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1. Introduction

ACK/NACK transmission schemes for supporting carrier aggregation have been discussed in several contributions [1-11]. Through the discussions, following alternatives for ACK/NACK transmission schemes have been proposed.

· Large payload size format (e.g., PUCCH format 2, DFT-S-OFDM based format)
· Channel selection

· Bundling across CCs
We think above transmission schemes have different target regarding geometry. Therefore, we propose to discuss above ACK/NACK transmission schemes from the system perspective including PUSCH operation. Hence, in this contribution, we discuss above ACK/NACK transmission schemes together with PUSCH transmission schemes from the “UE’s power headroom” perspective. This is a resubmission of R1-102469.
2. Discussion

2.1. Transmission schemes versus assumed UL transmission schemes
Figure 1 shows the PUSCH/PUCCH operation images at certain geometry. Following aspects are taken into account in the figure. It should be noted that, in order to simplify the discussion, multi-antenna transmission is not taken into account in the following discussions.
· Number of UL ACK/NACK feedback bits
· UL data transmission scheme (Contiguous/Non-contiguous)
· Multiplexing method for UL ACK/NACK and data (FDM / TDM)
· Number of UL CCs to the UE
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Figure 1 Average power headroom versus transmission schemes for PUSCH/PUCCH
The x-axis of the figure 1 indicates the average power headroom of the UE, which is highly related to the geometries. In other words, we assume that the changes of the uplink transmission schemes are determined by the long-term averaged report of the power headroom from the UE.
2.1.1 Number of UL ACK/NACK feedback bits
The number of UL ACK/NACK information bits is determined by the number of DL CCs and DL transmission rank. Although UL/DL subframe configuration also (TDD) has impacts on the number of the bits, we mainly discuss the relation between the number of the ACK/NACK bits and the geometry. It should be noted that the number of UL ACK/NACK bits are not necessarily tied to the UE power headroom, since eNB has more power and sometimes DL and UL have different propagation channels.
Following categorization is based on the long-term averaged power headroom as discussed in the previous section. It is not our intension to discuss these aspects based on short-term reporting.
Small power headroom conditions (1-bit feedback)
At the (Uplink) cell edge, UEs would be configured to “1-bit ACK/NACK feedback (even with ACK/NACK repetition)” regardless of the DL conditions. eNBs may sometimes configure multiple DL CCs (or even spatial multiplexing) for such UEs; however, each ACK/NACK information for each TB should be bundled into 1-bit feedback information due to UL limitations.
Middle to large power headroom conditions
In this condition, UEs have the capability of sending multiple feedback information to the eNB. Up to 4-bit ACK/NACK information can be carried by channel selection, large payload size format (e.g., PUCCH format 2, DFT-S-OFDM based format) can support more than 10-bit ACK/NACK information. Depending on how many DL CCs are configured to the UEs, either channel selection or large payload size format should be used.
At the large power headroom condition, UEs may have enough power headroom for supporting multi-sequence transmission in UL; however, we have concerns on the CM and IMD aspects as well as RAN4 works for supporting multi-sequence transmission in release 10 time frame.
2.1.2 UL data transmission scheme (Contiguous/Non-contiguous)

In this subsection, resource allocation of PUSCH is taken into account 

Small power headroom conditions (Contiguous resource allocation)
At the Uplink cell edge, eNB would allocate contiguous PUSCH resources (even with TTI bundling) for maintaining the UL single carrier properties.

Middle to large power headroom conditions (Non-contiguous resource allocation)
At the middle to large power headroom conditions, UEs would have enough power headroom for supporting non-contiguous resource allocation which generally has slightly (1 to 2 [dB]) higher CM than contiguous resource allocation [12].
2.1.3 Multiplexing method for UL ACK/NACK and data (FDM / TDM)

Two operation modes are supported on how to multiplex the UL ACK/NACK feedback and UL data.
Small power headroom conditions (TDM)
In such conditions, UEs doesn’t have enough power headroom for supporting FDM of UL ACK/NACK and data (i.e., multi-carrier transmission). Hence, TDM of UL ACK/NACK and data is essential.

Middle to large power headroom conditions (FDM)
Although the FDM of UL ACK/NACK and data requires multi-carrier transmission in UL, at middle/large power headroom conditions, the transmission power for the ACK/NACK (i.e., via PUCCH) and that for the data (i.e., via PUSCH) are generally different. Hence, unlike the multiple PUCCH transmission and multiple UL CC transmission, the CM increase due to FDM of UL ACK/NACK and data would be moderate. We assume the support of FDM would have similar boundary as non-contiguous resource allocation as shown in the figure.

However, similar to the discussion in section 2.1.1, we should be aware of RAN4 situation. To support FDM in release 10 time frame might not be possible depending on future RAN4 discussions.

2.1.4 Number of UL CCs to the UE
eNB would allocate UL CCs to UEs independently from the number of configured DL CCs.
Small to middle power headroom conditions (Single UL CC transmission)
In such conditions, UEs doesn’t have enough power headroom for supporting multiple UL CC transmission.
Large(r) power headroom conditions (Multiple UL CC transmission)
Although multiple UL CC transmission can be supported by the cell center UEs, it should be noted that multiple UL CC transmission generally implies more CM than “non-contiguous resource allocation of PUSCH” and “FDM of UL ACK/NACK and data”. So, unlike these two cases, multiple UL CC transmission can be supported only in large power headroom conditions.
Hence, we assume the boundary of single UL CC transmission would be shifted to the largest power headroom region among the cases discussed above as shown in the figure 1.
2.2. Discussion on ACK/NACK only transmission schemes

As shown in figure 1, only 1-bit ACK/NACK feedback can be supported at the cell edge conditions; hence, “Bundling across CCs” for DL carrier aggregation case is essential. In this region, BPSK feedback using pre-determined PUCCH resource is assumed.

Also if we consider the efficiency of the DL HARQ, non-bundled ACK/NACK feedback should be supported at a certain region. Hence, we see the need for supporting the “large payload size format” of PUCCH for supporting non-bundled ACK/NACK feedback. This is useful when “DL carrier aggregation” and/or “DL spatial multiplexing” and/or “asymmetric UL/DL subframe configurations of TDD” are used.
Then the question is whether we should support “channel selection” for ACK/NACK only transmission schemes. As discussed in the companion contribution [12], we have several concerns on the PUCCH overhead when using large payload size format in case of 2 DL CCs, which may be typical scenarios for early LTE-Advanced.
So, we propose to support all of bundling across CCs, channel selection and large payload size format as ACK/NACK only transmission schemes based on following assumptions.
· Bundling across CCs is used when average power headroom is small

· Channel selection is used when average power headroom is middle/large, and the number of aggregated DL CCs are small (e.g., 2 to 3)
· Large payload size format is used when average power headroom is middle/large, and the number of aggregated DL CCs are large (e.g., 4 to 5) 
2.3. Discussion on multiplexing method of UL ACK/NACK and data
The support of simultaneous transmission of PUCCH and PUSCH (i.e., multicarrier transmission) were agreed. However, any details have not been discussed yet.

As shown in the figure 1, there are various transmission methods for PUSCH including non-contiguous resource allocation and number of UL CCs. In order not to increase the transmission schemes in case that UL ACK/NACK information and data are jointly transmitted, we should consider to narrow down the multiplexing schemes focusing on the assumed region for “the number of UL ACK/NACK feedback bits” and “PUSCH transmission schemes”.

We think to narrow down the combination of transmission schemes based on the “power headroom perspective” is a good start point, and our current observations and considerations regarding the necessity of multiplexing methods for UL ACK/NACK and data are as follows.

· At least up to 2-bit ACK/NACK should be supported by single carrier transmission for supporting DL carrier aggregation in the small power headroom region in UL
· TDM of (up to) 2-bit ACK/NACK feedback and PUSCH (reuse of rel-8 structure) is necessary
· Hence, FDM of (up-to) 2-bit ACK/NACK and PUSCH is not necessary

· Multicarrier transmission would be available when number of ACK/NACK feedback bits are larger than 4

· FDM of above 4-bit ACK/NACK feedback and PUSCH makes sense in order to maximize the reuse of rel-8 structures
· Hence, TDM of n-bit ACK/NACK (n > 4) might not be necessary

· Multicarrier transmission may or may not be available when the number of UL ACK/NACK feedback bits are 3 or 4

· It is FFS whether we support the multiplexing of “3-4 bits UL ACK/NACK feedback” and “data” by TDM or FDM
In summary, we propose following baselines as for the multiplexing methods of ACK/NACK and data.

· TDM between PUSCH and up to 2 bit ACK/NACK is supported, and this is used when average power headroom is small

· FDM between PUSCH and above 4 bits ACK/NACK is supported, and this is used when average power headroom is large

3. Conclusion

In this contribution, we discussed the transmission schemes for UL ACK/NACK and data from the UE power headroom perspective.
At first, we propose to discuss the changes of the uplink transmission schemes including ACK/NACK based on the long-term averaged power headroom.
In addition, we propose followings:
For ACK/NACK only transmission all of the CC bundling, channel selection and large payload size format are supported
· CC bundling is used when average power headroom is small
· Channel selection is used when average power headroom is middle, and the number of aggregated DL CCs are small (e.g., 2 to 3)
· Large payload size format is used when average power headroom is middle/large, and the number of aggregated DL CCs are large (e.g., 4 to 5)
For the multiplexing methods of ACK/NACK and data

· TDM between PUSCH and up to 2 bit ACK/NACK is supported, and this is used when average power headroom is small
· FDM between PUSCH and above 4 bits ACK/NACK is supported, and this is used when average power headroom is large
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