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1. Introduction
In RAN1-62bis, the following was agreed for TDD ACK/NAK transmission in Rel-10:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In addition, the coding scheme in [1] was agreed for ACK/NAK payloads larger than 11 bits. In this contribution, we discuss the remaining open issues on TDD ACK/NAK in Rel-10.
2. PUCCH format 1b with channel selection mode b
For PUCCH format 1b with channel selection mode b, either frequency or time domain partial bundling can be used to reduce the ACK/NAK payload within 4 bit. In the following, we discuss the details of these two partial bundling schemes.
2.1. Frequency domain partial bundling
With frequency domain partial bundling, the ACK/NAK bit(s) from different component carriers within each subframe is bundled by a logical AND operation. The 2-bit DAI in DL grant shall indicate the total number of scheduled PDCCHs requiring ACK/NAK feedback in the current subframe. UE is able to detect any DL grant missing using the 2-bit DAI. Figure 1 shows an example, where UE is scheduled on 4 component carriers in subframe 1, with DAI in DL grants indicating 4 PDCCHs are transmitted in the current subframe. When UE receives 3 PDCCHs, it determines that one PDCCH is missed. Hence, DTX is generated as the bundled ACK/NAK bit for subframe 1. 
Table 1 shows the definition of the 2-bit DAI for frequency domain partial bundling. Since up to 5 component carriers shall be supported by RAN1 specification, the cases of 1 and 5 PDCCHs being scheduled in a subframe share the same DAI, due to its bit width limitation. The introduced error case only occurs when a UE is scheduled on all 5 component carriers and 4 of the PDCCHs are missing, hence fairly unlikely.
Another error case with frequency domain partial bundling is the handling of SPS PDSCH. An example is shown in Figure 2, where UE receives SPS PDSCH without DL grant on CC1 and misses the PDCCH on CC3 in subframe 1. Without receiving any PDCCH and DAI, UE shall feed back the SPS ACK/NAK as the bundled ACK/NAK for subframe 1, leading to an DTX-to-ACK error. This error case may be mitigated by other DAI designs, e.g. DAI as the counter of scheduled PDCCHs over both frequency and time domain. However, using DAI as the two-dimensional counter leads to other error cases, e.g. the error case of last DL grant missing.
It is also observed that frequency domain partial bundling may lead to more unnecessary retransmissions, due to the less correlation of ACK/NAK from different component carriers [2].
Table 1: DAI definition for frequency domain partial bundling

	DAI bits MSB, LSB
	DAI value
	Number of PDCCHs requiring ACK/NAK 
feedback in the current subframe

	0, 0
	1
	1 or 5

	0, 1
	2
	2

	1, 0
	3
	3

	1, 1
	4
	4
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Figure 1: Example of frequency domain partial bundling
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Figure 2: Example of error case with frequency domain partial bundling
2.2. Time domain partial bundling
With time domain partial bundling, the number of supported component carrier is limited to 2, since at most 4 bits can be supported by PUCCH format 1b with channel selection. The main hurdle of time domain partial bundling is the error case handling of last DL grant missing, since scheduling is done on a per subframe basis. In [3], it is proposed that for each component carrier, UE feeds back 2 bits, indicating one of the following four states in Table 2. The issue with Table 2 is that the case of 1 ACK and 4 ACKs share the same ACK/NAK feedback state, which introduces ambiguity for eNB. 
Table 2: ACK/NAK feedback for time domain partial bundling

	ACK/NAK feedback 
bits per CC
	Bundled ACK/NAK

	0, 0
	NAK

	0, 1
	1 ACK or 4 ACKs

	1, 0
	2 ACKs

	1, 1
	3 ACKs


In order to resolve the error case for time domain partial bundling, we prefer the following design:

· At most 2 DL CCs are supported.

· UE generates 1 bundled ACK/NAK per component carrier, by performing a logic AND operation overall ACK/NAK information bits, including the SPS ACK/NAK. Spatial bundling is mandatory for the component carrier configured with MIMO. The bundled ACK/NAK bits are denoted as (b0, b1).
· UE generates 1 or 2 assistant information bits, denoted as (b2, b3), indicating the number of subframes within which dynamic PDCCH requiring ACK/NAK feedback is received, as shown in Table 3.
· UE feeds back the 2 bundled ACK/NAK bits and the 1 or 2 assistant bits, i.e. (b0, b1, b2, b3), using PUCCH format 1b with channel selection.

· The 2-bit DAI in DL grant indicates the number of PDCCHs requiring ACK/NAK feedback in the current subframe, as shown in Table 4.
Table 3: Assistant bits for time domain partial bundling

	(b2, b3)
	Number of subframes within which dynamic PDCCHs requiring ACK/NAK feedback is received

	0, 0
	1

	1, 0
	2

	0, 1
	3

	1, 1
	4


Table 4: DAI definition for time domain partial bundling
	DAI bits
MSB, LSB
	DAI value
	Number of PDCCHs requiring ACK/NAK 
feedback in the current subframe

	0, 0
	1
	1

	0, 1
	2
	2

	1, 0
	reserved
	reserved

	1, 1
	reserved
	reserved


Figure 3 shows an example of time domain partial bundling, where UE misses the dynamic PDCCH on CC2 in subframe 1. UE shall generate ACK as the bundled ACK/NAK for both CC1 and CC2. Since UE receives dynamic PDCCH requiring ACK/NAK feedback in subframe 2 and 3, UE shall generate the 2 assistant bits as (b2, b3) = (0, 1). The 2 assistant bits shall help eNB to determine that UE at least misses one dynamic PDCCH, thus eliminating the error cases. Furthermore, it is noted that the usage of 2 assistant bits is similar to Rel-8 TDD ACK/NAK bundling on PUSCH, where one of the four scrambling sequences is selected in order to inform the eNB how many dynamic PDCCHs are received within the bundling window. 
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Figure 3: Example of time domain partial bundling

2.3. Summary

Table 5 lists the comparison between frequency and time domain partial bundling. Given that time partial domain bundling leads to higher DL throughput, and adequate error case handling mechanism is available, our current preference is that time domain partial bundling shall be adopted for PUCCH format 1b with channel selection mode b in Rel-10, in combination with the error case handling mechanism proposed in section 2.2.
Table 5: Comparison of frequency and time domain bundling

	Bundling scheme
	Number of CCs
	DL throughput
	Error case
	Error case handling

	Frequency
	No restriction
	Low
	Yes
	Not adequately

	Time
	≤2
	High
	Yes
	Adequately


3. PUCCH format 3 mode 2

In addition to PUCCH format 1b with channel selection mode b, PUCCH format 3 mode 2 is also open per agreements in the last RAN1 meeting. Our current preference is that PUCCH format 3 mode 2 is not supported in Rel-10, due to the following considerations:

· Time domain partial bundling is preferred for PUCCH format 1b with channel selection mode b;

· ACK/NAK partial bundling in PUCCH format mode 2 occurs in the same domain as PUCCH format 1b with channel selection mode b, which leads to similar functionality of PUCCH format 3 mode 2 and PUCCH format 1b with channel selection mode b;

· ACK/NAK full multiplexing, i.e. PUCCH format 3 mode 1 is already supported.
4. Application of Rel-10 ACK/NAK features to non-CA scenarios
The following two ACK/NAK transmission schemes are newly introduced in Rel-10:

· ACK/NAK transmission with PUCCH format 3

· New mapping table for ACK/NAK transmission with PUCCH format 1b with channel selection

The first feature allows UE to feed back more ACK/NAK bits, leading to less unnecessary retransmissions and higher DL throughput. The second feature improves the design in Rel-8, by avoiding the overlapping states for the 4-bit mapping table. Hence, it is preferable that the above two new features can be used by Rel-10 TDD UEs, even if in non-CA scenarios. The non-CA scenarios include the case of Rel-10 UEs not supporting carrier aggregation, as well as Rel-10 UEs supporting carrier aggregation but configured with a single carrier.

Applying the first feature for Rel-10 non-CA scenario is beneficial, considering that spatial bundling is mandatory for ACK/NAK multiplexing and only ACK/NAK bundling is supported for TDD UL-DL configuration 5 in Rel-8. Since PUCCH format 3 can support up to 20 ACK/NAK feedback bit, it can be used for ACK/NAK multiplexing without spatial bundling for TDD UL-DL configuration 5. One issue that needs further discussion is on the resource allocation of PUCCH format 3 in case of non-CA scenarios. In general, the PUCCH format 3 resource for non-CA scenarios can be semi-statically configured by higher layers. In addition, ACK/NAK resource indicator (ARI) in PDCCH can be utilized to improve the PUCCH format 3 resource utilization, possibly to reuse the 2-bit DAI as ARI in this case.
Applying the second feature for Rel-10 non-CA scenario is straightforward in principle, since only the new mappings are used instead of the Rel-8 mapping tables. eNB shall be able to configure either the Rel-8 or the Rel-10 mapping table to be used by a UE. In order to avoid any possible IoT issue or possible ambiguity during reconfiguration/handover, the default mapping table can be the Rel-8 mapping table.
In summary, we have the following proposals:
· It is supported to configure a Rel-10 UE operating on a single carrier to use PUCCH format 3 as the ACK/NAK transmission scheme for ACK/NAK multiplexing.

· Spatial bundling is not mandatory

· ACK/NAK multiplexing is supported for TDD UL-DL configuration 5

· PUCCH format 3 resource is configured by higher layers and indicated by ARI in PDCCH

· It is supported to configure a Rel-10 UE operating on a single carrier to use the Rel-10 channel selection mapping tables.
5. Conclusions

In this contribution, we discuss the remaining issues on TDD ACK/NAK design in Rel-10, with the following proposals:
· Time domain partial bundling is adopted for PUCCH format 1b with channel selection mode b. The following error case handling mechanism is adopted:

· At most 2 DL CCs are supported.

· UE generates 1 bundled ACK/NAK per component carrier, by performing a logic AND operation overall ACK/NAK information bits, including the SPS ACK/NAK. Spatial bundling is mandatory for the component carrier configured with MIMO. The bundled ACK/NAK bits are denoted as (b0, b1).

· UE generates 1 or 2 assistant information bits, denoted as (b2, b3), indicating the number of subframes within which dynamic PDCCH requiring ACK/NAK feedback is received, as shown in the following table.
	(b2, b3)
	Number of subframes within which dynamic PDCCHs requiring ACK/NAK feedback is received

	0, 0
	1

	1, 0
	2

	0, 1
	3

	1, 1
	4


· UE feeds back the 2 bundled ACK/NAK bits and the 1 or 2 assistant bits, i.e. (b0, b1, b2, b3), using PUCCH format 1b with channel selection.

· The 2-bit DAI in DL grant indicates the number of PDCCHs requiring ACK/NAK feedback in the current subframe, as shown in the following table.
	DAI bits
MSB, LSB
	DAI value
	Number of PDCCHs requiring ACK/NAK 
feedback in the current subframe

	0, 0
	1
	1

	0, 1
	2
	2

	1, 0
	reserved
	reserved

	1, 1
	reserved
	reserved


· PUCCH format 3 mode 2 is not supported in Rel-10

· It is supported to configure a Rel-10 UE operating on a single carrier to use PUCCH format 3 as the ACK/NAK transmission scheme for ACK/NAK multiplexing.

· Spatial bundling is not mandatory

· ACK/NAK multiplexing is supported for TDD UL-DL configuration 5

· PUCCH format 3 resource is configured by higher layers and indicated by ARI in PDCCH

· It is supported to configure a Rel-10 UE operating on a single carrier to use the Rel-10 channel selection mapping tables.
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