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1. Introduction

In RAN1#61bis meeting in Dresden, the following was agreed for the LTE-A UL ACK/NACK design in carrier aggregation. 

	Agreement (for both FDD and TDD): 

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 


This paper discusses and suggests some details on how to allocate the ACK/NACK resources for both channel selection and DFT-S-OFDM in UL ACK/NACK transmission. 
2. Resource allocation for UL ACK/NACK
2.1. Channel selection
Explicit or implicit allocation
Since dynamic PUCCH resource reservation by implicit PDCCH-to-PUCCH linkage as in LTE Rel-8/9 is not always guaranteed in case of cross carrier scheduling in LTE-A CA, explicit resource allocation for the PUCCH format 1a/1b via RRC signaling for each UE is a reasonable approach. More specifically, when M PUCCH resources are necessary for a UE for channel selection, we suggest the UE-specific RRC signaling assigns a single PUCCH resource to the UE, then, the next M-1 consecutive PUCCH resources are automatically assigned.
There’s a possibility of reusing Rel-8 PUCCH resources (assigned via PDCCH-to-PUCCH linkage) together with the explicitly assigned PUCCH resources to improve the PUCCH resource utilization. One possibility is to use a Rel-8 PUCCH resource linked to the PDCCH which schedules PDSCH in PCC and the RRC assigned PUCCH resource(s) together for channel selection [2]  However, there is a tradeoff between the resource saving and the performance/complexity. Therefore we suggest explicit resource allocation as the baseline In addition, it can be further studied whether offset value in DCI is used in channel selection for efficient resource utilization.
Suggestion 1: When M PUCCH resources are necessary for a UE for channel selection, the UE-specific RRC signaling assigns a single PUCCH resource to the UE, then, the next M-1 consecutive PUCCH resources are automatically assigned
Allocation of CS (cyclic shift) and OCC (orthogonal cover code)
For simplicity, we suggest the same rule as in Rel-8/9 PUCCH format 1a/1b resource indexing is applied for the PUCCH resource indexing for the channel selection. That is, the PUCCH indexing for channel selection follows CS-first and OCC next rule with the same delta-shift value as for the other Rel-8/9 PUCCH format 1/1a/1b resources. An example is shown in figure 1 for the case of normal CP and delta-shift = 2. It should be also noted that we may need a further discussion on whether delta-shift value could be adjusted in a special case or not [1].
Figure 1. Example of the CS/OCC indexing for PUCCH resources in a RB
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Suggestion 2: As a baseline, the PUCCH indexing for channel selection follows CS-first and OCC next rule with the same delta-shift value as for the other Rel-8/9 PUCCH format 1/1a/1b resources
Same or different RB(s) allocation for a UE
We suggest PUCCH resources for the channel selection for a UE should be allocated in a same RB to obtain an optimized ACK/NACK performance. 
Suggestion 3: PUCCH resources for the channel selection for a UE should be allocated in a same RB
2.2. DFT-S-OFDM

Explicit or implicit allocation
It is straight forward to allocate a DFT-S-OFDM PUCCH resource for each UE explicitly by RRC signaling. Moreover, we suggest tying each data part resource for DFT-S-OFDM PUCCH in a RB with a unique RS part resource in the same RB. In addition to that, multiple UEs can share their PUCCH resources for DFT-S-OFDM for efficient resource utilization. The resource offset in DL grant can help to resolve collision event among those UEs. In this case, all offset values in DL grants from all DL CCs should have the same offset values considering that a UE misses at least one DL grant from the DL CCs. 
Suggestion 4: DFT-S-OFDM PUCCH resource for each UE is explicitly allocated by RRC signaling Each data part resource for DFT-S-OFDM PUCCH in a RB is tied with a unique RS part resource in the same RB. In addition, resource offsets in DL grant should be applied for efficient resource utilization. In this case, all the offset values in all DL grants should have the same offset values.
Allocation of CS and/or OCC for RS part
Since maximum 5 DFT-S-OFDM resources can be multiplexed in the data part, maximum 5 resources should be selected in the RS part. For the normal CP case, we consider two options in the RS part resource allocation.

Option 1) using only CS domain resource

In this option, maximum 5 RS resources are used in a RB with CS separation by the given delta-shift value as illustrated in figure 2 (a), where delta-shift=2 is assumed. This option will be more robust than option 2 in a high speed case since the channel variation in time domain between the two RS symbols in a slot doesn’t affect the orthogonality between multiple UE’s RS signals multiplexed in a same RB. 
Option 2) using both CS and OCC domain resources

In this option, maximum 5 RS resources are used in a RB with CS separation and OCC separation as illustrated in figure 2 (b). This option will be more robust than option 1 in a low speed case since the orthogonality between multiple RS signals is guaranteed by OCC domain as well as CS domain.
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(a) option 1                 (b) option 2

Figure 2. Example of the CS/OCC indexing for RS part resources in a RB

Since two options have their own pros and cons, further discussion seems necessary to conclude with one option. RS resource allocation for the extended CP case is FFS. 
Suggestion 5: For the RS part resource allocation, in the normal CP case, CS only option and CS/OCC combination option should be discussed further.

2.3. Fall back to the Rel-8 ACK/NACK PUCCH resource

For more efficient ACK/NACK resource utilization and the ACK/NACK performance optimization, we suggest transmitting ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE is scheduled by a single PDCCH. In more details, two options can be considered as the Rel-8 ACK/NACK fallback operation. For easier understanding, some examples of the operation of option 1 and option 2 are illustrated in figure 3.

Option 1) fallback to the Rel-8 ACK/NACK PUCCH resource when the UE detects only a self-scheduling PDCCH in the DL PCC

·  For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH to handle the case that the UE has correctly detected the PDSCH scheduling only in the DL PCC and missed PDSCH scheduling in all the other DL CCs. 

Option 2) fallback to the Rel-8 ACK/NACK PUCCH resource when the UE detects only a single PDSCH grant in any DL CC in a subframe 

· For this operation, eNB should blindly detect the actually used PUCCH between Rel-8 ACK/NACK PUCCH and LTE-A ACK/NACK PUCCH. This blind detection effort at the eNB would increase compared with the option 1 since eNB should handle the case that the UE has correctly detected the PDSCH scheduling in ‘any single DL CC’ and missed PDSCH scheduling in all the other DL CCs. In addition, eNB should avoid scheduling PDCCHs linked to a same Rel-8 ACK/NACK PUCCH to different UEs to avoid Rel-8 ACK/NACK PUCCH resource collision.
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(a) Examples of option 1 operation
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 (b) Examples of option 2 operation

Figure 3. Examples of the operation of fallback option 1 and option 2

Among those two options, option 1 is preferable since option 2 accompanies scheduling restriction or additional signalling. Therefore, we suggest the operation of fallback to the Rel-8 ACK/NACK PUCCH resource when the UE is assigned single PDSCH-grant PDCCH only in the DL CC linked to the UL PCC

Suggestion 7: A UE transmits ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE detects only a self-scheduling PDCCH in the DL PCC

3. Summary
In this paper, we discussed further details of the UL ACK/NACK resource allocation for LTE-A.

The following summarizes our suggestions on the channel selection.
Suggestion 1: When M PUCCH resources are necessary for a UE for channel selection, the UE-specific RRC signaling assigns a single PUCCH resource to the UE, then, the next M-1 consecutive PUCCH resources automatically assigned by a given PUCCH index offset

Suggestion 2: As a baseline, the PUCCH indexing for channel selection follows CS-first and OCC next rule with the same delta-shift value as for the other Rel-8/9 PUCCH format 1/1a/1b resources
Suggestion 3: PUCCH resources for the channel selection for a UE should be allocated in a same RB
The following summarizes our suggestions on the DFT-S-OFDM.

Suggestion 4: DFT-S-OFDM PUCCH resource for each UE is explicitly allocated by RRC signaling Each data part resource for DFT-S-OFDM PUCCH in a RB is tied with a unique RS part resource in the same RB. In addition, resource offsets in DL grant should be applied for efficient resource utilization. In this case, all the offset values in all DL grants should have the same offset values.
Suggestion 5: For the RS part resource allocation, in the normal CP case, CS only option and CS/OCC combination option should be discussed further.
Suggestion 6: In addition to the explicit DFT-S-OFDM PUCCH allocation via RRC signaling, dynamic PUCCH resource shifting via DCI signaling may be considered further.
We also suggest the following for both channel selection and DFT-S-OFDM.

Suggestion 7: A UE transmits ACK/NACK bits via Rel-8 PUCCH format 1a/1b following Rel-8 ACK/NACK transmission rule (that is, using the Rel-8 ACK/NACK PUCCH resource linked to the scheduling PDCCH) when the UE detects only a self-scheduling PDCCH in the DL PCC
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