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1
Introduction
An objective of the LAA SI [1] is to find a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. LAA Study Item description provides also some guidance on the preferred solutions [1]: 

· Consider LTE deployments where one or more low power Scell(s) operating in unlicensed spectrum is either DL-only or contains UL and DL and where the PCell operates in licensed spectrum and can be either LTE TDD or LTE FDD
· The identified enhancements should reuse the features of LTE as much as possible. It should be avoided to duplicate work done in other LTE work/study items.
· The study will cover both single and multi-operator scenarios, including the case where multiple operators deploy LTE in the same unlicensed spectrum bands. 

In this contribution we discuss PHY options for LAA UL operation.

2
UL Scheduling and HARQ
According to the guidance given in the SI [1], the scheduling framework of LAA should reuse the features of LTE Carrier Aggregation as much as possible. When considering the scheduling of PUSCH on LAA cell, it is noted that both cross-carrier scheduling and self-scheduling have their pros and cons:

· Cross-cell scheduling maximizes the scheduling opportunities especially in the case when LTE FDD is applied as PCell. Furthermore, LBT is not needed at the PCell, which maximizes the channel access when transmitting UL scheduling assignments. On the other hand, (E)PDCCH capacity at the PCell may be a limiting factor, which indicates that cross-cell scheduling might not be used as the only solution.

· Self-scheduling provides lots of control channel capacity on LAA cells that can be used for scheduling both PDSCH and PUSCH on LAA cells. On the other hand, self-scheduling suffers from limited scheduling opportunities due to UL traffic and due to the needed LBT operation at the eNB side.
Taking these aspects into account, we make the following proposal:

Proposal 1: Support both cross-carrier scheduling and self scheduling for PUSCH on LAA cell.
LAA Ad-hoc Meeting reached the following agreement on UL HARQ:  
“Recommend to support asynchronous UL HARQ for UL LAA operation”.
In order to support asynchronous UL HARQ, the following decisions are needed:
· Define the maximum number of HARQ processes for UL LAA operation

· How to include HARQ process ID in each UL resource assignment? 

Asynchronous HARQ means that PHICH triggered retransmission is not applied for UL LAA operation. This will indicate that there is no need for PHICH on the LAA cells for self-scheduling operation. Moreover, for UL cross-carrier scheduling the LAA UL traffic will not increase the PHICH load on the scheduling licensed band carrier due to the asynchronous UL HARQ operation.

3
UL multiplexing
LAA Ad-hoc Meeting reached the following agreement on UL multiplexing:  
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO
As discussed in [2], LBT/CCA must be synchronized between UEs frequency and/or spatial domain multiplexed on the same 20MHz carrier. Otherwise, the first UE would reserve the operating channel and the other UEs would see it as occupied, which would basically prevent any FDMA and/or SDMA of LAA UEs in UL. 

In addition to FDMA and MU-MIMO, time division multiplexing could be applied as well. As shown in Figure 1, configuration with short burst length allows TDM between consecutive UL bursts (FFP). On the other hand, opportunities for TDM are quite limited in the case with large burst lengths (such as 10 ms FFP). This is due to the fact that it is not possible to start UL transmission in the middle of FFP. For certain possible LBT schemes (including e.g. some type of exponential backoff) the idle period between TDMed UL transmissions might need to be rather long in order to enable another UE to grab the channel in time. On the other hand, as the Figure 1 shows, an LAA eNodeB does not need to schedule all subframes in the FFP for UL, but instead it may flexibly allocate some of them (from the end of the FFP) for DL as well. This is useful in particular when the UE transmissions are unexpectedly blocked e.g. due to a hidden node. 
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Figure 1. Example LAA UL configuration according to rules defined for FBE.

Observation 1: Configuration with short Fixed Frame Period facilitates TDM between UEs in LAA UL scenario
According to ETSI regulation, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth. eNB could, at least in principle, schedule two clusters sufficiently far from each other, in such that ETSI rules are fulfilled.  However, this would create severe limitations for the FDMA usage and cannot be seen as a feasible solution for LAA UL. This indicates that there are two main options for facilitating FDMA in LAA UL, namely IFDMA and Block-IFDMA. Those are shown in Figure 2 and Figure 3.
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Figure 2. Principle of IFDMA.
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Figure 3. Principle of Block-IFDMA.
Both multiplexing options have their pros and cons.

· IFDMA maintains low CM/PAPR properties of the transmitted signal. On the other hand, IFDMA suffers from non-idealities of the transmitted signals such as frequency error. Furthermore, IFDMA suffers from degraded channel estimation performance. This is due to the fact that with IFDMA, the reference signal needs to be spread over the entire bandwidth, which will reduce the power spectral density of the RS accordingly. 
· Blocked-IFDMA is more robust against frequency error and it provides better channel estimation performance. On the other hand, it suffers from increased CM/PAPR properties of the transmitted signal. 
It is noted that both IFDMA and Blocked-IFDMA can be seen as new Tx schemes compared to LTE Rel-12. However, the basic building blocks of both solutions are being used in current LTE UL:

· SRS is based on IFDMA  (RPF=2)

· LTE supports also clustered allocation with up-to two clusters in frequency domain.
It is too early to say which FDMA option would be better solution for LTE LAA. Hence, careful investigation is needed in order to make the decision. Furthermore ETSI requirements related to bandwidth occupancy needs to be taken into account in the parameterization of Block-IFDMA.
Proposal 2: Investigate the feasibility of IFDMA and Block –IFDMA for LTA LAA UL Multiple Access. 
4
UL Control Signalling
For UL control signaling in LAA, there are two cases to consider:
1. UCI transmission in the absence of simultaneous PUSCH ( UCI will be transmitted via PUCCH.
2. UCI transmission in the presence of simultaneous PUSCH
Related to the first case, there will be two options: (1) PUCCH is transmitted always on licensed spectrum and (2) PUCCH can be transmitted also via Scell operating on unlicensed spectrum. 
According to the guidance given in the SI [1], the scheduling framework of LAA should reuse the LTE Carrier Aggregation features as much as possible. Hence, conveying PUCCH always via PCell would be the obvious selection. In addition, in case another SCell on licensed band is to be configured with PUCCH (comp. Rel. 13 LTE CA enhancements), this could be a similar option providing the same type of reliability due to licensed band utilization. 
On the other hand, benefits of conveying PUCCH via Scell operating on unlicensed spectrum would be quite questionable taking into account that:

· Generally speaking, LBT is required to transmit PUCCH via LAA Scell. 
· Resource saving on PCell is questionable taking into account that PCell fallback might be needed, in order to support UCI feedback also when Scell PUCCH is unavailable (due to LBT).
· Only part of the UEs are capable of transmitting (any signal) vial LAA cell.
· PUCCH operation would limit DL usage of LAA cells.
· PUCCH on LAA cell would introduce additional complexity.
Based on those arguments, we propose that PUCCH shall be transmitted only via licensed spectrum.

There are two main options for the case when transmitting UCI in the presence of  PUSCH
1. Keep UCI always on (Pcell) PUCCH. 
· This can be made by following the rules defined for simultaneous transmission of  PUCCH and PUSCH

2. Allow UCI transmission via Scell PUSCH
· Follow TDM rules defined for Rel-10 CA

· UCI via Pcell PUSCH, in the presence of Pcell PUSCH

· UCI via Scell PUSCH with smallest ScellIndex, in the absence of Pcell PUSCH.
When considering option #1, it is noted that UCI transmission involves always multi-cluster / multi-carrier transmission which will have negative impact to the cell coverage. 

When considering option #2, there is a LAA specific issue to consider: In the case certain Scell PUSCH involves UCI, it would be quite problematic if such PUSCH is dropped due to negative LBT. That would mean that UE may not have enough time to multiplex UCI to another Scell PUSCH.  

To summarize, it seems that in the case of LAA, UCI should always be transmitted only via licensed spectrum. Based on that, we make the following proposals:
Proposal 3: PUCCH shall be transmitted only via licensed spectrum.

Proposal 4:  In the presence of licensed cell PUSCH, UCI can multiplexed with predefined PUSCH according to TDM rules defined for Rel-10 CA.
Proposal 5: In the absence of licensed cell PUSCH, UCI is transmitted on PUCCH according to rules defined for simultaneous transmission of PUCCH and PUSCH.
5
UL Power Control
According to the guidance given in the SI [1], the scheduling framework of LAA should reuse the LTE Carrier Aggregation features as much as possible. Generally speaking, this principle should apply also to UL PC.
The main difference compared to legacy operation is that LBT needs to be applied at the transmitter side before transmitting PUSCH on LAA cell (at least when following ETSI rules). Hence, there is a risk that that UE finds the channel busy and cannot transmit the PUSCH (( PUSCH will be dropped). This will increase latency, reduce resource usage efficiency and complicate eNB operation for example. Hence, in order to minimize PUSCH dropping due to LBT, it makes sense to consider solutions where UE can reduce the Tx power to pass LBT and avoid PUSCH dropping.
Proposal 6: Consider UL power reduction as a way to avoid PUSCH dropping due to LBT.
6
SRS and PRACH
According to the guidance given in the SI [1], the scheduling framework of LAA should reuse the LTE Carrier Aggregation features as much as possible. Cell-specific SRS and PRACH are important functionalities of LTE UL. RACH is needed for facilitating timing measurements e.g. in multi TAG-scenario. SRS is used to facilitate UL(/DL) scheduling as well as for updating TA. Based on those arguments, we propose to support SRS and PRACH in LAA UL.
Proposal 7: Support PRACH and SRS in LAA UL
In the current specification, time domain resources occupied by SRS and PRACH (esp. preamble format 4) are quite limited and well under eNB’s control. Hence, it is possible to transmit those signals without LBT, e.g. according to ETSI rules defined for short control signalling. On the other hand, LBT can be applied also for SRS and RACH if required by the regional regulatory rules. 

Proposal 8: Consider Short Control Signalling as an option for PRACH and SRS

There are different options for transmitting SRS/PRACH as part of UL frame structure [2]. Some options are illustrated in Figure 4.

· Option A: At the beginning UL data burst (FFP) using full subframe
· Option B: At the end of UL data burst (FFP) 
· Option C: At the beginning of UL data burst (FFP) using UpPTS block
Options A and C can support LBT also for SRS/PRACH since they are located right after the CCA measurement instance.
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Figure 4. Different options how to transmit SRS/PRACH.

7
Conclusions
In this contribution we have discussed PHY options for LAA UL operation. Based on the discussion we make the following observation and proposals:
Observation 1: Configuration with short burst length facilitates TDM between in LAA UL scenario

Proposal 1: Support both cross-carrier scheduling and self scheduling for PUSCH on LAA cell.
Proposal 2: Investigate the feasibility of IFDMA and Block –IFDMA for LTA LAA UL Multiple Access.
Proposal 3: PUCCH shall be transmitted only via licensed spectrum.

Proposal 4:  In the presence of licensed cell PUSCH, UCI can multiplexed with predefined PUSCH according to TDM rules defined for Rel-10 CA.
Proposal 5: In the absence of licensed cell PUSCH, UCI is transmitted on PUCCH according to rules defined for simultaneous transmission of PUCCH and PUSCH.

Proposal 6: Consider UL power reduction as a way to avoid PUSCH dropping due to LBT.
Proposal 7: Support PRACH and SRS in LAA UL.
Proposal 8: Consider Short Control Signalling as an option for PRACH and SRS.
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