[bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #85	R1-164920
Nanjing, China, 23 - 27 May 2016


Agenda item:		6.2.1.3 Uplink control information on an LAA SCell
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	UCI transmission on LAA SCells
Document for:	Discussion and Decision
1	Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]

In RAN1#84 following agreements were made:
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

Further progress was made in RAN1#84bis:
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:
· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE
· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell
· Note: whether this feature is optional or mandatory is a separate discussion
· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands
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
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In this contribution, we discuss the remaining aspects related to UCI transmission on unlicensed carriers. 
2	HARQ-ACK feedback on LAA SCells
As the agreement from RAN1#84 states, the feedback of UCI – including HARQ - on an LAA SCell is supported in the eLAA WI. The details of HARQ-ACK feedback were further discussed during RAN1#84bis. While the benefits of introduction of eLAA PUCCH were widely acknowledged (e.g. efficient operation when the UCI feedback comprises of only a few bits, or when the UEs have no PUSCH data to transmit), the agreement was made not to specify PUCCH for LAA in eLAA WI because of the tight timeline and the amount of work required. The complications come from the design of PUCCH format(s) / waveform itself, but also from the HARQ-ACK timing, since the eLAA PUCCH design cannot directly relate to neither FS1 nor FS2. However, the possibility of defining eLAA PUCCH later during the Rel-14 was left open. 
In LTE operation with licensed band UL SCells, HARQ-ACK feedback follows deterministic/predetermined timing where the HARQ-ACKs for PDSCH TBs are carried in the first available UL subframe no earlier than in subframe n+4. However, with HARQ-ACK transmission on eLAA SCells subject to Listen-Before-Talk requirements, the channel access mechanisms bring uncertainty to the availability of HARQ-feedback channel (PUCCH or PUSCH) at a given point in time. Because of this, eLAA operation cannot rely on predetermined HARQ-ACK timing, and mechanism(s) to cope with unexpected delays in HARQ-ACK feedback are needed.
Observation #1: Unlike licensed band LTE, eLAA cannot rely on HARQ-ACK feedback occurring at predetermined time instances.
While the scenario where LBT procedure affects HARQ-ACK feedback is new to LTE, similar considerations have taken place in the context of other technologies used in unlicensed spectrum. As an example Wi-Fi (namely 802.11e/n) supports a mechanism called Block Acknowledgement, where one station may request another to provide acknowledgements for several frames using a bitmap [2]. Similar approach seems useful and necessary also in eLAA, particularly as it allows for keeping all the HARQ-feedback on the unlicensed carriers even if UL transmission need to be suspended from time to time due to LBT.
In the context of LTE, and given the uncertainty in the timing for HARQ-ACK feedback, it is natural to relate the Block-ACK directly to HARQ-processes rather than subframes. This help in avoiding ambiguity that the LBT requirements along with very flexible UL-DL “configurations” inevitably creates. As for the triggering mechanism itself, the straightforward solution is to re-use the Aperiodic CSI triggering principles, with 2-3 bits in the UL grant indicating the carriers for which Block-ACK should be reported using PUSCH. This allows for managing the overhead associated with HARQ-ACK feedback by triggering feedback for only some of the carriers. The resource allocation as well as channel coding principles can be directly borrowed from A-CSI framework. Furthermore, the network should also be able to request a Block-ACK transmission without a simultaneous PUSCH data transport block.  
Proposal #1: eLAA shall support eNodeB-triggered Block-ACK, where HARQ-ACKs for all the DL HARQ processes are reported using a bitmap.
Proposal #2: Block-ACK is triggered with an UL grant similarly as A-CSI reports. 2 or 3 bits indicate for which of the higher layer configured LAA SCells Block-ACK is reported.
Proposal #3: Block-ACK can be triggered together with A-CSI also without a simultaneous PUSCH TB 
As discussed above, we see Block-ACK as a mechanism necessary in the eLAA scenario where LBT causes uncertainty of HARQ-ACK feedback timing. On the other hand, Block-ACK has certain disadvantages: the feedback overhead becomes relatively large and UL grants are needed to trigger the transmissions. In that respect we see that possible further eLAA evolution should study more efficient means for conveying HARQ-ACK feedback, considering also scenarios where the channel is available for most of the time and/or where feedback latency and overhead need to be minimized. In such cases there would be clear benefits from supporting PUCCH transmission on eLAA cells.
3	CSI feedback on eLAA PUSCH
According to the agreements in RAN1#84bis, eLAA supports Aperiodic CSI transmission on UL SCells with and without a simultaneous PUSCH data allocation. The open questions relate to the exact conditions when A-CSI transmission is triggered without PUSCH data. In our view, the preferred approach is to follow Rel-13 eCA principle, where A-CSI-only transmission can be triggered using IMCS indices 29 – 31, without any limitation to the number of allocated PRBs. 
Proposal #4: A-CSI transmission without PUSCH data can be triggered with IMCS indices 29 – 31, without any limitation to the number of allocated PRBs.
As discussed in section 2, we see it as beneficial to support Block-ACK transmission in eLAA. Furthermore, we see that eNodeB should be able to request the UE to transmit A-CSI and Block-ACK simultaneously, with or without a PUSCH data allocation. 
Proposal #5:  Simultaneous triggering of A-CSI and Block-ACK is supported both with and without a PUSCH data allocation.
4	UCI multiplexing on eLAA PUSCH
In addition to the contents of UCI feedback, also the mapping of UCI on PUSCH need to be agreed. As agreed in RAN1#84, eLAA PUCCH will differ from licensed band PUSCH in a few ways:
· In order to occupy at least 80 % of the nominal channel bandwidth, eLAA PUSCH utilizes interlaced waveform. For the 20 MHz system bandwidth the number of interlaces is 10, and each interlaces consists of 1-PRB clusters
· To provide room for LBT, dynamic muting of DFT-S-OFDM symbol #0 is supported 
· To provide room for aperiodic SRS (or LBT), dynamic muting of DFT-S-OFDM symbol #13 is supported

In spite of these differences compared to licensed band PUSCH waveform and structure, we see that the LTE Rel-13 principles for UCI-on-PUSCH multiplexing are still applicable in eLAA as shown in Figure 1:
· HARQ-ACK is mapped to the DFT-S-OFDM symbols adjacent to the DMRS, i.e. symbols #2, and #4 in the first slot, and symbols #2, and #4 in the first slot
· RI is mapped to the DFT-S-OFDM symbols adjacent to the HARQ-ACK, i.e. symbols #1, and #5
· CSI (CQI, PMI) is mapped to PUSCH resources in an inter-DFT-S-OFDM symbol first, intra-DFTS-OFDMA symbol second manner, starting from the first available symbol.
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Figure 1. The principle of UCI on PUSCH mapping in eLAA
The channel coding schemes available for UCI-on-PUSCH transmissions in Rel-13 can be directly reused. For RI and other CSI, rate matching PUSCH around UCI should be performed as in Rel-13. On the other hand, since the proposal is to support in eLAA only Block-ACK triggered by the eNodeB, there should be no ambiguity on whether HARQ-ACK is included to a PUSCH transmission, or not. Therefore, mapping PUSCH data around HARQ-ACK REs could be considered, as opposed to puncturing as in Rel-13. Furthermore, following again the principle from Rel-13 eCA, an 8-bit CRC should be added to the Block-ACK.

The exact number of REs for HARQ-ACK, RI and other CSI can be determined using the same principle as in the prior LTE releases with a help of a configurable beta-offset parameters. The need for modifications to the exact values of beta offset parameters is FFS. 
Proposal #6:  UCI-on-PUSCH multiplexing follows the Rel-13 principles with respect to RE mapping and channel coding. 

4	Conclusions
In this contribution, we have discussed the principles of UCI transmission on eLAA SCell. The following observations and proposals are made. 
Observation #1: Unlike licensed band LTE, eLAA cannot fully rely on HARQ-ACK feedback occurring at predetermined time instances.
Proposal #1: eLAA shall support eNodeB-triggered Block-ACK, where HARQ-ACKs for all the DL HARQ processes are reported using a bitmap.
Proposal #2: Block-ACK is triggered with an UL grant similarly as A-CSI reports. 2 or 3 bits indicate for which of the higher layer configured LAA SCells Block-ACK is reported.
Proposal #3: Block-ACK can be triggered together with A-CSI also without a simultaneous PUSCH TB 
Proposal #4: A-CSI transmission without PUSCH data can be triggered with IMCS indices 29 – 31, without any limitation to the number of allocated PRBs.
Proposal #5:  Simultaneous triggering of A-CSI and Block-ACK is supported both with and without a PUSCH data allocation.
Proposal #6:  UCI-on-PUSCH multiplexing follows the Rel-13 principles with respect to RE mapping and channel coding. 
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