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1 Introduction
Currently, RAN1 focuses on two options of LAA sub-frame design[1], as illustrated in Figure 1:
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Figure 1

Two options of LAA sub-frame design

For the part sub-frame option, the sub-frame boundary of LAA cell is always aligned with that of PCell, which makes the part sub-frame design feasible. For the floating sub-frame option, the misaligned sub-frame boundary will lead to some confusion to MAC layer. In this contribution, these 2 alternatives are studied and their RAN2 impacts are compared.
2 Discussion

2.1 TA alignment
In current specification, if UE receives TA command in sub-frame N, it will start or restart the TAT in this sub-frame, and apply new TA value from sub-frame N+6. If a LAA cell with part sub-frame is introduced as an SCell, the UE’s timing of starting/restarting TAT and/or applying new TA value can be straightforward and very similar to the operation of non-LAA cell as described above., because the part sub-frame could be considered as a normal sub-frame which has the same boundary with that of PCell. However, if the floating sub-frame LAA cell is configured as an SCell and this LAA SCell is in the same TAG with PCell, there might be some confusion if TA command is transmitted via the LAA cell, as illustrated in Figure 2. As shown in this case, there is some ambiguity to UE as when to start the TAT and when to apply the new TA value for PCell.
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Figure 2

TA confusion in case of floating sub-frame alternative

There are 3 possible solutions for this issue:

· Solution 1: Redefine the timing relationship between TA command and its effective sub-frame to clarify the case of floating sub-frame design
· Solution 2: Do not configure both licensed cell and LAA cell in the same TAG.
· Solution 3: If one TAG includes both licensed cell and LAA cell, eNB does not transmit TA command via LAA cell

Both Solutions 2 and 3 are choices of eNB implementation through some limitation to configuration and scheduling. Solution1 needs some modifications to RAN3 specification. However, this issue shall be decided by RAN2 first.

Observation 1: The TA alignment issue needs to be discussed in RAN2, if the floating sub-frame approach is applied.
2.2 DRX

Based on the current agreement, common DRX is applied if PCell is aggregated with an LAA SCell. The DRX state is decided by SFN, eNB scheduling and several timers, such as onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. 

One issue that needs to be clarified is whether a part sub-frame shall be considered as a PDCCH-subframe. If UE is capable of simultaneous reception and transmission in aggregated cells which are all under TDD mode, PDCCH-subframe(s) is considered as the union of downlink sub-frame of all serving cells. Since an LAA cell is configured as a TDD cell in most deployment scenarios, the part sub-frame shall be considered as a PDCCH-subframe except the cross scheduling case. 
Observation 2: For part sub-frame alternative, the part sub-frame shall be considered as a PDCCH-subframe except for the cross scheduling case.
Another open issue is when to start/restart the DRX related timers. In the example given in Figure 3, InactivityTimer is about to expire originally at the end of sub-frame N+1 of PCell, but there is new downlink data coming in an LAA sub-frame which overlaps with the sub-frame N+1 of PCell. Ideally, the InactivityTimer shall be restarted for the example because of the new data. This can be achieved if UE could detect new downlink data in time. However, for the floating sub-frame alternative, if the new data cannot be detected in time, this timer will expire. Furthermore, the same issue exists for other DRX relevant timers if the floating sub-frame design is adopted. In fact, the challenge is very similar to the case under Dual Connectivity. If common DRX is used for LAA cell, the UE operation may be very complex. On the contrast, there is no such issue for part sub-frame. Based on the RAN1 agreement, there are only two choices of the part sub-frame starting time: the symbol #0 or the symbol #7. When a part sub-frame starts at symbol #0, the case is essentially the same as that in a licensed cell. Even if the part sub-frame starts at symbol #7, UE shall be able to finish processing the data by the end of this sub-frame already. Consequently, UE has enough information to decide whether to (re)start DRX timer(s) correctly. 
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Figure 3

DRX timers issue in LAA cell
Observation 3: For floating sub-frame alternative, the handling of DRX relevant timers needs to be discussed further.
2.3 UE capability of DL scheduling restriction
The UE capability of maximum receiving data column within a TTI may cause a problem for floating sub-frame alternative. For example, UE may receive at most 10000Bytes in one TTI. If there is a TB of 8000Bytes transmitted in a sub-frame of PCell, eNB could not schedule a TB of more than 2000 Bytes to the UE in the floating sub-frame of LAA cell if these two sub-frames are overlapped. This problem was discussed in Dual Connectivity because the solution involves the interaction among eNBs.  It seems though the problem can be solved by eNB implementation for LAA scenario. 
Observation 4: For floating sub-frame alternative, the restriction of UE capability in DL scheduling can be handled through eNB implementation, and thus there is no standards impact.
2.4 Impact on UL operation
The following aspects should be considered for future-proof of introducing UL LAA in future releases.
· UE capability of UL scheduling restriction and power constraint
If uplink transmission over LAA cell is introduced in Rel-14, the UE capability of UL scheduling restriction will not not be a problem for the floating sub-frame design, because the issue can be addressed through eNB implementation in a similar way as for the DL case discussed in Section 2.3 above. However, the maximum transmission power in overlapped sub-frame will be a problem which is more like the issue identified in asynchronous Dual Connectivity scenario. On the contrary, both issues do not exist for part sub-frame design. 
Observation 5: For floating sub-frame alternative, the restriction of UE capability in UL scheduling is not a problem, while handling UL power constraint may encounter similar challenges as in DC.
· Random access

Current RA procedure requires a clear sub-frame relationship between PCell and SCell. If floating sub-frame design is applied in LAA cell, the RA procedure will be very challenging because of the fuzzy sub-frame relationship between PCell and LAA cell. 

Observation 6: For floating sub-frame alternative, the uncertain sub-frame relationship between PCell and LAA cell will introduce new challenges to RA procedure.
· UL HARQ
Since unsynchronized HARQ has been agreed to be introduced to uplink transmission in LAA cell, the clear sub-frame relationship between SCell and PCell is not required. Therefore, by introducing unsynchronized UL HARQ, both part time sub-frame and floating sub-frame design options are feasible. 
Observation 7: Both part sub-frame and floating sub-frame design options are feasible for unsynchronized uplink HARQ.
· PHR calculation
When UE transmits a PHR, the PH is calculated based on the current sub-frame. If this “current sub-frame” includes a part sub-frame or a floating sub-frame in LAA Cell, there might be some ambiguity in the calculation of PH because of the uncertainty of LBT outcome. As shown in the example of Figure 4, UE may decide to transmit the PHR to either PCell (Alt. 1) or LAA Cell (Alt. 2) if UE receives two UL grants for sub-frame N+4 in sub-frame N. For Alt. 1, the UE may not be able to know the result of LBT on the sub-frame N+4 of LAA cell yet when generating the PHR MAC CE to be sent to PCell. Therefore, the UE behavior needs to be clarified. For Alt. 2, the issue has to be discussed with respect to two sub-frame design options respectively as below.
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PHR issues in LAA cell
For the part sub-frame option, the PH is supposed to be calculated based on the TBs of both PCell and LAA cell in sub-frame N+4. However, if UE fails the LBT in sub-frame N+4 but succeeds in sub-frame N+5, as shown in Figure 5. It is reasonable that the PH is calculated based on the TBs of both PCell and LAA cell in sub-frame N+5. However, it is very likely that the TB of PCell in sub-frame N+5 is not the same as that in sub-frame N+4. Therefore the PH included in PHR to LAA cell shall be updated based on the TB size of sub-frame N+5 in PCell too.
For the floating sub-frame option, the PH calculation issue is the same as for the part sub-frame when the boundary of LAA cell is aligned with PCell as in case 1. However, If the boundary is not aligned as in case 2, the issue will be even more complicated and is similar to the asynchronous Dual Connectivity scenario. The reason is that the floating sub-frame may overlap with two sub-frames of PCell (e.g., sub-frame N+4 and N+5 in Figure 4). Thus it is not clear during the calculation of PH  the TB information of which PCell sub-frame shall be referred to.
All above PHR related issues should be discussed in RAN2. 
Observation 8: The uncertainty of LAA UL transmission in future sub-frame will cause difficulty in PHR calculation.
3 Summary and Conclusion
Based on the discussion above, RAN2 impacts of two LAA sub-frame design options are summarized in Table 1:
Table 1: RAN2 impacts of two sub-frame design options
	LAA Cell Operations
	Part sub-frame
	Floating sub-frame

	TA alignment
	No impact
	TA confusion might occur.

	DRX
	The definition of PDCCH-sub-frame needs to be clarified.
	Ambiguity in whether/when the DRX relevant timers to be started or restarted.

	Restriction of UE capability in DL scheduling
	No impact 
	No impact (eNB implementation)

	**The following UL operations are for the scope of R-14.

	Restriction of UE capability in UL scheduling and power management
	No impact
	UL power management faces similar challenges as in DC.

	Random Access
	No impact
	The RA procedure might be very difficult.

	UL HARQ
	No impact
	No impact

	PHR
	The ambiguity in the PH calculation can be clarified easily
	The ambiguity in the PH calculation is difficult to clarify.


The following observations are made:
Observation 1: The TA alignment issue needs to be discussed in RAN2, if the floating sub-frame approach is applied.
Observation 2: For part sub-frame alternative, the part sub-frame shall be considered as a PDCCH-subframe except for the cross scheduling case.
Observation 3: For floating sub-frame alternative, the handling of DRX relevant timers needs to be discussed further.
Observation 4: For floating sub-frame alternative, the restriction of UE capability in DL scheduling can be handled through eNB implementation, and thus there is no standards impact.
Observation 5: For floating sub-frame alternative, the restriction of UE capability in UL scheduling is not a problem, while handling UL power constraint may encounter similar challenges as in DC.
Observation 6: For floating sub-frame alternative, the uncertain sub-frame relationship between PCell and LAA cell will introduce new challenges to RA procedure.
Observation 7: Both part sub-frame and floating sub-frame design options are feasible for unsynchronized uplink HARQ.
Observation 8: The uncertainty of LAA UL transmission in future sub-frame will cause difficulty in PHR calculation.
Therefore we propose:
Proposal 1: RAN2 is kindly requested to study the impacts of two sub-frame design options; and if necessary, RAN2 requests RAN1 to take RAN2 impacts into account when making the decision.
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