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1. Introduction

In RAN#84 meeting, we agreed on uplink control information (UCI) transmission for LAA SCell [1].
	Agreements:
· Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported

· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier

· FFS on the LBT scheme for UCI transmission

· FFS on position of UCI in a subframe


In this contribution, we discuss the issues to design PUCCH on LAA SCell, if introduced, considering regulatory requirements and LBT operation.
2. Discussion on PUCCH design
PUCCH on LAA SCell can be considered to be supported in Rel-14 since it can be helpful from UCI offloading point of view. However, we should carefully take into account the introduction of PUCCH on unlicensed carrier due to tight schedule of Rel-14 eLAA. Therefore, even though PUCCH on LAA SCell is supported, we have to minimize standard impact with consideration of a couple of aspects such as regulatory requirements, channel access procedure, and so on, as will be discussed below.
2.1. Multi-cluster PUCCH
Legacy PUCCH format 1/2/3/5 is defined using only one PRB pair. However, to be compliant with ETSI regulation related to power spectral density (PSD), the maximum transmission power of legacy PUCCH occupying one PRB may be limited to, e.g., 10 dBm, which would significantly affect the PUCCH coverage. Thus, we should distribute PUCCH resource to wider bandwidth such that more transmission power can be used for PUCCH and PUCCH coverage can be extended. Another thing to consider for designing PUCCH resource is that PRB-level multi-cluster transmission (>2) is supported for PUSCH on LAA SCell. In order to efficiently multiplex PUCCH with PUSCH in a subframe, PUCCH resource may be mapped to multiple clusters with PRB intervals as well. Therefore, considering PSD regulation and multiplexing with PUSCH, designing PRB-level multi-cluster PUCCH waveform should be considered.
In case of a system BW of 20 MHz, for instance, the system BW can be composed of 10 interlaces and each interlace can consist of 10 PRBs. If a PUCCH resource is configured with a whole interlace, only 2 HARQ-ACK bits can be carried by 10 PRBs in case that legacy PUCCH format 1b is distributed in the interlace (e.g., with repetition and OCC in frequency domain). Therefore, considering the trade-off between PUCCH transmission power and the inefficiency of UCI transmission, a PUCCH resource can be composed of a part of an interlace and eNB can configure each PUCCH resource per each PUCCH format (e.g., by RRC configuration). For the support of PUCCH format 1/1a/1b, it may be necessary to define a rule to link between PDCCH lowest CCE index and PUCCH resource.
Suggestion 1: If PUCCH on LAA SCell is supported, consider to design PUCCH waveform with following design principles.

· Extend existing PUCCH formats over multiple PRBs in an interlace, the interlace is compatible with the PUSCH interlace.

· A PUCCH resource can be configured with a part of PRBs in an interlace.
2.2. PUCCH format
PUCCH format can be adapted depending on UCI payload size, just as in legacy LTE system. Considering that a UE can be configured with a lot of LAA SCells, it seems reasonable to support at least PUCCH format 4 on LAA SCell.

Suggestion 2: Consider to introduce at least PUCCH format 4 based PUCCH format.

As for PUCCH format 2, if at least one symbol can be blanked for CCA gap in PUCCH as well as PUSCH, 2 bits among 20 coded bits cannot be transmitted while short length OCC can be defined for PUCCH format 1/3 or UCI can be rate-matched for PUCCH format 4/5 in a blanked subframe. Therefore, PUCCH format 2 seems not suitable for LAA SCell.
Observation: PUCCH format 2 may not be suitable for LAA SCell.

2.3. HARQ-ACK timing determination
In legacy LTE system, HARQ-ACK response timing is predefined depending on frame structure type and UL/DL configuration. However, to enlarge eNB’s scheduling flexibility in frame structure type 3 for LAA, we may need to determine HARQ-ACK response timing. The simplest way to give scheduling flexibility to eNB is to indicate the accurate HARQ-ACK timing by scheduling DCI. Furthermore, there can be additional alternatives which can reduce signalling overhead as follows.
· Alt. 1) Indication via scheduling DCI
· Alt. 2) Based on blind detection of CRS and/or common PDCCH in each subframe
· Alt. 3) Right after ending partial subframe

For Alt. 1, UE just follows eNB’s command and eNB has to guarantee UL resource at scheduled HARQ-ACK timing. For Alt. 2, UE can transmit HARQ-ACK at subframe #n corresponding to PDSCH at subframe #n-k (e.g., k=4) unless the subframe #n is determined to downlink subframe. However, Alt. 2 may not be reliable considering miss detection or false alarm probability of CRS and/or common PDCCH. Thus, Alt. 2 can be combined with Alt. 1, which means UE can defer HARQ-ACK transmission if the subframe scheduled for HARQ-ACK to be transmitted is detected as DL subframe. This combined option can provide eNB with more scheduling flexibility in case new DL data arrives.

For Alt. 3, UE is allowed to transmit UCI only after ending partial subframe (e.g., by using one or two symbols), so it would be beneficial in terms of resource utilization. However, eNB should transmit ending partial subframe to trigger HARQ-ACK transmission even though eNB has no data to send. Therefore, we prefer Alt. 1) and Alt. 2).
Suggestion 3: Consider to determine HARQ-ACK timing as follows:

· Alt. 1) Indication via scheduling DCI

· Alt. 2) Based on blind detection of CRS and/or common PDCCH in each subframe
· The combination of Alt. 1 and Alt. 2 can be considered.
2.4. HARQ-ACK payload
If a UE transmits UCI on consecutive subframes corresponding to consecutive PDSCHs, this would cause significantly inefficient resource utilization. To reduce UCI transmission overhead, it can be recommended to support HARQ-ACK codebook can contain HARQ-ACK bits corresponding to multiple subframes.

The method to design the codebook of HARQ-ACK corresponding to multiple subframes is dependent on alternatives to determine HARQ-ACK timing as proposed in section 2.2. Alt. 1 is to indicate accurate HARQ-ACK timing by DL grant. Fig. 1 shows an example that eNB indicates to transmit HARQ-ACK at SF#9 corresponding to PDSCH at SF#2 ~ SF#4.
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Figure 1. Transmission of HARQ-ACK corresponding to multiple subframes with Alt. 1
Considering that UCI transmission on SF#9 in Fig. 1 cannot be guaranteed in LAA SCell, UE may be permitted to transmit UCI in at least one of multiple subframes. For instance, as depicted in Fig. 2, UE adopts moving window for transmitting HARQ-ACK whose codebook contains HARQ-ACK information of k (e.g., k=4) subframes and UE can transmit HARQ-ACK at SF#10 corresponding to PDSCH at SF#2 ~ SF#4 if LBT fails at SF#9.
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Figure 2. Transmission of HARQ-ACK corresponding to multiple subframes with Alt. 1 and moving window
Suggestion 4: HARQ-ACK codebook can contain HARQ-ACK bits corresponding to multiple subframes. To improve PUCCH transmission probability, consider to transmit HARQ-ACK related to a subframe via multiple subframes.
In case of Alt. 2 that HARQ-ACK timing can be determined based on blind detection of CRS and/or common PDCCH in each subframe, the codebook of HARQ-ACK corresponding to multiple subframes can be configured in terms of subframe index, HARQ process number, or DAI (DL assignment index). For instance, if HARQ-ACK codebook is configured based on subframe index, UE can try to transmit HARQ-ACK at SF#n corresponding to PDSCH from SF#n-k-m to SF#n-k (e.g., k=4, m=4) once HARQ-ACK exists and SF#n is not DL SF.
Suggestion 5: If HARQ-ACK timing can be determined based on blind detection of CRS and/or common PDCCH in each subframe (Alt. 2), the codebook of HARQ-ACK corresponding to multiple subframes can be configured in terms of subframe index, HARQ process number, or DAI.
3. Summary and conclusions

In this contribution, we provided views on PUCCH in LAA SCell and addressed the issues to design PUCCH, if introduced, considering regulatory requirements and LBT operation. The observation and suggestions of this contribution are summarized as follows.
Suggestion 1: If PUCCH on LAA SCell is supported, consider to design PUCCH waveform with following design principles.

· Extend existing PUCCH formats over multiple PRBs in an interlace, the interlace is compatible with the PUSCH interlace.

· A PUCCH resource can be configured with a part of PRBs in an interlace.
Suggestion 2: Consider to introduce at least PUCCH format 4 based PUCCH format.

Observation: PUCCH format 2 may not be suitable for LAA SCell.

Suggestion 3: Consider to determine HARQ-ACK timing as follows:

· Alt. 1) Indication via scheduling DCI

· Alt. 2) Based on blind detection of CRS and/or common PDCCH in each subframe
· The combination of Alt. 1 and Alt. 2 can be considered.
Suggestion 4: HARQ-ACK codebook can contain HARQ-ACK bits corresponding to multiple subframes. To improve PUCCH transmission probability, consider to transmit HARQ-ACK related to a subframe via multiple subframes.
Suggestion 5: If HARQ-ACK timing can be determined based on blind detection of CRS and/or common PDCCH in each subframe (Alt. 2), the codebook of HARQ-ACK corresponding to multiple subframes can be configured in terms of subframe index, HARQ process number, or DAI.
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