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1
Introduction
One of the candidate enhancements included in the LTE carrier aggregation enhancement WID [1] is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. 
In RAN1#69 meeting [2], the HARQ-ACK on PUCCH/PUSCH was discussed. Related collusions are:
· For TDD inter-band carrier aggregation with different UL-DL configurations on different bands, a UE can be configured with PUCCH format 3 or PUCCH format 1b with channel selection for HARQ-ACK transmission
· At least for self-scheduling case, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:
· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k∈K and K is determined according to the timing reference configuration of serving cell c
· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, Bc^{DL} = Mc where Mc is the number of elements in set Kc
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6}
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, FFS for the value of Bc^{DL} if the TDD UL-DL configuration which the timing reference configuration is #5
· FFS if the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant
· Timing reference configuration is the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows.
· FFS the treatment of format 3 for cross-carrier scheduling case
· For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:
· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k∈K and K is determined according to the reference timing configuration

· For HARQ-ACK transmission on PUCCH
· The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell
· The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value
· FFS for HARQ-ACK transmission on PUSCH
· Observations:

· Several companies are concerned with possible performance loss of the max bundling window approach.

· There could be cases of combination where there is no A/N in one of the cells

· If the treatment can be common or separate for self-scheduling and cross-carrier scheduling

In this contribution, we will provide our view on the remaining issues on HARQ-ACK on PUCCH/PUSCH with inter-band CA with different TDD configurations on different bands. 
2
Discussion
2.1
PUCCH format 1b with channel selection
In RAN1#70 meeting, the performance loss of the max bundling window approach caused some concerns. 
Table 1 shows eNB re-transmission for 1 scheduled DL subframes with M=1, M=2, M=3 and M=4. It can be seen that no extra time domain bundling is performed when the bundling window size is extended from 1 to 2/3/4. Although spatial bundling is additionally applied when the bundling window size is extended from 1 to 2/3/4, it is commonly understood that the DL throughput loss from spatial bundling is limited even with heavy usage of two codewords.  

Table 2 shows eNB re-transmission for 2 scheduled DL subframes with M=2, M=3 and M=4. Spatial bundling is applied in all of the cases. Some extra time domain bundling is performed when the bundling window size is extended from 2 to 3/4. For example, with M=2 there is 1-bit HARQ-ACK for each DL subframe, while with M=4 there is effectively only 1-bit HARQ-ACK for both DL subframes, which means incorrect decoding for one of the 2 subframes would cause retransmission of both subframes. However, even comparing M=2 with M=4 cases, the DL throughput loss is still expected to be less than 10%.   

Table 3 shows eNB re-transmission for 3 scheduled DL subframes with M=3 and M=4. Out of 8 possible combinations of HARQ-ACK, extra time domain bundling is performed only with 2 combinations. Therefore, the DL throughput loss is also very limited.
Table 1: eNB re-transmission for 1 scheduled DL subframes with M=1, M=2, M=3 and M=4
	HARQ-ACK of scheduled subframes
	eNB retransmission with M=1
	eNB retransmission with M=2
	eNB retransmission with M=3
	eNB retransmission with M=4

	A
	No re-transmission
	No re-transmission 
	No re-transmission
	No re-transmission

	N
	Re-transmit the subframe
	Re-transmit the subframe
	Re-transmit the subframe
	Retransmit the subframe


Table 2: eNB re-transmission for 2 scheduled DL subframes with M=2, M=3 and M=4
	HARQ-ACK of scheduled subframes
	eNB retransmission with M=2
	eNB retransmission with M=3
	eNB retransmission with M=4

	A, A
	No re-transmission 
	No re-transmission
	No re-transmission

	A, N
	Re-transmit 2nd subframe
	Re-transmit 2nd subframe
	Retransmit all subframes

	N, A
	Re-transmit 1st subframe
	Retransmit all subframes
	Retransmit all subframes

	N, N
	Retransmit all subframes
	Retransmit all subframes
	Retransmit all subframes


Table 3: eNB re-transmission for 3 scheduled DL subframes with M=3 and M=4
	HARQ-ACK of scheduled subframes
	eNB retransmission with M=3
	eNB retransmission with M=4

	A, A, A
	No re-transmission 
	No re-transmission

	A, A, N
	Re-transmit 3rd subframe
	Re-transmit 3rd subframe

	A, N, A
	Re-transmit 2nd and 3rd subframe
	Retransmit all subframes

	A, N, N
	Re-transmit 2nd and 3rd subframe
	Retransmit all subframes

	N, A, A
	Retransmit all subframes
	Retransmit all subframes

	N, A, N
	Retransmit all subframes
	Retransmit all subframes

	N, N, A
	Retransmit all subframes
	Retransmit all subframes

	N, N, N
	Retransmit all subframes
	Retransmit all subframes


Observation: The DL throughput loss from the max bundling window approach is acceptable. 

Considering the acceptable throughput loss from the max bundling window approach and relative big specification efforts to from the separate bundling window approach (although no new design beyond Rel-10 is involved), a reasonable way forward is to follow the conclusions from RAN1#69 for HARQ-ACK on PUCCH.
For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH not adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH not adjusted by UL grant can be re-used with 
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For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH adjusted by UL grant can be re-used for cases where both aggregated cells are with SIB1 TDD configuration {1, 2, 3, 4, 6}.
For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH adjusted by UL grant, the codebook size determination will be discussed in the next subsection for the case where one of the aggregated cells is with SIB1 TDD configuration 0. 
Proposal 1: For a UE configured with PUCCH format 1b with channel selection, conclusions from RAN1#69 for HARQ-ACK on PUCCH should be confirmed.

Proposal 2: For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH not adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH not adjusted by UL grant can be re-used with 
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Proposal 3: For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH adjusted by UL grant can be re-used for cases where both aggregated cells are with SIB1 TDD configuration {1, 2, 3, 4, 6}.
2.2
TDD configuration 0

In Rel-8/9/10 with TDD configuration 0, the DAI field is re-used as UL index in UL grant (essentially there is no UL DAI), and is present but does not apply in DL grant. When a cell with SIB1 TDD configuration 0 is aggregated with cell(s) with other TDD configuration, there would be problems with HARQ-ACK on PUCCH/PUSCH if DAI field is used in the same way as in Rel-8/9/10.

Codebook size determination for HARQ-ACK on PUSCH adjusted by UL grant
It was concluded in RAN1#70 meeting that “For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6}”. 

Following this conclusion, for the case shown in Figure 2 and PUSCH is transmitted on SCell, Bc^{DL} for each cell should be determined with 
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, which implies that UL DAI is included in the UL grant for PUSCH on a cell with SIB1 TDD configuration 0 but PDSCH HARQ timing reference configuration 2. The DCI change has not been mentioned in RAN1#70 meeting, so we think some clarification is needed.
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Figure 2: Bundling window size for combination of TDD configuration {2, 0}  
Observation: The conclusion that “For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, Bc^{DL} = min(W_{DAI}^{UL}, Mc) if the timing reference configuration is #{1, 2, 3, 4, 6}” from RAN1#70 meeting should be clarified. 
In our view, for the case of inter-band TDD CA and one of cells (cell c) is with SIB1 TDD configuration 0, and HARQ-ACK on PUSCH adjusted by UL grant, the codebook size determination should depend on the SIB1 TDD configuration of the PUSCH cell (the cell on which PUSCH is transmitted).

· PUSCH cell is with SIB1 TDD configuration 1-6

In this case, UL DAI is available, so the codebook size determination can utilize UL DAI. For UE configured with PUCCH format 3, 
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 if the timing reference configuration of cell c is TDD configuration {0, 1, 2, 3, 4, 6}, and 
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 if the timing reference configuration of cell c is TDD configuration 5. For UE configured with PUCCH format 1b with channel selection, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH adjusted by UL grant can be re-used (even one of aggregated cells is with SIB1 TDD configuration 0). 
· PUSCH cell is with SIB1 TDD configuration 0

In this case, if DCI format 0/4 is kept unchanged UL DAI is not available, so the codebook size should be determined without UL DAI. For UE configured with PUCCH format 3, 
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 for each cell. For UE configured with PUCCH format 1b with channel selection, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH not adjusted by UL grant can be re-used (even one of aggregated cells is with SIB1 TDD configuration 0) with 
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In this case, if DCI format 0/4 can be changed (e.g. adding 2-bit for UL DAI if SIB1 TDD configuration is TDD configuration 0 but PDSCH HARQ timing reference configuration is TDD configuration 1-6), UL DAI will be available, and the codebook size determination can utilize UL DAI. For UE configured with PUCCH format 3, 
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 if the timing reference configuration of cell c is TDD configuration {0, 1, 2, 3, 4, 6}, and 
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 if the timing reference configuration of cell c is TDD configuration 5. For UE configured with PUCCH format 1b with channel selection, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH adjusted by UL grant can be re-used (even one of aggregated cells is with SIB1 TDD configuration 0). However, this is not our preference. 
Proposal 4: For the case of inter-band TDD CA and one of cells (cell c) is with SIB1 TDD configuration 0, and HARQ-ACK on PUSCH adjusted by UL grant, the codebook size determination should depend on the SIB1 TDD configuration of the PUSCH cell (the cell on which PUSCH is transmitted)
· If PUSCH cell is with SIB1 TDD configuration 1-6, UL DAI is utilized for the codebook size determination.

· If PUSCH cell is with SIB1 TDD configuration 0, it is preferred that the codebook size is determined as if PUSCH is not adjusted by UL grant.
DL DAI issue
In case SCell SIB1 configuration is TDD configuration 0, the reference configuration for SCell PDSCH HARQ timing would be PCell SIB1 configuration, the usage of DL DAI has not been specified.   

If DL DAI is not used in this case, there would be problems in HARQ-ACK feedback, as the bundling window size on SCell can be larger than “1” (M>1), for example as shown in Figure 2. Since DL DAI is very important with M>1 in determining e.g. HARQ-ACK bit arrangement with PUCCH format 3, ACK/NACK on SR resource and ACK/NACK on CSI resource, the missing of DL DAI in this case will cause incorrect HARQ-ACK feedback. Considering that DL DAI is already present in the DL assignment, one reasonable way is to enable the usage of DL DAI for the cell with SIB1 configuration as TDD configuration 0 but PDSCH HARQ timing reference configuration is not TDD configuration 0. 

Proposal 5: For the case of inter-band TDD CA and SCell is with SIB1 TDD configuration 0, the usage of DL DAI is enabled for on SCell.
2.3
TDD configuration 5

One open issue related to TDD configuration 5 is the number of supported cells, if PDSCH HARQ timing reference configuration is TDD configuration 5 on one of cells. 
In RAN1#68bis meeting, it has been agreed [4] that

· On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· In case of self-carrier scheduling,
· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.
Our view is that the above agreement for DL Case C and self scheduling should be also applied to DL Case A and B with both self and cross-carrier scheduling for the sake of simplicity, otherwise it would require big standard efforts to discuss what criteria should be used to determine the combinations that can be supported (e.g. should a combination of TDD configuration {5, 5, 0, 0} be supported?).
Proposal 6: For the case of inter-band TDD CA and PDSCH HARQ timing reference configuration is TDD configuration 5 on one of cells (cell c), the maximum number of aggregated cells should be 2.
2.4
Cross-carrier scheduling

So far, the discussions on HARQ-ACK on PUCCH/PUSCH are based on the assumption of self scheduling. In [3] we have proposed that the PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling. In this case, the solutions agreed for self scheduling case can be directly re-used for cross-carrier scheduling case, i.e. a common solution can be achieved.  
Proposal 7: A common solution for HARQ-ACK on PUCCH/PUSCH can be shared for cross-carrier scheduling and self scheduling case, if the PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling. Agreed solutions for self scheduling case can be re-used for cross-carrier scheduling case.
3
Conclusion
In this paper we provided our view on Remaining issues on HARQ-ACK on PUCCH/PUSCH for inter-band CA with different TDD configurations on different bands, and have the following proposals:
Proposal 1: For a UE configured with PUCCH format 1b with channel selection, conclusions from RAN1#69 for HARQ-ACK on PUCCH should be confirmed.

Proposal 2: For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH not adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH not adjusted by UL grant can be re-used with 
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Proposal 3: For a UE configured with PUCCH format 1b with channel selection and HARQ-ACK on PUSCH adjusted by UL grant, Rel-10 defined procedures for TDD configuration {1, 2, 3, 4, 6} and PUSCH adjusted by UL grant can be re-used for cases where both aggregated cells are with SIB1 TDD configuration {1, 2, 3, 4, 6}.

Proposal 4: For the case of inter-band TDD CA and one of cells (cell c) is with SIB1 TDD configuration 0, and HARQ-ACK on PUSCH adjusted by UL grant, the codebook size determination should depend on the SIB1 TDD configuration of the PUSCH cell (the cell on which PUSCH is transmitted)
· If PUSCH cell is with SIB1 TDD configuration 1-6, UL DAI is utilized for the codebook size determination.

· If PUSCH cell is with SIB1 TDD configuration 0, it is preferred that the codebook size is determined as if PUSCH is not adjusted by UL grant.
Proposal 5: For the case of inter-band TDD CA and SCell is with SIB1 TDD configuration 0, the usage of DL DAI is enabled for on SCell.
Proposal 6: For the case of inter-band TDD CA and PDSCH HARQ timing reference configuration is TDD configuration 5 on one of cells (cell c), the maximum number of aggregated cells should be 2.
Proposal 7: A common solution for HARQ-ACK on PUCCH/PUSCH can be shared for cross-carrier scheduling and self scheduling case, if the PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling. Agreed solutions for self scheduling case can be re-used for cross-carrier scheduling case.
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