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1. Introduction

In RAN1 #62 bis meeting, the following configurations of transmission modes for PUCCH were agreed [1];
· PUCCH configuration

· Transmission scheme

· Single transmission port 

· SORTD (if the corresponding Format support it)

· Independent configuration of single transmission port or SORTD for

· Format 1

· Rel.8 Format 1a/1b and Rel.10 Format 1a/1b with channel selection (if TxD supported)

· Format 2/2a/2b
· Format 3 (if TxD supported)

Also, for resource allocation in PUCCH format 3, the following was agreed [1];

· TPC field in the PDCCH corresponding to PDSCH on Pcell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on Scell is used as ARI.

· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
In summary, the transmission modes can be configured independently for different PUCCH formats to efficiently control the used resources. If a UE is configured by PUCCH format 3, it is likely not to configure transmission scheme for Rel-8 PUCCH format 1a/1b together with transmission mode for PUCCH format 3. However, as seen in agreement, a UE behaviour is needed for this case. In this contribution, we discuss transmission mode configuration of PUCCH format 3 particularly focusing on format adaptation to PUCCH format 1a/1b.
2. Discussions
In general, during format adaptation, there will be clear which transmission scheme for PUCCH is used. For example, the following cases can happen under Rel-8 formats;
· SR+A/N

· In normal A/N feedback, the A/N bits are transmitted by PUCCH format 1a/1b. However, in simultaneous transmission of SR and A/N, the A/N bits are transmitted on SR resource when SR is positive in SR subframe. Since there are independent configurations for PUCCH format 1 and 1a/1b, the transmission scheme in SR+A/N can simply follow the transmission scheme configured for PUCCH format 1 regardless of the configuration for PUCCH format 1a/1b.

· CSI+A/N

· In normal A/N feedback, the A/N bits are transmitted by PUCCH format 1a/1b. In case of CSI+A/N, the A/N and CSI are transmitted by PUCCH format 2a/2b for normal CP and are jointly coded on PUCCH format 2 for extended CP. Since there are independent configurations for PUCCH format 1a/1b and PUCCH format 2/2a/2b, the transmission scheme in CSI+A/N can simply follow the transmission scheme configured for PUCCH format 2/2a/2b.
For Rel-10 channel selection in TDD, 
· Rel-8 fall-back from channel selection to PUCCH format 1a/1b in TDD (if explicit resource allocation is agreed)

· Although the detail on resource allocation for channel selection in LTE-A TDD is not agreed yet, Rel-8 fall-back would be necessary if explicit resource allocation with using ARI is agreed. However, even in this case, there is no ambiguity of transmission mode configuration since the transmission mode of Rel-8 PUCCH format 1a/1b and channel selection is configured together.

On the other hands, the followings can happen in PUCCH format 3;
· Rel-8 fall-back in PCell reception only in FDD for PUCCH format 3
· When a UE receives a single PDSCH on PCell only, Rel-8 PUCCH format 1a/1b and its resource allocation are used for A/N feedback. Otherwise, PUCCH format 3 is used. The similar principle could be decided also for TDD although it has not been agreed yet. For a UE configured by PUCCH format 3, it is not likely to be configured for transmission mode of PUCCH format 1a/1b together with transmission mode for PUCCH format 3. During format adaptation, a UE behaviour for transmission mode is needed for that. It is noted that this behaviour is necessary regardless of whether TxD for PUCCH format 3 is introduced or not since TxD scheme for PUCCH format 1a/1b is used anyway.
Throughout the paper, we call “Rel-8 fall-back” as using Rel-8 PUCCH format 1a/1b resource and transmission in PCell reception only.

· We may have following options on used transmission scheme for Rel-8 fall-back.
· Option 1) In Rel-8 fall-back, the transmission scheme for PUCCH format 1a/1b follows the transmission scheme configured for PUCCH format 3.

· In dynamic A/N with PUCCH format 1a/1b or a single PDCCH in PCell indicating DL SPS release, the resource consumption is not problematic. 
· When single antenna port mode for PUCCH format 3 is used, Rel-8 fall-back with PUCCH format 1a/1b applies single antenna port scheme. 
· When SORTD mode for PUCCH format 3 is used, Rel-8 fall-back with PUCCH format 1a/1b applies SORTD scheme. In this case, the first resource for first antenna port is induced by a function of ‘n_CCE’, and the second antenna port is induced by a function of ‘n_CCE+1’.

· In a single PDSCH transmission without PDCCH, the PUCCH format 1a/1b resource indicated by TPC field in PDCCH for SPS activation is used. 
· When single transmission port mode for PUCCH format 3 is configured, Rel-8 fall-back with PUCCH format 1a/1b applies single antenna port scheme.
· When SORTD mode for PUCCH format 3 is configured, Rel-8 fall-back with PUCCH format 1a/1b applies SORTD scheme. To facilitate it, additional PUCCH format 1a/1b resources or another interpretation of TPC would be necessary to get additional resource for second antenna.
· If TxD for PUCCH format 3 is not agreed, this option becomes same as Option 3 below.

· Observation) Additional resources or handling for SPS is needed.

· Option 2) In configuring transmission mode for PUCCH format 3, the transmission mode of PUCCH format 1a/1b is also configured together with the transmission mode for PUCCH format 3.

· In Rel-8 fall-back, the configured transmission scheme is used for PUCCH format 1a/1b regardless of the configured transmission mode for PUCCH format 3.
· Additional PUCCH format 1a/1b resources will be necessary for a single PDSCH transmission without PDCCH when a UE is configured by SORTD mode for PUCCH format 1a/1b together with transmission mode for PUCCH format 3. For a UE configured by carrier aggregation, a single PDSCH transmission without PDCCH on PCell only would be rare case.
· Observation) Additional RRC signalling and additional resources for a single PDSCH transmission without PDCCH on PCell only are unnecessarily needed to handle this rare case.
· Option 3) In Rel-8 fall-back, the transmission scheme for PUCCH format 1a/1b is always fallen to singe antenna port scheme. 

· The transmission scheme is always dynamically fallen to single antenna port scheme for PUCCH format 1a/1b in Rel-8 fall-back regardless of the transmission mode for PUCCH format 3. 
· Observation) Transmit diversity gain is lost for PUCCH format 1a/1b. In consequence, UL coverage is reduced for PUCCH format 1a/1b.

· Option 4) Hybrid of Option 1 and Option 3
· In dynamic A/N with PUCCH format 1a/1b or a single PDCCH in PCell indicating DL SPS release, the transmission mode for PUCCH format 1a/1b follows that for PUCCH format 3.

· In a single PDSCH transmission without PDCCH, the transmission scheme for PUCCH format 1a/1b is fallen to single antenna port scheme.
3. Summary and Conclusion
In this contribution, we discuss transmission mode configuration of PUCCH format 3 particularly focusing on format adaptation to PUCCH format 1a/1b. Regarding UE behaviour in Rel-8 fall-back from PUCCH format 3, we discussed the following four options;
· Option 1) In Rel-8 fall-back, the transmission scheme for PUCCH format 1a/1b follows the transmission scheme configured for PUCCH format 3.
· Option 2) In configuring transmission mode for PUCCH format 3, the transmission mode of PUCCH format 1a/1b is also configured together with the transmission mode for PUCCH format 3.

· Option 3) In Rel-8 fall-back, the transmission scheme for PUCCH format 1a/1b is always fallen to singe antenna port scheme.

· Option 4)  Hybrid of Option 1 and Option 3

· For a single PDSCH transmission without PDCCH, single antenna port scheme is applied for PUCCH format 1a/1b. Otherwise, the transmission scheme PUCCH format 1a/1b follows the transmission scheme configured for PUCCH format 3.
Based on the discussions, we suggest the following depending on the agreement for TxD of PUCCH format 3;

· If SORTD is agreed for PUCCH format 3, Option 4 is suggested.

· If SORTD is not agreed for PUCCH format 3, Option 3 is suggested.
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