, it keeps the existing channel selection functionality: the HARQ-ACK bits are ordered in the same way as the corresponding PUCCH format 1b resources. This also ensures that channel selection performance with eIMTA will be unchaged compared to Rel-10/11. 

Based on above analysis, considering each option’s impacts on the performance, the UE implementation and the standard, we propose to select Option 3 as way forward to finish the HARQ-ACK bits ordering design for eIMTA:   
Proposal 1: If UE is configured with single eIMTA enabled serving cell and PUCCH format 1b with channel selection for HARQ-ACK feedback, HARQ-ACK bits ordering is determined according to the union of new tables defined for eIMTA PUCCH resource allocation.
3
Conclusion

In this contribution, we discuss HARQ-ACK bits ordering for PUCCH format 1b with channel selection in case of the serving cell is eIMTA enabled. According to the analysis made in section 2, we have the following proposal:
Proposal 1: If UE is configured with single eIMTA enabled serving cell and PUCCH format 1b with channel selection for HARQ-ACK feedback, HARQ-ACK bits ordering is determined according to the union of new tables defined for eIMTA PUCCH resource allocation.
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