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1
Introduction

As an outcome of previous RAN1 meeting, it was proposed and agreed as baseline that [1]:
· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator.
Prior this, support for one transport block and HARQ entity per component carrier has been agreed [1]. It can be said that the most critical issues impacting the UL control channel design are now almost finalized. This allows progress in UL control channel area as well. 
In this contribution we discuss UL control signalling enhancements to support carrier aggregation. We also provide a way-forward proposal to be included in LTE-Advanced TR [1]. The following topics are covered in this paper:

· Periodic/persistent control signalling

· Dynamic control signalling (PUCCH and PUSCH)

· PUCCH configuration.
2 Periodic control signals
Periodic signals such as  CSI (PUCCH Format 2) and persistent ACK/NACK (PUCCH Format 1a/1b) are rather  straightforward from bandwidth extension point of view. Due to explicit resource allocation, the applied resources can scale according to number of component carriers (payload). It is also noted that bandwidth extension does not set any new requirements to scheduling request transmission (PUCCH Format 1).

Payload extension mechanisms for periodic CSI reporting using extended PUCCH and periodic PUSCH are under consideration [2]. These improvements should allow combining CSI corresponding to multiple component carriers into a single report and transmission it via a single physical resource. This would be the preferred solution from UL capacity/coverage point of view.
3 Dynamic ACK/NACK – PUCCH
Rel’8 type of PUCCH structure and resources exist with uplink component carriers (CC) having pre-LTE-Advanced UEs in operation. In order to minimize the PUCCH overhead it makes sense to use the existing dynamic ACK/NACK resources space also with LTE-Advanced terminals. 
There is an implicit mapping between the lowest PDCCH CCE and the PUCCH resource index in LTE Rel’8. Again, minimizing the scheduler restrictions between PDCCH&PUCCH and LTE&LTE-Advanced, it makes sense to maintain this linkage also with LTE-Advanced terminals. Therefore, there should be a pre-defined UL component carrier with space for dynamic ACK/NACKs corresponding to each DL component carrier that the UE is decoding the PDCCH from.

ACK/NACK signalling can be made on top of available PUCCH Format 1a/1b resources. Two principles for transmitting (dynamic) ACK/NACK corresponding to multiple component carriers are:
· Single-code transmission (1xPUCCH) based on Rel’8 TDD principles. 
· Multicode approach (NxPUCCH) 

We think that both Tx schemes (Nx PUCCH and 1x PUCCH) should be studied during the WI phase (to be included in TR [1]). As discussed e.g., in [4] and [5] multicode approach is not suitable as a single solution due to limited control signalling coverage. However, it can be considered as a way to increase the ACK/NACK multiplexing capacity with limited number of parallel channels (e.g., N=2). It is also noted that PUCCH Format 2 needs be considered in parallel with PUCCH Format 1a/1b –based schemes in LTE-Advanced TDD.

In order to maximize the UL control channel coverage, it is natural to consider both multiplexing and bundling approaches with single-code transmission. It is known that only up to four ACK/NACK bits per sub-frame can be supported when reusing Rel’8 TDD principle as such. On the other hand, it is noted that RAN4 has defined 12 operator deployment scenarios for CC aggregation [3]. In FDD side, none of the scenarios contains more than four parallel CCs in DL side. This indicates that so far no extension is needed for ACK/NACK multiplexing based on Rel’8 TDD assuming that spatial bundling of ACK/NACKs is applied per DL component carrier.

4
Dynamic ACK/NACK – PUSCH
It was decided in RAN1#55bis that control-data decoupling (simultaneous PUCCH and PUSCH transmission) is supported in addition to TDM type multiplexing. We assume that these two options are applicable also in the case of bandwidth extension. 

TDM between control and data within multiple CCs

If TDM is applied between control and data within single CC it is natural to prioritize single-carrier properties (UL coverage) also in the case with multiple CCs. As noted in [4], single-carrier transmission (or Nx SCxFDMA) can always be achieved using the following rule: Whenever possible transmit UL control signals using the CC(s) containing the PUSCH. 
 Concurrent transmission of PUCCH and PUSCH within multiple CCs

If concurrent transmission of PUCCH and PUSCH is being used, it is natural to support it regardless of the number of UL/DL CCs allocated. However, it makes sense to keep the CM increase due concurrent PUCCH at reasonable level. This is achieved using single-code transmission on PUCCH (1xPUCCH instead on MxPUCCH). As shown in [4] , the maximum added increase of CM due to PUCCH (NxPUSCH + 1xPUCCH) is approximately 1.3 dB.
4
PUCCH configuration
There should be a pre-defined UL component carrier with space for dynamic ACK/NACKs corresponding to each DL component carrier that the UE is decoding the PDCCH from. Three different cases exist regarding to PUCCH configuration:

· Symmetric UL/DL

· Network-specific asymmetry between UL/DL

· UE-specific asymmetry between UL/DL.

Symmetric UL/DL allows reuse of Rel’8 PUCCH configuration as such. With asymmetric UL/DL the case where the number of component carriers in DL > UL is the most relevant from PUCCH configuration point of view. In the opposite case, there are no special requirements related to PUCCH configuration. Network specific asymmetry between UL and DL was discussed in [4]. PUCCH configuration where single UL CC contains dynamic ACK/NACK resources corresponding to multiple DL component carriers was also presented in [4]. This straightforward configuration is applicable to both network-specific and UE-specific asymmetries. 
Previous RAN1 meeting discussed about the opportunity to include carrier indicator bits in DL/UL resource assignments. It is noted that these bits can provide some PUCCH overhead reduction in the case of UE-specific asymmetry on top of (network-wise) symmetric DL/UL deployment, as shown in Figure 1:
· As long as eNB transmits PDCCHs corresponding to multiple component carriers via pre-assigned downlink CC (Figure 1a), there is no need for DL CC-specific dynamic ACK/NACK resources per UL CC. 
· In the case with no carrier indicator bits (Figure 1b), UL CC needs to have dynamic ACK/NACK resources corresponding to all associated DL CCs. 

It is noted that PUCCH overhead reduction is achieved without compromising the flexibility in balancing the PDCCH/PUCCH interference and load between the available UL/DL CCs. 
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5
Summary & Way Forward
In this contribution we have discussed UL control signalling options to support carrier aggregation. We propose that the following methods are included in the TR [1]:

PUCCH structure/configuration:
· Reuse Rel’8 PUCCH structure (Format 1/1a/1b, Format 2/2a/2b)
· Maintain implicit resource allocation between the lowest PDCCH CCH and PUCCH resource index

· Enable configuration where single UL CC can occupy dynamic ACK/NACK resources corresponding to multiple DL component carriers 

Container for dynamic ACK/NACK on PUCCH:

· PUCCH Format 1 (FDD/TDD)
· PUCCH Format 2 (TDD only)

Investigate the following transmission schemes for dynamic ACK/NACK on PUCCH:
· Single-code transmission (1xPUCCH) based on Rel’8 TDD principles
· Multiplexing

· Bundling 
· Multicode approach (NxPUCCH) 
Multiplexing of dynamic ACK/NACK and PUSCH:
· TDM between control and data (NxPUSCH), based on Rel’8 
· Concurrent transmission of NxPUSCH + 1xPUCCH (single-code transmission)
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Figure � SEQ Figure \* ARABIC �1�. UE-specific asymmetry w/ and w/o carrier indicator bits.








