[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Ad-hoc Meeting                                                                              R1-151134
Paris, France, 24th – 26th March 2015

Source: 	Ericsson
[bookmark: Title]Title:	On UCI Design for LAA
Agenda Item:	2.2
Document for:	Discussion and Decision
[bookmark: _Ref298777854]Introduction
In this contribution, we discuss some details of UL control signaling design for LAA operation.
UCI for LAA
The UL control signalling design for LAA depends first on whether or not the system is a DL-only LAA or an UL+DL LAA system.
DL-only LAA
For the case of DL-only LAA operation, it will be automatically ensured that the UCI is always sent on licensed carrier in the UL as there is no UL in the unlicensed spectrum. Specifically, the PUCCH is always transmitted on the PCell and the UCI, in case it is mapped to a PUSCH, is mapped to PUSCH transmission on a cell based on the Rel-12 prioritisation rules. It is further clear that for DL-only LAA transmission, the HARQ timing rules from Rel-12 FDD-TDD CA can be reused assuming that the LAA DL-only SCell is operated under the assumption that it is an FDD SCell. The applicable specification language for this may however be different if both DL+UL LAA and DL-only LAA should fit within the same description, e.g. the DL-only LAA cell may be not referred to as an FDD SCell. This could however be handled during the work item phase.
One aspect to be considered is that the capacity of the UCI feedback needs to be enhanced due to the aggregation of more carriers than Rel-12 since there could be a large number of unlicensed carriers in DL. In addition, it may be required to support PUCCH on secondary licensed cell(s). These enhancements shall be discussed and designed in the CA enhancement WI in Rel-13. 
Proposal:
· In case of DL-only LAA, the simplest approach is to reuse the Rel-12 UCI mapping and timing rules with additional enhancements that are applicable from FeCA WI within Rel-13
UL+DL LAA
In case of UL+DL LAA operation, there are a few different high level options to consider. 
The first option would be to assume that the Rel-12 UCI timing and mappings rules are reused with additional enhancements defined in the FeCA WI. To further analyze this, we have to study each UCI type separately, i.e. HARQ-ACK, periodic CSI and aperiodic CSI feedback. 
HARQ-ACK
HARQ-ACK feedback for DL transmissions will be mapped to PUCCH in absence of a PUSCH transmission on any carrier assuming that simultaneous PUSCH and PUCCH operation is not configured. Assuming the Rel-12 CA design, the PUCCH will be transmitted on the PCell. Assuming the Rel-13 FeCA design, the PUCCH can either be transmitted on the PCell or on an SCell configured with HARQ feedback for that specific LAA SCell. 
For the case when PUCCH is located on a licensed carrier and simultaneous PUCCH and PUSCH transmission is done it can be ensured that all the HARQ feedback always is transmitted on a licensed carrier. This in itself does not require any new specification change other than defining the HARQ timing in a similar manner as for a DL only LAA SCell. 
Observation
· For UL+DL LAA SCell operations, HARQ-ACK feedback can be ensured to be transmitted on a licensed carrier by reusing the CA framework from Rel-12. No additional specification impact in addition to that for supporting a DL-only LAA SCell is foreseen.
It is observed that if there is a large number of unlicensed carriers and a limited number of licensed carriers, it may be desirable to offload the UCI load from the licensed spectrum and transmit it on the unlicensed spectrum. This approach would require some specification changes and would therefore be required to be analyzed further. Here we provide some initial analysis on this topic. As a first point, it is desirable not to transmit the HARQ-ACK feedback for licensed carriers on the unlicensed spectrum. The reason is that the quality of unlicensed spectrum will be worse than the licensed spectrum. Furthermore, if the HARQ-ACK feedback is transmitted assuming LBT in the UL it may be delayed due to the fact that the UE may not have access to the channel. 
We further explore the alternative that UCI mapping on PUSCH is allowed on unlicensed LAA SCell. The first operational mode is to operate it without PUCCH on SCell and without PUCCH on an LAA SCell. In that case HARQ-ACK feedback will be mapped to PUCCH on Pcell in absence of PUSCH transmission. In case one or several PUSCH are transmitted, the UCI will map to the applicable PUSCH based on the Rel-12 mapping rules. In case the PUSCH that the UCI is mapped to is a licensed cell, there is, in general, no specific specification issue why this should not work. However if there are many unlicensed carriers and a limited amount of licensed spectrum it may be desirable to be able to map the UCI on the unlicensed spectrum to offload the licensed spectrum from an operational point of view. The first approach to achieve this is to configure the UE with PUCCH on at least one unlicensed SCell operating UL+DL LAA. The HARQ-ACK bits corresponding to the licensed carriers should be mapped by eNB configuration towards the PUCCH on the licensed PCell or any licensed additional PUCCH on SCell (if it exists). For the PUCCH on unlicensed carrier the HARQ-ACK bits that are associated with only unlicensed carriers can be mapped on some of them. Based on these mappings to PUCCH groups the HARQ-ACK feedback mechanisms can be defined for unlicensed carrier assuming that HARQ-ACK feedback is transmitted there. In addition, it is highly desirable from a HARQ-ACK feedback point of view that HARQ-ACK feedback is only associated with an aperiodic CSI report within its own group of cells and is not associated with an UCI transmission for another group. This to ensure that the HARQ-ACK feedback from licensed carriers is not mapped to an unlicensed carrier PUSCH UCI transmission.
Observation:
· Operating with HARQ-ACK feedback on an unlicensed carrier is a way to offload the HARQ-ACK load on licensed carriers.
· The starting point for a design supporting HARQ-ACK feedback transmission on an LAA SCell is to operate with a PUCCH on an SCell configured as an LAA SCell. 
· The design for PUCCH on SCell can potentially be reused from the FeCA Rel-13 WI.
· Multiplexing of HARQ-ACK feedback on PUSCH should be only within each PUCCH group
· This is to ensure that HARQ-ACK feedback from licensed carriers are not transmitted on an unlicensed carrier
In case HARQ-ACK is transmitted on an unlicensed carrier, the HARQ-ACK design is very much dependent on the LBT procedure of UL transmission in LAA. It could be problematic due to the fact that UE may not have the access to the channel when HARQ-ACK needs to be transmitted. We discussed several alternatives of LBT for UL transmission in our companion contribution [1], where LBT could either be mandatory, optional or not required for all UEs in the UL. 
If UL LBT is mandatory, UE may not have channel access when HARQ-ACK needs to be transmitted. For DL HARQ, it has been agreed in RAN2#89 meeting that moving HARQ processes between cells is not supported due to additional complexity and a limited (if any) gain. Therefore, in case of no channel access for transmitting DL HARQ on the unlicensed carrier, a RLC retransmission can be triggered directly by the eNB.
Proposal
· In case of no channel access for transmitting DL HARQ on the unlicensed carrier, eNB can trigger a RLC retransmission.
If UL LBT is not mandatory, for example, due to that the UE is transmitting short control information in the UL or due to that the eNB can perform LBT and hold the channel for UEs within maximum channel occupancy time as discussed in our companion contribution [1], the UE can for the latter case have channel access in the UL for the remaining subframes to transmit UCI including DL HARQ and CSI feedback. In Wi-Fi, Reverse Direction Grant (RDG) is used so that one STA could grant the channel to another STA within the transmit opportunity (TXOP) [3]. Similar approach can be applied in LAA. However, the scheduling delay and HARQ processing delay of 4ms in LAA should be considered. In LTE, DL HARQ is transmitted by the UE 4ms after the reception of PDSCH transmission. 
An example of UL transmission without UL LBT is illustrated in Figure 1. In this example, eNB performs DL CCA to occupy the channel for a TXOP of 8ms. At subframe n, eNB releases DL channel and UE can access the channel for the remaining time of the TXOP, i.e., subfram n to n+3. The UL transmissions are scheduled by eNB using DCI on (E)PDCCH during DL transmission period. In this example, 4 UL subframes are scheduled for the remaining subframes of TXOP after DL data transmission and therefore there is enough time budget to feedback the DL HARQ or report aperiodic CSI on the UL subframes. However, when there are not enough UL subframes and/or TXOP is short (e.g. 4ms as per Japanese regulation), LTE scheduling delay and HARQ delay of 4ms will be a problem and UCI transmission may not be transmitted due to lack of channel access. Therefore, the solution should be carefully studied. 
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[bookmark: _Ref413867370]Figure 1 Example of UL transmission without UL LBT, TXOP=8ms.
In the following, we consider the alternatives for DL HARQ feedback without UL LBT.
The first alternative is to transmit HARQ-ACK feedback without LBT, this could be a fair assumption to make if it is so that data from the UE on PUSCH requires LBT, to ensure a low delay on the HARQ-ACK feedback. In case the HARQ-ACK feedback is transmitted on PUCCH the overhead of HARQ-ACK feedback would exceed 5% of the transmission duration in time due to that PUCCH is transmitted within 1 ms period. One could for example assume that the PUCCH is shortened to be only transmitted on a single slot. This would however still assume TxOP of 10 ms in order for the HARQ-ACK feedback to correspond to only 5% overhead in time. Assuming that overhead in time should not exceed 5% of the total transmission duration it would be of interest to study a significantly shortened PUCCH format. Such an approach could be further derived within the SI on latency reduction when RAN1 studies latency reductions. 
Assuming that PUSCH requires LBT procedure when the corresponding PUSCH contains data, the HARQ-ACK feedback mechanism can, by implementation, be supported as follows. If there is only a single unlicensed carrier, it would be possible for the UE to have prepared PUCCH transmission or PUSCH transmission. Assuming that the UE is successful in accessing the channel the UE transmits the PUSCH data multiplexed with the HARQ-ACK feedback as UCI. If the UE is not successful in accessing the channel via LBT for PUSCH transmissions, the UE transmits HARQ-ACK on PUCCH instead of multiplexing on PUSCH by assuming no LBT for the PUCCH. If the same concept is extended to more than a single unlicensed carrier, the HARQ-ACK feedback on PUSCH could be allowed to be transmitted on multiple UL carriers, HARQ-ACK transmission is always associated with a single carrier on PUSCH only, this could for example be the same carrier as the PUCCH is transmitted on, it could alternatively be the carrier with highest or lowest cell index as well. If the UE is requested to report aperiodic CSI in the same subframe, this PUSCH could be the carrier on which aperiodic CSI report is requested to be transmitted on.
Proposal
· If data on PUSCH requires an LBT procedure on the UE side, it is of interest to provide a mechanism in the standard to provide HARQ-ACK feedback on at least PUCCH without LBT
· Such a design may require a significantly shortened PUCCH format. This can be further studied within the latency reduction SI, if there is not sufficient time within the LAA SI.
· If the UE fails to access the channel for one or multiple LAA SCells, a PUCCH is transmitted by the UE without LBT
Periodic CSI
Considering periodic CSI feedback, it is discussed in our companion contribution [2] that it is not necessary to support periodic CSI reports on LAA SCell due to the limited resolution and application. If, however, periodic CSI reporting is supported, the same principle as for HARQ-ACK feedback can be reused.
Proposal
· Periodic CSI reporting is not supported for an LAA SCell
Aperiodic CSI
Finally we consider how to support aperiodic CSI reporting for an LAA SCell. If we operate with DL-only LAA SCell, all the aperiodic CSI feedback will be reported on a licensed carrier based on the Rel-12 specification and assuming any additional enhancements from the FeCA Rel-13 WI. Similar to the HARQ-ACK feedback, the reporting timing framework in Rel-12 can be reused and no additional specification work is foreseen when considering the timing of when the aperiodic CSI is reported. However, how the UE does its measurements will be impacted by an LAA SCell and is further described in our companion contribution [2].
Proposal
· The reporting timing of aperiodic CSI reporting for DL-only LAA SCells is not foreseen to have any specification impact and the design from Rel-12 and enhancements from Rel-13 FeCA WI can be directly reused. 
Similar as the case of HARQ-ACK feedback, it is of interest to be able to offload the licensed spectrum carrier in case the amount of licensed spectrum is limited and there is a significant amount of unlicensed spectrum aggregated by the UE. This assumes that the UE supports UL+DL LAA operation. Furthermore, similar as the HARQ-ACK design described above, it is of interest to provide the UE with the possibility to report the aperiodic CSI reporting for licensed spectrum on carrier operating in licensed spectrum and aperiodic CSI reports for unlicensed spectrum on carriers operating on the unlicensed spectrum. Consequently there is a need to add support for multiple aperiodic CSI reports in the UL compared to the Rel-12 standard. The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused. Further it is desirable to be able to configure different reporting sets associated with different carriers so as to enable a smaller reporting set per group of carriers. 
Observation
· The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused
Proposal
· In order to support aperiodic CSI reporting on LAA SCells, the following support should be added
· Simultaneous reporting of aperiodic CSI on multiple SCells should be allowed
· Different carrier sets within the aperiodic reporting set for CA
Furthermore, CSI feedback is considered to be control information and hence in case UL LBT is required for data transmission on PUSCH, it is desirable to support UCI only transmission on PUSCH without LBT if the control signalling doesn’t exceed 5% of the total transmission time. Similar to the previously discussed HARQ-ACK feedback design, the transmission periodicity of aperiodic CSI and potential HARQ-ACK feedback may exceed 5% channel occupancy in time due to the length of a PUSCH transmission being 1 ms long. Hence, it is of interest to provide a shortened PUSCH TTI to allow a lower percentage of channel occupancy in time. This may require significant work, so if there is no time to conduct this work within the LAA SI it is proposed to further study this within the SI on Latency reduction.
Proposal
· If data on PUSCH requires an LBT procedure on the UE side, it is of interest to provide a mechanism in the standard to provide UCI-only transmission on PUSCH without requiring LBT
· Such a design may require a significantly shortened PUSCH. This can be further studied within the latency reduction SI, if there is not sufficient time within the LAA SI.
Conclusions
In this contribution, we discussed potential solutions for UCI design in LAA. The above discussion is summarized with the following observation and proposal:
Observations:
· For UL+DL LAA SCell operations, HARQ-ACK feedback can be ensured to be transmitted on a licensed carrier by reusing the CA framework from Rel-12. No additional specification impact in addition to that for supporting a DL-only LAA SCell is foreseen
· Operating with HARQ-ACK feedback on an unlicensed carrier is a way to offload the HARQ-ACK load on licensed carriers.
· The starting point for a design supporting HARQ-ACK feedback transmission on an LAA SCell is to operate with a PUCCH on an SCell configured as an LAA SCell. 
· The design for PUCCH on SCell can potentially be reused from the FeCA Rel-13 WI.
· Multiplexing of HARQ-ACK feedback on PUSCH should be only within each PUCCH group
· This is to ensure that HARQ-ACK feedback from licensed carriers are not transmitted on an unlicensed carrier
· The reporting timing from Rel-12 TDD-FDD CA assuming LAA SCell that carries the report is an FDD cell can be reused

Proposals:
· In case of DL-only LAA, the simplest approach is to reuse the Rel-12 UCI mapping and timing rules with additional enhancements that are applicable from FeCA WI within Rel-13
· In case of no channel access for transmitting DL HARQ on the unlicensed carrier, eNB can trigger a RLC retransmission.
· If data on PUSCH requires an LBT procedure on the UE side, it is of interest to provide a mechanism in the standard to provide HARQ-ACK feedback on at least PUCCH without LBT
· Such a design may require a significantly shortened PUCCH format. This can be further studied within the latency reduction SI, if there is not sufficient time within the LAA SI.
· If the UE fails to access the channel for one or multiple LAA SCells, a PUCCH is transmitted by the UE without LBT
· Periodic CSI reporting is not supported for an LAA SCell
· The reporting timing of aperiodic CSI reporting for DL-only LAA SCells is not foreseen to have any specification impact and the design from Rel-12 and enhancements from Rel-13 FeCA WI can be directly reused. 
· In order to support aperiodic CSI reporting on LAA SCells, the following support should be added
· Simultaneous reporting of aperiodic CSI on multiple SCells should be allowed
· Different carrier sets within the aperiodic reporting set for CA
· If data on PUSCH requires an LBT procedure on the UE side, it is of interest to provide a mechanism in the standard to provide UCI-only transmission on PUSCH without requiring LBT
· Such a design may require a significantly shortened PUSCH. This can be further studied within the latency reduction SI, if there is not sufficient time within the LAA SI.
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