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At the RAN1 #84bis meeting, whether PUCCH on unlicensed carrier is supported at this stage and how to transmit the UCI including aperiodic CSI and HARQ-ACK on PUSCH of LAA SCell(s) were discussed. Progress was made with following working assumption and agreements:
Agreement:
· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item
· The introduction of PUCCH at a later stage in Rel-14 is not precluded
Agreement:
· Transmission of aperiodic CSI on an LAA SCell is supported at least for aperiodic CSI for an unlicensed carrier
· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported
· FFS the conditions for aperiodic CSI only on an LAA SCell
· Transmission of periodic CSI on an LAA SCell is not supported within the current scope of the eLAA work item
· The introduction of periodic CSI on an LAA Scell at a later stage in Rel-14 is not precluded
Working assumptions:
· eLAA supports transmission of UCI including at least HARQ-ACK on PUSCH within a “UCI cell group” consisting of only LAA SCells at least for self-scheduling
· No PUCCH on any SCell in the UCG
· This cell group is not referring to a PUCCH cell group
· FFS: Timing relationship between DL transmissions and HARQ-ACK
· FFS: Whether the UCI cell group can also include an SCell in the licensed band
· All HARQ-ACKs for SCells within the UCI cell group are always carried on PUSCH on one or more SCells within the UCI cell group when the UCI cell group is configured
In this contribution, we discuss the open issues left over in the working assumption and agreement at the last meeting. Moreover, we also share our views on some other aspects regarding UCI transmission, such as the DL HARQ codebook size and restriction on A-CSI reporting. Our views on channel access scheme of UCI only transmission are also shown.
Left-over issues about UCI cell group
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The concept of “UCI cell group” 
In the email discussion about UCI transmission [1], there were concerns raised regarding confirmation of this working assumption as an agreement, considering the possibility of introducing PUCCH in the later stage and the uncertainty of its functionalities and exact operation of the FFS issues. For the first concern, even if PUCCH and PUCCH cell group (PCG) is introduced for LAA SCells in the future, we should not preclude the feasibility of offloading UCI transmission on PUSCH when the PUCCH on SCell is not configured. For example, when it is not appropriate to hardly split both HARQ ACK and A-CSI between licensed cells and LAA SCells, the UCG may work better than PUCCH cell group since it only hardly splits the HARQ ACK between licensed cells and LAA SCells. Secondly, we agree that the FFS issues need to be solved in the end and the following parts will shed our views on them. Besides, except for the FFS issues, the principle of introducing the UCG to transmit at least HARQ-ACK on PUSCH on LAA SCell is agreeable.
Proposal 1:  Confirm current working assumption regarding “UCI cell group” without FFS issues as an agreement.
Timing relationship between DL transmission and HARQ-ACK
According to legacy PDSCH reception and decoding procedure, 4 ms is required and fixed between DL grant and HARQ-ACK feedback. Even though the opportunity of UCI transmission on LAA SCells is highly dependent on the channel congestion status, it is not practical to shorten the minimum delay to be less than 4 ms just to increase the transmission possibility since the UE complexity in decoding will be greatly increased in consequence. On top of that, the HARQ-ACK feedback could be deferred/repeated to prevent possibly unsuccessful UL transmission due to LBT failure as long as the “4 ms” principle is obeyed. The number of subframes one specific HARQ-ACK could be deferred/repeated should be up to eNB’s decision and indication.
Proposal 2:  The minimum time duration between DL transmission and HARQ-ACK should be 4 ms; besides, the deferral/repetition of HARQ-ACK transmission (with certain limitation on duration) should be supported.
As shown in Figure 1, different from UL-SCH transmission, there should be more transmission opportunities for HARQ ACK to prevent the possible loss due to UL LBT failure. Meanwhile, in order to keep low UE complexity in packaging the UCI w/ or w/o UL-SCH in PUSCH, the encoding procedure in specific subframe should not be affected by the LBT result in preceding subframes.
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Figure 1 Deferral period of HARQ ACK transmission.
Therefore, it is better to fix the repetition number of the HARQ ACK transmissions, i.e. the understanding of the length of period when HARQ ACK will be transmitted / received should be aligned between eNB and UE. For example, X ms is configured in higher layer signaling, with the definition of maximum “life-time” of one specific HARQ process number in the unit of subframe, starting from the first scheduled UL subframe for transmitting the HARQ ACK for this process. As a result, certain HARQ ACK could be transmitted in multiple subframes and it is not related whether any of them is failed in LBT or not. The value of X could be adjusted according to different channel congestion status.
Proposal 3:  The deferral/repetition period of specific HARQ process is configurable by higher layer signaling.
Licensed carrier(s) in UCI cell group.
When the integration of licensed carriers in UCI cell group is discussed, we would like to consider the situation by using different assumptions of PUCCH availability on the licensed carriers. If the PUCCH is configured, the most direct way is to adopt the legacy concept of PCG to avoid any unnecessary design for the same target. On the other hand, if the PUCCH is not configured, surely some new discipline is required to restrict the HARQ ACK of cells within UCG to be only transmitted on the PUSCH in certain cell in this UCG. Since it was agreed that “Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported” at the RAN1 #84 meeting, we should be very careful on the design of UCI transmission to avoid the  HARA ACK transmission of a licensed carrier on an unlicensed carrier even in this newly introduced UCG. Therefore, it is much simpler to leave all the licensed carriers outside the UCG.
Proposal 4:  If UCI cell group is introduced, it should not contain any licensed carrier.
HARQ codebook size
Although this issue had been discussed in Rel-13 eCA and both fixed and dynamic HARQ codebook sizes were agreed then, the conclusion could still be possibility different by considering the unique features of eLAA UL such as the deferral/repetition period of UL transmission and UCI transmission on PUSCH instead of PUCCH in UCG. According to the email discussion [1], there are overall 3 optional solutions identified to decide the HARQ codebook size. In this section, we provide our views on these alternative solutions.
According to configuration of deferral/repetition period as described in Section 2, the maximum number of HARQ processes to be acknowledged from the UE side could be deduced from the value of X. Therefore, as long as the HARQ codebook size could cover all these process across all the configured LAA SCells within the UCG, it can basically work in function. Bearing this in mind, we further discuss the 3 solutions considering the tradeoff between PUSCH efficiency and robustness in the understanding of codebook size.
Solution 1: Fixed codebook size to feedback all configured HARQ processes possibly within a group and with triggering
Maximum number of HARQ processes (e.g.16) and number of unlicensed carriers (i.e.31) can surely provide the highest robustness at the cost of large PUSCH payload size. However, in time domain, the affordable number of HARQ processes to be transmitted on PUSCH could just be restricted by the value of X as explained above so as to reduce the PUSCH payload size. For example, as shown in Figure 2, when X=9is configured for a UCG with N CCs, the HARQ codebook size for this group could be adjusted to 9*N bits.
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Figure 2 Solution 1 with Xms of deferral period
Solution 2: Transmission of HARQ-ACKs according to the current timing relationship without transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure
As explained in Section 2, deferring HARQ-ACK is anyway required due to the likely UL LBT failure. Therefore, we do not think solution 2 is adequate for eLAA UL operation.
Solution 3: Transmission of HARQ-ACKs according to the current timing relationship with transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure
As shown in the other example in Figure 3, the codebook size could be also be dynamically changed according to the actually scheduled DL subframes even if the deferral/repetition period (X) is considered. Then, the benefit of solution 3 over solution 1 is only dynamic payload size over semi-static payload size. Therefore, comparing solution 1 and 3, we still prefer 1 since its simpler and the benefit of 3 seems marginal when PUSCH on unlicensed carrier is assumed for UCI transmission.
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Figure 3 Solution 3 with Xms of deferral period
Proposal 5:  Solution 1, i.e. fixed codebook size to feedback all configured HARQ processes possibly within a group and with triggering, should be adopted to decide the HARQ codebook size.
Simultaneous HARQ feedback transmission
PUCCH vs. PUSCH on LAA SCell 
If simultaneous PUCCH and PUSCH is not enabled, as a conventional method, when HARQ ACK is triggered and PUSCH is scheduled on certain SCell, the HARQ ACK should be placed at the this PUSCH. In order to avoid the case that HARQ ACK for licensed cell is transmitted on PUSCH on LAA SCell when UCI cell group is not configured, simultaneous PUCCH and PUSCH transmission should be always enabled as long as an UL LAA SCell is configured.
Proposal 6:  Simultaneous PUCCH and PUSCH transmission is always enabled for eLAA UL operation.
PUSCH on LAA SCells
When multiple PUSCHs are scheduled on different LAA SCells simultaneously at certain subframe and the HARQ ACK feedback is triggered, we need to decide which PUSCH should be used to send the HARQ ACK bits. In this case, we propose that one special LAA SCell, namely XSCell, is configured by higher layer signaling, and this XSCell is assumed to always scheduled when HARQ ACK is triggered, as shown by an example  in Figure 4.
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Figure 4 Configuration of LAA XSCell
Moreover, in order to increase the success possibility of HARQ ACK transmission, it is not prevented that the HARQ ACK bits are transmitted on the scheduled PUSCHs other than XSCell. However, the HARQ ACK transmission should not be dynamically jumping across the scheduled PUSCH according to the LBT results to avoid the possible UE complexity. 
Proposal 7: A special LAA SCell, i.e. XSCell, should be configured in higher layer signaling as a cell where PUSCH is always scheduled when HARQ ACK is triggered within one UCG; transmission of HARQ-ACKs for unlicensed cells within one UCG on one or more LAA SCells should be supported.
A-CSI reporting on LAA SCells
According to current A-CSI reporting configuration defined in Rel-13 eCA, multiple CSI sets are configured which could contain at most 32 CSI processes including the LAA SCells, and a 3-bits A-CSI request field in DCI is used to trigger one set of A-CSI reporting. As agreed at the last meeting, A-CSI reporting could be triggered on an LAA SCell at least for aperiodic CSI for an unlicensed carrier. However, it is not precluded that certain set of CSI processes which contains both licensed carriers and unlicensed carriers, or evenlicensed carriers only, is triggered on specific LAA SCell. In our opinion, it is not preferable to take the risk of transmitting any UCI for licensed carriers on LAA SCells. Therefore, a principle should be agreed on top of current agreements, capturing that any set of CSI process containing A-CSI for any licensed cell should not be triggered on LAA SCells.
Proposal 8: Agree the principle that any set of CSI process containing A-CSI for any licensed cell should not be triggered on LAA SCells.
Channel access for UCI only transmission
Since the UCI transmission should be more robust than data transmission, it is preferred that fast channel access mechanism is supported at least for UCI only transmission as described in our companion contribution [2].
Proposal 9: Fast channel access mechanism is preferred at least for UCI only transmission.
Conclusion 
In this contribution, we have discussed on the UCI transmission schemes on LAA SCell. We made the following proposals. 
Proposal 1:  Confirm current working assumption regarding “UCI cell group” without FFS issues as an agreement.
Proposal 2:  The minimum time duration between DL transmission and HARQ-ACK should be 4 ms; besides, the deferral/repetition of HARQ-ACK transmission (with certain limitation on duration) should be supported.
Proposal 3:  The deferral/repetition period of specific HARQ process is configurable by higher layer signaling.
Proposal 4:  If UCI cell group is introduced, it should not contain any licensed carrier.
Proposal 5:  Solution 1, i.e. fixed codebook size to feedback all configured HARQ processes possibly within a group and with triggering, should be adopted to decide the HARQ codebook size.
Proposal 6:  Simultaneous PUCCH and PUSCH transmission is always enabled for eLAA UL operation.
Proposal 7: A special LAA SCell, i.e. XSCell, should be configured in higher layer signaling as a cell where PUSCH is always scheduled when HARQ ACK is triggered within one UCG; transmission of HARQ-ACKs for unlicensed cells within one UCG on one or more LAA SCells should be supported.
Proposal 8: Agree the principle that any set of CSI process containing A-CSI for any licensed cell should not be triggered on LAA SCells.
[bookmark: _GoBack]Proposal 9: Fast channel access mechanism is preferred at least for UCI only transmission.
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