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1
Introduction

In RAN1#55 and RAN1 #55bis, a baseline assumption for LTE-Advanced was made to support one transport block and HARQ entity per component carrier. It is generally understood that having one separate PDCCH per component carrier (CC) is the most suitable DL control signalling approach for such system operation [1].
In this contribution we provide further views on different UL control signalling options to support separate PDCCH approach in LTE-Advanced. We also present a principle to support UL control channel in the case of asymmetric UL/DL configuration.
2
Physical Uplink Control Channel (PUCCH)
This section deals with dynamic ACK/NACK signalling on the PUCCH assuming one TB and HARQ entity per DL CC, separate PDCCH approach and implicit mapping between the lowest PDCCH CCE and the corresponding PUCCH resource index. Due to the backwards compatibility requirement, we assume that Rel’8 type of PUCCH structure and resources will be reserved for each DL CC transmitting PDCCH. Those resources are located on the corresponding UL CC(s). 
ACK/NACK multiplexing

As discussed in [1], separately coded PDCCHs have a slight advantage over joint PDCCH due to the inherent booking of at least one PUCCH ACK/NACK resource per component carrier. These channels can be used for supporting ACK/NACK multiplexing on the PUCCH. With jointly coded PDCCH, at least N CCEs are needed in order to occupy N parallel PUCCH ACK/NACK channels. This can be seen as a restriction related to PDCCH scheduler mainly due to more coarse CCE allocation granularity [1]. Otherwise, it is noted that PUCCH principles discussed in this section are applicable to both separate and joint PDCCH approaches.
Simple copying of Rel’8 structure into multiple CCs results in concurrent transmission of multiple PUCCH channels (NxPUCCH) with various multi-carrier configurations. Depending on the allocation of DL CCs, NxPUCCH can be realized within one CC (single PUCCH channel) or within multiple CCs (multiple PUCCH channels). From UL control channel coverage point of view, single-carrier transmission should be the target whenever possible.
Figure 1 shows the CM properties for NxPUCCH approach having 5 parallel PUCCH Format 1a resources in use.  Those resources are randomly selected out from 5 PRBs each having 18 parallel PUCCH Format 1/1a/1b resources. Furthermore, it is assumed that the base sequence is randomly selected, but it is the same for all the resources. 

Results show that coverage loss due to increased CM is up to 3 dB compared with CM of single PUCCH Format 1a/1b resource. On top of this, link performance is decreased by 7 dB (10*log10(5)) due to the fact that the available Tx power is divided between five separately coded resources. These results indicate NxPUCCH approach does not provide sufficient UL control signalling coverage for wideband DL allocations.
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Figure 1. Cubic metric properties of  NxPUCCH approach with 5 parallel PUCCH Format 1a resources.

In terms of control signaling arrangement, there are many similarities between Rel’8 TDD and LTE-Advanced FDD having CC specific PDCCH in downlink. It is possible to reuse the TDD principles in order to optimize the PUCCH coverage in LTE-Advanced [2].  Figure 2 shows the principle of TDD type of operation in which the CCs are considered as TDD sub-frames. ACK/NACK multiplexing on the PUCCH can be realized by means of channel selection technique used in Rel’8 TDD. This ensures that ACK/NACK signal consisting of multiple ACK/NACK/DTX bits is always transmitted via single PUCCH Format 1a/1b resource, with the CM corresponding to LTE Rel’8.  It is noted that due to the fact that ACK/NACK/DTX signal is transmitted only via a single PUCCH resource, efficient DTX detection is enabled also in the case of separately coded PDCCHs. 
Regarding to ACK/NACK multiplexing on the PUCCH, it is noted that up to four ACK/NACK bits per sub-frame can be supported with the existing PDCCH design when reusing Rel’8 TDD type of solution. In the case when more than four ACK/NACK bits per subframe is required an extension for the Rel’8 TDD structure will be needed.
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ACK/NACK bundling:

ACK/NACK bundling in which the ACK/NACK feedback (FB) corresponding to multiple DL sub-frames (PDCCH) is compressed into a single ACK/NACK FB transmitted via a single PUCCH Format 1a/1b resource is supported in Rel’8 TDD. In order to maximize the UL control channel coverage in the case of wideband downlink allocations, it is natural to consider support for ACK/NACK bundling also in LTE-Advanced FDD. 
Two DAI bits have been included in both DL and UL scheduling grants in Rel’8 TDD in order to alleviate problems related to PDCCH failure. DAI bits are used with of ACK/NACK bundling whereas they are not needed in the case ACK/NACK multiplexing on PUCCH. Inclusion of the DAI bits in LTE-Advanced would simplify the UL control channel design since most of the principles could be directly reused from Rel’8 TDD. However, it is possible to support ACK/NACK bundling also without DAI bits. In this method information on the number of received DL grants needs to be included in the bundled ACK/NACK FB message. This can be made as follows: 
1. Bundled ACK/NACK FB is transmitted via the PUCCH resource corresponding to the last correctly received component carrier.
2. ACK/NACK is transmitted using PUCCH Format 1b resource using the following mapping
: 

· DTX: no PDCCH detected
· State 0: NACK -- at least one received CC with NACK

· State 1: ACK -- all received CCs with ACK, 1 or 4 CCs received

· State 2: ACK -- all received CCs with ACK, 2 or 5 CCs received
· State 3: ACK -- all received CCs with ACK, 3 CCs received.
It is noted that the proposed non-DAI bundling supports fully dynamic CC scheduling with low enough DTX-to-ACK error probability. 
3
Control signalling in the presence of PUSCH
This section discusses different UL control signalling choices in the case when UL control signals are multiplexed with UL data.  It was decided in RAN1#55bis that on top of Rel-8 operation, 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. 

It is noted that simple copying of Rel’8 structure into multiple CCs results in simultaneous transmission of PUCCH and PUSCH within multiple CCs. Depending on the scheduler decisions, various PUCCH+PUSCH configurations will take place. 
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 and UL coverage also in the case with multiple CCs. As noted in [2], single-carrier transmission (or Nx DFT-S-OFDMA) can always be achieved using the following rule: Whenever possible transmit UL control signals using the CCs containing the PUSCH. Figure 3 shows the principle of the operation which avoids concurrent transmission of PUCCH and PUSCH.  
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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, an important design goal is to limit the number of multiplexing options. Transmission of NxPUSCH + NxPUCCH is avoided if channel selection technique is applied on the PUCCH (see Section 2). As the CM for stand-alone PUCCH is approximately 1 dB, the maximum added increase of CM for the case of concurrent PUCCH and PUSCH (NxPUSCH + 1xPUCCH) is approximately 1.3 dB, as shown in Figure 4.
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Figure 4. Cubic metric properties with concurrent transmission of PUCCH and PUSCH (QPSK, 1 PRB), with different power difference values between PUSCH and PUCCH.
4
UL control channel in the case of asymmetric UL/DL

As mentioned, due to the backwards compatibility requirement, i.e., supporting Rel’8 UEs and backwards compatible LTE-Advanced UEs in each DL component carrier, Rel’8 type of PUCCH structure and resources will be reserved for each DL CC transmitting PDCCH. Figure 5 shows the principle how to configure PUCCH in the case of asymmetric UL/DL. There are two CCs in DL side and one CC in UL side in this example. Flexible duplexing configuration between the paired UL and DL CCs is also assumed. 
Both DL CCs have been configured to use the same cell identity in UL. Besides the cell identity, the same configuration is needed for the UL RS sequences and hopping parameters. In this case two DL CCs can share a common PUCCH space for all persistent type of PUCCH signals (PUCCH Format 2/2a/2b, scheduling request, persistent ACK/NACK). 

An assumption in Figure 3 is that the PUCCH configuration related parameters such as the number of PRBs available for PUCCH Format 2, 2a, 2b (
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Figure 5. PUCCH configuration in the case of asymmetric PUCCH.
5
Summary
We have discussed UL control signalling issues related to separate PDCCH approach in LTE-Advanced. We also presented a detailed signalling to support UL control channel in the case of asymmetric UL/DL.

One important design aspect for LTE-Advanced is that UL control channel coverage should not limit wideband downlink transmissions, i.e. there should be a possibility also for cell edge UEs to receive DL transmissions from multiple component carriers.
Degraded UL coverage rules out pure multi-carrier Release 8 approach (NxPUCCH). To solve this problem, some modifications in UL control channel are needed to have reasonable UL operation. These small changes are quite similar to those used in Rel’8 TDD, and many of the TDD solutions can be reused in LTE-Advanced. 
Inclusion of DAI bits in LTE-Advanced FDD needs to be carefully analyzed by taking into account various aspects such as system overhead, UL coverage and ACK/NACK signalling on PUSCH and PUCCH. We have shown that DAI bits are not mandatory and even ACK/NACK bundling can be supported w/o DAI bits.
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Figure � SEQ Figure \* ARABIC �2�. Avoiding concurrent transmission of multiple PUCCH channels.








Figure � SEQ Figure \* ARABIC �3�. Avoiding simultaneous transmission of PUCCH and PUSCH, “”2xPDSCH + 1xPUSCH”.








� This mapping supports ACK/NACK bundling over 5 CCs
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