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1. Summary
In RAN1 #69 [1], it was agreed that 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. Furthermore, the following was noted on Format 3 and HARQ-ACK reporting on PUSCH.
· 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

The current agreements from RAN1 69 have some ambiguity in the use of 
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 and determination of HARQ-ACK bits [1]. In this contribution, we raise several questions for clarification on 
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, and share our views on the FFS items. 
2. Need of clarifications for 
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If a UE is configured with PUCCH format 3, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, the 
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 is used to determine the number of HARQ-ACK bits of each cell. For a cell with self-scheduling, the UL grant is always transmitted in the last downlink subframe of the PDSCH HARQ-ACK association set K of the cell. In Rel-10, all cells have the same TDD configuration, the same UL grant timing, thus the 
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 can be applied for all configured cells. 

For TDD CA with different TDD configurations, different cells may have different UL grant timings and different PDSCH HARQ-ACK association sets. Therefore, the definition of 
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 and the methods to decide the value(s) of 
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 should be further clarified.

3. Use of 
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to determine 
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 for configuration 5
If 
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is applied to all cells, the valid value of 
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  should be the maximum 
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of all configured cells. Therefore, the agreement from RAN1 #69 above should be further restricted considering the configurations of other cells, i.e. 
· If configuration 5 is not configured for any cell or is not used as the reference configuration of any cell, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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) if the timing reference configuration is #{1, 2, 3, 4, 6} . For a cell with configuration 0, 
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 is always 1, thus 
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If configuration 5 is configured for a cell or configuration 5 is used as the PDSCH HARQ-ACK association reference configuration of a cell, for PDSCH HARQ-ACK reporting on PUSCH in subframe 2, the 
[image: image18.wmf]UL

DAI

W

 interpretation and HARQ-ACK bits of all cells (even if the cell itself is configured with configuration #{1, 2, 3, 4, 6}) should follow the same rule as in configuration 5. Therefore, 

· If configuration 5 is configured for a cell or configuration 5 is used as the PDSCH HARQ-ACK association reference configuration of any cell in TDD CA, for a PUSCH transmission adjusted based on a detected PDCCH with DCI format 0/4, the UE shall assume 
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where 
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denotes the maximum value of 
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 among all the configured serving cells,
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 is the total number of received PDSCHs and PDCCH indicating downlink SPS release in subframe(s) 
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4. Issues with UL grants from configuration 0 
In an UL grant is issued by a cell with configuration 0, there is no 
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field in the DCI format 0/4. For the cell with configuration 0, 
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 is always 1, thus 
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=1. However, methods to decide 
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 and HARQ-ACK bits for other cells need to be specified for adjusted PUSCH reporting. 

The simplest approach is to use 
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 of a cell instead, thus the HARQ-ACK reporting on PUSCH adjusted by an UL grant can be the same as non-adjusted case if the UL grant is issued by a cell with configuration 0. In another approach, the DCI of configuration 0 for TDD CA may be modified to include two bits for  
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 similar to other TDD UL-DL configurations. 

As an alternative, the 
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 may be used as 
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to decide the number of HARQ-ACK bits for cell 
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 as the total number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) 
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 in serving cell 
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according to the PDSCH HARQ-ACK reporting reference configuration of serving cell 
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. Since the eNB knows the number of PDSCH transmissions to a UE, it can do decoding assuming the number of received HARQ-ACK bits is less or equal to the expected number of HARQ-ACK bits. 
5. UL grant timing issues 

For TDD CA with different TDD configurations, different cells may have different UL grant timings according to agreements in [2]. Figure 1 shows an example with configuration 1 on PCell and configuration 2 on SCell. 
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Figure 1: Example of different UL grant timing

For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant issued in downlink subframe (n-k), there are several cases:

Case 1: If downlink subframe (n-k) is the latest subframe in HARQ-ACK association sets K of all cells. The 
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may be determined the same way as in Rel-10, and be applied to all cells. For example in Figure 1, if only one UL grant is signaled in subframe 8 of the SCell, the HARQ-ACK will be reported on PUSCH on SCell in UL subframe 2 of the next radio frame if simultaneous PUCCH and PUSCH is not configured. By the time the UL grant is generated, eNB knows the maximum number of PDSCHs and SPS release of all cells. Thus, 
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 can be determined and be applied to all cells by the UE.
Case 2: If the UL grant in downlink subframe (n-k) is on one cell, but subframe (n-k) is not the latest subframe in HARQ-ACK association sets K of another cell, eNB cannot know whether PDSCH will be scheduled or not on the other cell in downlink subframes after the UL grant. Thus, how to define 
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and determine the 
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values need further study. For example in Figure 1, if only one UL grant is signaled on subframe 6 of the PCell, the HARQ-ACK will be reported on PUSCH in UL subframe 2 of the next radio frame on PCell if simultaneous PUCCH and PUSCH is not configured. By the time the UL grant is generated, the maximum number of PDSCHs and SPS release of the PCell is known, but whether PDSCH will be scheduled on subframe 8 of SCell is unknown. Thus, 
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value may be different if DL subframe 8 is included or excluded in the calculation. Therefore, rules to determine the 
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value need to be further clarified and defined.
Case 3: Furthermore, if multiple UL grants are issued on multiple cells with different UL grant timings, the UE may receive multiple 
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with the same or different values depends on how Case 2 is handled. For example in Figure 1, if an UL grant with a 
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is signalled in subframe 6 on PCell, and another UL grant with another 
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 is signalled in subframe 8 on SCell, thus, PUSCH transmissions are scheduled for both PCell and SCell in the same UL subframe 2 of the next radio frame. The HARQ-ACK PUSCH report should be carried on the PUSCH of the PCell.

RAN1 should further study if multiple 
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and/or different 
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values from difference cells are allowed from multiple UL grants on the same UL subframe. If not, how should 
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be defined and calculated. If supported, how the number of HARQ-ACK bits should be adjusted on PUSCH reporting. For example, the UE may use the latest 
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to determine the adjusted HARQ-ACK reporting on PUSCH, i.e. the 
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in the UL grant in subframe 8 of the SCell in Figure 1. 
6. Conclusions
In this contribution, we analyse the needs of clarification for HARQ-ACK PUSCH reporting adjusted by an UL grant. We propose that
· If configuration 5 is configured for a cell or configuration 5 is used as the PDSCH HARQ-ACK association reference configuration, for a PUSCH transmission adjusted based on a detected PDCCH with DCI format 0/4, all cells should use the formula:
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· If an UL grant is issued by a cell with configuration 0, 
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 may be decided by 
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or 
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.
· The issues with UL grant timing and multiple UL grants for the same UL subframe should be further studied considering 
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 values with different UL grant timings and multiple UL grants.
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