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Introduction
In RAN1 #84 meeting [1], the following agreements on the transmission of uplink control information (UCI) have been made:
· 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 design details of UCI transmission on an LAA SCell. Specifically, the design aspects including content, waveform, LBT method, triggering method and transmission schemes of PUCCH are discussed.
UCI Transmission on an LAA SCell
In Rel-13 CA framework with configured secondary PUCCH cell group (CG), the UCI transmission in the secondary PUCCH CG includes the following two cases:
· If PUSCH is not scheduled on any SCell within the CG or PUSCH is scheduled and simultaneous PUSCH and PUCCH transmission is configured, UCI is transmitted over PUCCH on the PUCCH SCell, where PUCCH SCell refers to the SCell configured with PUCCH;
· If PUSCH is scheduled on SCell within this CG and simultaneous PUSCH and PUCCH transmission is not configured, UCI is transmitted over PUSCH scheduled on the SCell.
Given that it is beneficial to offload UCI from licensed carrier, especially in CA scenario 4, we propose to extend the above framework to eLAA:
· Besides the PUCCH CG consisting of PCell and possibly LAA SCells, a secondary PUCCH CG consisting of only LAA SCells can be supported, referred as LAA PUCCH CG in this contribution. The motivation to support such an LAA SCell only PUCCH CG is as follows. 
The agreement that the HARQ-ACK for serving cells on licensed carriers cannot be transmitted on an LAA SCell implies that the UCI related to the cells on licensed carriers can only be transmitted on licensed carriers. Thus, for a PUCCH CG including licensed carriers, a licensed carrier must be configured with PUCCH to carry the UCI for licensed carriers of this PUCCH CG. This cannot achieve the benefit of offloading from licenced carriers to unlicensed carriers. Therefore, we propose to support PUCCH CG consisting of only LAA SCells, as illustrated in Figure 1. In this framework, the PUCCH CG can be a CG containing PCell, SCells operating in licensed spectrum and/or LAA SCells, or a CG containing only LAA SCells.
· For a second PUCCH CG with PUCCH on a LAA SCell, The UCI for LAA SCells in a secondary PUCCH CG can be transmitted over PUCCH on PUCCH SCell if no PUSCH is scheduled on any SCell within the PUCCH CG, or can be transmitted over PUSCH if PUSCH is scheduled on a SCell within the PUCCH CG. 
Proposal 1: We suggest the following UCI transmission scheme:
· Besides the PUCCH CG consisting of PCell and possibly LAA SCells, a secondary PUCCH CG consisting of only LAA SCells is supported.
· The UCI for a secondary PUCCH CG can be transmitted over PUCCH on PUCCH SCell if no PUSCH is scheduled on any SCell within the PUCCH CG or PUSCH is scheduled and simultaneous PUSCH and PUCCH transmission is configured, or can be transmitted over PUSCH if PUSCH is scheduled on a SCell within the PUCCH CG and simultaneous PUSCH and PUCCH transmission is not configured.


[bookmark: _Ref447218921]Figure 1. Illustration of PUCCH CG structure. The PUCCH CG with PUCCH configured on a licensed cell can contain both SCells operating on licensed and unlicensed spectrum. On the other hand, the PUCCH CG with PUCCH configured on an unlicensed cell can contain only LAA SCells.
PUCCH Design for eLAA
In this section, we discuss the design details of PUCCH on LAA SCells. We begin by enumerating the main purposes of PUCCH as below.
PUCCH Contents
The PUCCH on an LAA SCell can carry the following UCI related to unlicensed carriers within the LAA PUCCH CG:
· Scheduling request (SR);
· HARQ ACK feedback in response to DL data reception on unlicensed carriers within the LAA PUCCH CG;
· CSI (CQI, RI, PMI) feedback.
Proposal 2: The PUCCH on LAA SCells carries UCI including SR, HARQ ACK feedback and/or CSI report.
PUCCH Waveform and Types
As introduced in our companion contribution [2], the UL waveform should abide by the bandwidth occupancy regulation. Thus, we propose to use the same waveforms for PUCCH and PUSCH transmission. Specifically, interlaced RB assignment with random RB hopping as proposed in [2] can be considered for the PUCCH waveform design. 
Various types of PUCCH with different durations can be considered:
· To reduce the overhead, especially in cases with heavy DL traffic, it is desirable to have shortened PUCCH with duration less than one subframe. The shortened PUCCH can locate in the special subframe and can reuse UpPTS structure, as illustrated in Figure 2. Alternatively, the UpPTS structure can be extended to longer duration if more symbols are needed for the shortened PUCCH. The preceding symbols within the same subframe can be used for DL transmission, where DwPTS structure can be used, which follows the design of ending partial DL subframe in Rel-13 LAA.
· To support large UCI payload and to facilitate flexible allocation of PUCCH transmission, PUCCH with duration of one full subframe can be supported. Such PUCCH can be configured in any UL subframe, and can be multiplexed with PUSCH in frequency domain. 


[bookmark: _Ref447218895]Figure 2. Illustration of shortened PUCCH.
To improve the capacity of each PUCCH transmission, PUCCH from different UEs can be multiplexed over code domain (e.g., via OCC). 
Proposal 3: PUCCH waveform is based on interlaced RB assignment with random RB hopping.  
Proposal 4: Both shortened PUCCH with duration less than one subframe and PUCCH with duration of a full subframe are supported. 
· Shortened PUCCH locates in the special subframe, where UpPTS is considered as the baseline structure. Extension of UpPTS structure to longer duration can be considered if more symbols are needed for the shortened PUCCH. 
· PUCCH with duration of a full subframe can locate in any UL subframe, and can be frequency multiplexed with PUSCH.
LBT Method for PUCCH Transmission
Given that the shortened PUCCH is located in the special subframe, where the preceding symbols within the subframe can be used for DL, the shortened PUCCH transmission would be within TxOP. Thus, the single interval LBT is proposed for shortened PUCCH. On the other hand, the PUCCH with duration of a full subframe has PUSCH-like structure, so we propose to use the LBT method that is the same as the LBT method for PUSCH.
Proposal 5: The shortened PUCCH transmission is subject to a single interval LBT, if contained in existing TxOP. The LBT method for PUCCH with duration of a full subframe follows the LBT method for PUSCH, which may depend on whether the UL subframe is within or outside a TxOP.
Triggering Method for PUCCH
Given the flexible operation of LAA, where any subframe can be DL or UL, we propose to dynamically trigger the PUCCH resources. In other words, the resources for both shortened PUCCH and PUCCH with duration of a full subframe can be allocated dynamically. The resource allocation can be indicated via DCI, and both of the following indication methods can be considered: DCI carrying UL grant, and C-PDCCH. 
More specifically, in the time domain, the DCI can indicate when the PUCCH resources are available. The UEs with outstanding HARQ-ACK feedback can transmit the UCI carrying all outstanding HARQ ACK feedback at the earliest available PUCCH resources indicated by DCI, if no PUSCH is scheduled. Also, one possible method that eNB controls the timeline of PUCCH transmission and further delay of HARQ ACK feedback via indication of DCI, can be considered.
In the frequency domain, the following resource allocation methods can be considered.
· The resource allocation can be dynamically configured. One resource allocation method can be similar to legacy LTE, which can be implicitly indicated by the first CCE of corresponding PDCCH or explicitly indicated by ARI carried in DCI. A new mapping between the first CCE/ARI and the interlace index for PUCCH transmission needs to be defined. In this method, the eNB needs to coordinate the resource allocation indication among multiple subframes that are scheduled to the same UE and among multiple scheduled UEs to avoid PUCCH resource collision.
· Another method is to configure the PUCCH resources semi-statically, via e.g. RRC signalling. In this method, the resources may not be efficiently utilized, since some UEs may not have UCI to transmit but are configured with PUCCH resources. 
Proposal 6: The PUCCH resources are dynamically triggered via DCI:
· In the time domain, UEs with outstanding HARQ ACK feedback transmit over the earliest available PUCCH resources indicated by DCI, if no PUSCH is scheduled. Moreover, the following method can also be considered: eNB dynamically configures the timeline of UCI transmission, where further delay for HARQ ACK feedback is possible in this method via DCI indication.
· In the frequency domain, the following PUCCH resource allocation can be considered:
· PUCCH resource allocation is dynamically configured, e.g., similar to legacy LTE, which can be implicitly indicated by the first CCE of corresponding PDCCH or explicitly indicated by ARI.
· PUCCH resource allocation is semi-statically configured, e.g., via RRC signaling. 
PUCCH Transmission Schemes
Each DCI for PUCCH resource allocation can trigger one exact PUCCH transmission opportunity. In this method, the eNB knows the exact timeline between the potential PUCCH transmission and the corresponding PDSCH transmission, similar to the legacy LTE system. However, the transmission opportunity of PUCCH may be limited due to LBT.
To increase the transmission opportunity of PUCCH and thus to reduce the latency of UCI transmission, the following methods can be considered:
· Each DCI triggers multiple PUCCH transmission opportunities, and PUCCH can be transmitted in one of these transmission opportunities, depending on channel availability. In other words, a transmission window for PUCCH is defined. UE keeps attempting PUCCH transmission until LBT succeeds or the transmission window expires. The transmission window can be considered as an absolute time in unit of ms, or can count only the available UL subframes for PUCCH transmission. The length of transmission window can be semi-statically configured via higher layer signalling, or be dynamically configured via DCI. In this method, the transmission opportunity of PUCCH is increased, but eNB needs to blindly detect the presence of PUCCH transmission within the transmission window, which may result in increased complexity at eNB. 
· PCell can be considered as a fallback if UE fails to grab the channel on LAA SCells. The fallback operation can be triggered when UE fails PUCCH transmission attempts for a certain duration, or for a certain number of consecutive PUCCH transmission opportunities. 
For the resource allocation of the fallback operation, PCell can reserve some periodic resources for PUCCH fallback operation as illustrated in Figure 3 a), or dynamically allocate resources for UCI transmission over PUCCH/PUSCH on PCell as illustrated in Figure 3 b). While the latter method (Figure 3 b)) requires additional signalling overhead for dynamical resource allocation, the former method (Figure 3 a)) occupies more resources on PCell, which may result in less efficient resource utilization and limited offloading gain. Recalling that one main motivation to configure PUCCH on LAA SCells is to offload from PCell, we thus prefer the latter method for fallback operation, where resources for fallback UCI transmission is dynamically configured. 
· Multiple SCells within the LAA PUCCH CG can be configured with PUCCH resources. UE can perform LBT simultaneously on these SCells and transmit PUCCH on any one of the SCells whose channel is sensed to be idle, as shown in Figure 4. A selection rule can be pre-defined to cases where multiple SCells are sensed to be idle. For example, the SCell with smaller cell index can have higher priority to be selected. 
In this method, no PCell resources are needed for UCI transmission related to LAA SCells, which improves the offloading gain compared to the above fallback method, but more resources are occupied on LAA SCells for each PUCCH transmission, and eNB needs to blindly detect where the PUCCH is transmitted, which may result in high complexity at eNB.


a) Periodic resources are reserved at PCell for the PUCCH transmission routed from SCell. 


b) PCell can dynamically schedule the UCL transmission over PUSCH/PUCCH in Pcell.
[bookmark: _Ref447218750][bookmark: _Ref447218739]Figure 3. Illustration of PUCCH fallback operation to PCell. The PUCCH transmission window size is set to be three PUCCH transmission opportunities as an illustrative example. 



[bookmark: _Ref447218820]Figure 4. Illustration of PUCCH configuration in eLAA, where PUCCH is configured on multiple LAA SCells. UE performs LBT simultaneously at these unlicensed carriers, and PUCCH will be transmitted at the carrier whose channel is sensed to be idle. The PUCCH transmission window size is set to be three PUCCH transmission opportunities as an illustrative example.
Proposal 7: We suggest to consider the following PUCCH transmission schemes:
· Each DCI for PUCCH resource allocation triggers one PUCCH transmission opportunity. 
· Each DCI for PUCCH resource allocation triggers multiple PUCCH transmission opportunities, and PUCCH is transmitted in one of these transmission opportunities subject to LBT. The PUCCH transmission window (i.e. the set of PUCCH transmission opportunities) can be consecutive in unit of absolute time, or distributed only taking into account the available UL subframes for PUCCH transmission.
· UE transmits PUCCH over PCell as a fallback if it fails to grab the channel on LAA SCells. The resources for fallback UCI transmission over PUCCH/PUSCH on PCell are dynamically allocated by PCell.
· Multiple SCells within the LAA PUCCH CG are configured with PUCCH resources, and PUCCH can be transmitted on any one of these SCells if its channel is sensed to be idle. 
Conclusion
In this contribution, we discussed the UCI transmission in eLAA systems and made the following proposals. 
Proposal 1: We suggest the following UCI transmission scheme:
· Besides the PUCCH CG consisting of PCell and possibly LAA SCells, a secondary PUCCH CG consisting of only LAA SCells is supported.
· The UCI for a secondary PUCCH CG can be transmitted over PUCCH on PUCCH SCell if no PUSCH is scheduled on any SCell within the PUCCH CG or PUSCH is scheduled and simultaneous PUSCH and PUCCH transmission is configured, or can be transmitted over PUSCH if PUSCH is scheduled on a SCell within the PUCCH CG and simultaneous PUSCH and PUCCH transmission is not configured.
[bookmark: _GoBack]Proposal 2: The PUCCH on LAA SCells carries UCI including SR, HARQ ACK feedback and/or CSI report.
Proposal 3: PUCCH waveform is based on interlaced RB assignment with random RB hopping.  
Proposal 4: Both shortened PUCCH with duration less than one subframe and PUCCH with duration of a full subframe are supported. 
· Shortened PUCCH locates in the special subframe, where UpPTS is considered as the baseline structure. Extension of UpPTS structure to longer duration can be considered if more symbols are needed for the shortened PUCCH. 
· PUCCH with duration of a full subframe can locate in any UL subframe, and can be frequency multiplexed with PUSCH.
Proposal 5: The shortened PUCCH transmission is subject to a single interval LBT, if contained in existing TxOP. The LBT method for PUCCH with duration of a full subframe follows the LBT method for PUSCH, which may depend on whether the UL subframe is within or outside a TxOP.
Proposal 6: The PUCCH resources are dynamically triggered via DCI:
· In the time domain, UEs with outstanding HARQ ACK feedback transmit over the earliest available PUCCH resources indicated by DCI, if no PUSCH is scheduled. Moreover, the following method can also be considered: eNB dynamically configures the timeline of UCI transmission, where further delay for HARQ ACK feedback is possible in this method via DCI indication.
· In the frequency domain, the following PUCCH resource allocation can be considered:
· PUCCH resource allocation is dynamically configured, e.g., similar to legacy LTE, which can be implicitly indicated by the first CCE of corresponding PDCCH or explicitly indicated by ARI.
· PUCCH resource allocation is semi-statically configured, e.g., via RRC signaling. 
Proposal 7: We suggest to consider the following PUCCH transmission schemes:
· Each DCI for PUCCH resource allocation triggers one PUCCH transmission opportunity. 
· Each DCI for PUCCH resource allocation triggers multiple PUCCH transmission opportunities, and PUCCH is transmitted in one of these transmission opportunities subject to LBT. The PUCCH transmission window (i.e. the set of PUCCH transmission opportunities) can be consecutive in unit of absolute time, or distributed only taking into account the available UL subframes for PUCCH transmission.
· UE transmits PUCCH over PCell as a fallback if it fails to grab the channel on LAA SCells. The resources for fallback UCI transmission over PUCCH/PUSCH on PCell are dynamically allocated by PCell.
· Multiple SCells within the LAA PUCCH CG are configured with PUCCH resources, and PUCCH can be transmitted on any one of these SCells if its channel is sensed to be idle. 
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