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1. Introduction

In RAN1#58bis, the following conclusions are made [1]:
· Rel-10 design supports up to 5 DL CCs
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission
· Support mapping onto one UE specific UL CC
· One A/N for each DL CC transport block should be supported
· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
· Simultaneous A/N transmission on multiple UL CC is FFS
· One A/N for each DL CC transport block should be supported
· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
According to the agreements above, Rel-10 FDD will support ACK/NACK feedbacks corresponding to at most 5 DL CCs. Discussions about ACK/NACK transmission schemes with CA can be found in [2]-[10]. Both bundling and multiplexing seem to be good candidates for PUCCH ACK/NACK transmission designs in FDD with carrier aggregation. In this contribution, we provide detailed designs for bundling and multiplexing in Rel-10 FDD. 
2. ACK/NAK Bundling

ACK/NAK Bundling is supported in Rel-8 TDD for power limited UEs to handle the challenge of asymmetric DL/UL sub-frames configurations. In Rel-10 FDD, ACK/NAK bundling across DL CCs could also be applied to solve the similar problem with carrier aggregation. Basically, rules in Rel-8 TDD bundling could be directly introduced, i.e. the ACK/NACK bits corresponding to multiple transmission blocks are bundled by a logical AND operation per codeword and one or two ACK/NACK bits are transmitted on either PUCCH or PUSCH. 

However, there are still some noticeable differences between Rel-8 TDD bundling across DL sub-frames and Rel-10 FDD bundling across DL CCs. In LTE TDD, DAI in DL grant was designed as a counter to enable detection of missed assignment by a UE, while not requiring eNB to perform PDSCH scheduling for multiple subframes at once. In Rel-10 FDD with CA, eNB has full knowledge of the exact number of scheduled DL CCs in a subframe for a UE. Thus, with up to 5 DL CCs in LTE-A, a fixed 3-bit DAI shall be incorporated in DL grants, representing the total number of PDCCHs requiring ACK/NACK feedback in the current sub-frame. The functionality of DAI is still to assist a UE to detect any PDCCH mis-detection, if the number of detected DL grants is not equal to the DAI. Therefore, we have the following proposal:
Proposal 1: For ACK/NAK bundling in Rel-10 FDD carrier aggregation, a fixed 3-bit DAI is included in the DL grants. The fixed 3-bit DAI represents the number of PDCCH requiring ACK/NAK feedback in the current subframes.
With ACK/NAK bundling, single-carrier property in UL transmission is maintained. Similar ACK/NACK detection performance as in Rel-8 can be achieved in Rel-10. Further, there is almost no additional PUCCH overhead compared to Rel-8. On the other hand, ACK/NAK bundling leads to unnecessary retransmissions. The amount of unnecessary retransmissions is expected to be larger for Rel-10 FDD carrier aggregation than Rel-8 TDD, since channel/interference conditions on different CCs can vary more dramatically than on different subframes of a single carrier.
2.1. ACK/NAK bundling on PUCCH

In Rel-10 FDD carrier aggregation, ACK/NAK bundling can generate 1 or 2 ACK/NAK bits, by a logical AND operation over the corresponding ACK/NAK bits on different DL CCs. The bundled ACK/NAK bits can be transmitted with a Rel-8 PUCCH format 1a/1b resource. With a fixed 3-bit DAI in DL grant representing the total number of PDCCH requiring ACK/NAK feedback, a UE can easily detect if any of the PDCCHs is mis-detected, upon which UE shall perform a DTX for ACK/NAK transmission on PUCCH.
Note that in Rel-8, the PUCCH format 1a/1b resource used for ACK/NAK bundling is associated with the last detected DL subframe. This restriction is no longer necessary in case the DAI in Rel-10 FDD CA represents the total number of required ACK/NAK feedbacks in a subframe. In general, the PUCCH format 1a/1b resource for ACK/NAK bundling in Rel-10 FDD CA can either be semi-statically assigned to a UE, or the UE utilizes one of the dynamic ACK/NAK resources derived from the detected PDCCH CCEs with a specified rule. Therefore, we have the following proposal:
Proposal 2: For ACK/NAK bundling on PUCCH in Rel-10 FDD carrier aggregation, 1 or 2 bundled ACK/NAK bits are transmitted with Rel-8 PUCCH format 1a/1b. The bundled ACK/NAK bit(s) are obtained by a logical AND operation across all the corresponding ACK/NAKs. In case a UE detects a missed DL grant, UE shall perform a DTX on PUCCH. 

2.2. ACK/NAK bundling on PUSCH
For ACK/NAK bundling on PUSCH in Rel-10 FDD CA, the Rel-8 transmission scheme can be largely reused. In case the DAI in DL grant represents the total number of required ACK/NAK feedbacks, UE shall transmit NAK on PUSCH if a missed DL grant is detected. One simplification brought by the DAI definition is that the Rel-8 ACK/NAK scrambling sequence on PUSCH is no longer necessary. Another simplification is that there is no need to separately treat ACK/NAK bundling on PUSCH for the cases with and without UL grant, since the DAI in UL grant contains the same information as the DAI in DL grants. Hence, we have the following proposal:

Proposal 3: For ACK/NAK bundling on PUSCH in Rel-10 FDD carrier aggregation, 1 or 2 bundled ACK/NAK bits are transmitted on PUSCH. The bundled ACK/NAK bit(s) are obtained by a logical AND operation across all the corresponding ACK/NAKs. In case a UE detects a missed DL grant, UE shall transmit NAK on PUSCH.
3. ACK/NAK Multiplexing

3.1. ACK/NAK multiplexing on PUCCH
In Rel-8 TDD ACK/NACK multiplexing with channel selection, a QPSK symbol is transmitted on one of the multiple ACK/NACK channels, wherein the combination of the transmitted QPSK constellation points and the activated ACK/NACK channel conveys the multiple ACK/NACK information bits. 
For ACK/NAK multiplexing in Rel-10 FDD CA, a UE can generate either M (with spatial bundling) or 2 M (without spatial bundling) ACK/NACK bits, where M is the number of DL CCs in the UE’s DL CC set. In fact, if the transmission modes on different carriers are different, the number of ACK/NACK bits can be generalized. For instance, UE DL CC set comprises two DL CCs, and spatial bundling is not configured for DL CC1, but configured for DL CC2, then UE shall generate 3 ACK/NAK bits.  In terms of the DAI in DL grant, it shall be a counter presenting the accumulative number of scheduled PDCCHs. UE shall use the DAI to map the corresponding ACK/NAK to a deterministic ACK/NAK bit location. 
Proposal 4: For ACK/NAK multiplexing in Rel-10 FDD CA, the DAI shall represent the counter of scheduled PDCCHs in the current subframe. UE shall map the ACK/NAK bit(s) of a received PDCCH to a corresponding bit location, using the DAI value in the received PDCCH.
Concerning the ACK/NACK resources, there are several options. The first one is to semi-statically configure a set of ACK/NACK resources for a UE. The second approach is for a UE to dynamically derive the resources, assuming such dynamic linkage exists. A third option is a combination of the above two, i.e. a subset of ACK/NACK resources is semi-statically configured and the rest resources are dynamically derived. The ACK/NAK resource assignment for ACK/NAK multiplexing on PUCCH in Rel-10 FDD CA may depend on the detailed ACK/NAK multiplexing transmission scheme.
When the amount of ACK/NACK bits is less than or equal to 4 (no matter whether spatial bundling is adopted or not), Rel-8 TDD ACK/NAK multiplexing with channel selection can be directly reused. However, when the number of ACK/NACK payload is larger than 4, the Rel-8 TDD ACK/NAK multiplexing scheme reaches its limitation In the following, we discuss several options for handle this limitation.  

Option 1: Extend Rel-8 ACK/NAK multiplexing with channel selection to M=5

The idea of this method is to use additional resources to send more ACK/NACK payload information. Assuming spatial bundling is performed, at most 5 ACK/NAK bits are to be transmitted in Rel-10 FDD CA. Based on Rel-8 TDD ACK/NAK multiplexing design in [11], there are 36 ACK/NACK/DTX states with 5 DL carriers. However, only a total of 20 states are available assuming QPSK constellation points and 5 ACK/NAK channels derived from the corresponding CCEs on each DL CC. Therefore, additional ACK/NACK channel resources are needed. The additional ACK/NACK resources can be semi-statically assigned by higher layers. 
To support carrier aggregation up to 5 DL CCs, 4 additional semi-statically assigned ACK/NACK resources are needed. Combined with the 5 dynamically derived ACK/NACK resources, a total of 36 states are available with QPSK, which is sufficient to support the transmission of 5 ACK/NAK bits. 

Option 2: ACK/NAK multiplexing with Rel-8 PUCCH format 2
Another approach to support ACK/NAK multiplexing in Rel-10 FDD CA is to utilize PUCCH format 2. While Option 1 works well in Rel-10 FDD system with spatial bundling, Option 2 can support up to 10 ACK/NAK bits without spatial bundling. With Rel-8 PUCCH format 2, all 2M ACK/NACKs bits are jointly coded and then transmitted in a same way as Rel-8 CQI. The PUCCH format 2 resource can be semi-statically configured by higher layers. Note that the Rel-8 RM codes for CQI is not very well design. Hence, the corresponding ACK/NAK detection performance may not be desirable. 

Option 3: ACK/NAK multiplexing with new PUCCH format
Considering that for Rel-10 TDD CA, the ACK/NAK payload size with multiplexing can be up to 40 bits without spatial multiplexing, a new PUCCH format may be inevitable. The detailed design for Rel-10 TDD CA with ACK/NAK multiplexing can be found in [12]. In case a unified ACK/NAK multiplexing scheme is desirable for FDD and TDD in Rel-10 CA, then the design in [12] can also be considered for Rel-10 FDD CA.
From the above discussion, we currently have the following proposal:

Proposal 5: For ACK/NAK multiplexing on PUCCH in Rel-10 FDD CA, ACK/NAK channel selection, PUCCH format 2, or a new PUCCH format can be considered.
3.2. ACK/NAK multiplexing on PUSCH
For ACK/NAK multiplexing on PUSCH in Rel-10, it needs to be evaluated whether the Rel-8 transmission scheme (i.e. ACK/NACK on SC-FDMA symbols next to UL DM RS) is sufficient to support up to 10 ACK/NAK bits. Toward this end, we show some simulation results in Appendix I, by assuming 4 SC-FDMA symbols next to UL DM RS are fully mapped with ACK/NACKs. Figures 1 – 3 show the BER performance with various ACK/NACK payloads and allocated PUSCH RB numbers. Note that the case of ACK/NACK payload size of 4 bits is supported in Rel-8 TDD ACK/NAK multiplexing. In addition, ACK/NACK payload of 5 bits almost shares the same performance as that of 4 bits. Therefore, the Rel-8 TDD ACK/NACK multiplexing on PUSCH seems to be sufficient for Rel-10 FDD CA with spatial bundling. The case of ACK/NACK payload of 10 bits refers to the case of Rel-10 FDD with 5 DL CCs and without spatial bundling. It is observed that the performance of ACK/NAK on PUSCH improves with more PUSCH PRBs assigned, if UE is not power limited.
To determine the amount of REs for ACK/NAK transmission on PUSCH, two separate cases need to be considered. If there is an UL grant for the PUSCH transmission, then the UE shall use the DAI value in the UL grant to determine the amount of REs for ACK/NAK. In case there is no UL grant for the PUSCH transmission, UE shall use the M or 2M to determine the amount of ACK/NAK REs. This treatment is similar to Rel-8 TDD ACK/NAK multiplexing on PUSCH.
Proposal 6: For ACK/NAK multiplexing on PUSCH in Rel-10 FDD CA, the amount of REs for ACK/NAK transmission on PUSCH shall be determined by the DAI in the UL grant, if present. Otherwise, the amount of REs for ACK/NAK transmission on PUSCH shall be determined using the maximum number of ACK/NAK feedback bits the UE currently is configured.
4. Conclusions

In this contribution, we investigate design principles for both ACK/NAK bundling and ACK/NAK multiplexing in Rel-10 FDD with carrier aggregation. Based on our analysis, we currently have the following proposals:
Proposal 1: For ACK/NAK bundling in Rel-10 FDD carrier aggregation, a fixed 3-bit DAI is included in the DL grants. The fixed 3-bit DAI represents the number of PDCCH requiring ACK/NAK feedback in the current subframes.

Proposal 2: For ACK/NAK bundling on PUCCH in Rel-10 FDD carrier aggregation, 1 or 2 bundled ACK/NAK bits are transmitted with Rel-8 PUCCH format 1a/1b. The bundled ACK/NAK bit(s) are obtained by a logical AND operation across all the corresponding ACK/NAKs. In case a UE detects a missed DL grant, UE shall perform a DTX on PUCCH. 

Proposal 3: For ACK/NAK bundling on PUSCH in Rel-10 FDD carrier aggregation, 1 or 2 bundled ACK/NAK bits are transmitted on PUSCH. The bundled ACK/NAK bit(s) are obtained by a logical AND operation across all the corresponding ACK/NAKs. In case a UE detects a missed DL grant, UE shall transmit NAK on PUSCH.

Proposal 4: For ACK/NAK multiplexing in Rel-10 FDD CA, the DAI shall represent the counter of scheduled PDCCHs in the current subframe. UE shall map the ACK/NAK bit(s) of a received PDCCH to a corresponding bit location, using the DAI value in the received PDCCH.

Proposal 5: For ACK/NAK multiplexing on PUCCH in Rel-10 FDD CA, ACK/NAK channel selection, PUCCH format 2, or a new PUCCH format can be considered.

Proposal 6: For ACK/NAK multiplexing on PUSCH in Rel-10 FDD CA, the amount of REs for ACK/NAK transmission on PUSCH shall be determined by the DAI in the UL grant, if present. Otherwise, the amount of REs for ACK/NAK transmission on PUSCH shall be determined using the maximum number of ACK/NAK feedback bits the UE currently is configured.
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Appendix I

In Appendix, we evaluate the BER performance of ACK/NAK multiplexing on PUSCH, with various ACK/NACK payloads and various PUSCH resource sizes. Simulation assumptions are listed in Table 1.  

Table 1: Simulation assumptions

	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	ETU 

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Channel estimation
	Realistic

	Modulation
	QPSK

	CP type
	Normal CP

	ACK/NACK mode
	Multiplexing on PUSCH

	Frequency hopping at slot boundary
	YES

	Number of PRBs for PUSCH
	1 or 2 or 3

	Amount of REs for ACK/NACK
	Fully occupy 4 symbols reserved for UCI on PUSCH
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Figure 1: ACK/NACK Multiplexing on PUSCH 1RB        Figure 2: ACK/NACK Multiplexing on PUSCH 2RBs
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Figure 3: ACK/NACK Multiplexing on PUSCH 3RBs
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