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1. Introduction
In RAN #70 meeting, a New Work Item on enhanced LAA for LTE was launched [1], where the objectives focus on the specification of UL transmission. In the RAN1#84 meeting, flexible timing between UL grant and UL transmission for eLAA has been agreed in principle, and three UL grant options for supporting flexible timing were identified as following:
In this contribution, we will provide analysis on the pros and cons of the listed three candidate UL grants transmission schemes.
2. Discussion on flexible timing between UL grant and UL transmission
2.1 Discussion on the pros and cons of Option 1
The design of Option 1 is:
· Option 1 Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
Option 1, which allows a single UL grant to schedule multiple UL subframes, is beneficial and essential for UL self-scheduling case to extend schedulable range. In the following, we will first show the problem of existing UL grant scheme, and then analysis the pros and cons of Option 1 in both self-scheduling and cross-carrier scheduling cases.
[image: image1.emf]


+4 subframe



schedulable range un-schedulable range










+4 subframe

schedulable range un-schedulable range



[image: image2.emf]


+4 subframe



schedulable range un-schedulable range










+4 subframe

schedulable range un-schedulable range


(a) DL and UL share common MCOT of 10 ms



(b) UL uses separate MCOT of 8ms
          (typical WIFI-free deployment scenario)



(typical LAA-WIFI co-existing scenario)
Fig. 1. Illustration of un-schedulable subframes for UL self-scheduling with legacy UL grant
As shown in Fig. 1, schedulable UL subframes range is severely limited in UL self-schedule case when legacy UL grant scheme is reused. Consider the example shown in Fig. 1 (a), the DL burst and UL burst share same MCOT of 10 ms, and the UL burst is 2ms longer than that of DL burst. For the existing scheduling mechanism, the schedulable UL subframes range is 4 ms, then the last 2 subframes of UL burst can not be scheduled, which leads to waste of UL resources. If consider the example shown in Fig. 1 (b), UL burst and DL burst are transmitted in separate MCOT. while the example available number of DL subframes for UL grant transmission is 2, resulting up to 6 ms is un-schedulable and wasted.
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Fig. 2. Illustration of benefits of option 1
If Option 1 is applied, the above mentioned issues, i.e., limited schedulable UL subframes range, can be easily solved by extending the scheduling range from one subframe to a series of subframes, as shown in Figure 2. In addition, Option 1 is also beneficial for saving signaling cost, since multiple legacy UL grant signaling can be replaced by only one UL grant.
Observation 1: UL grant of option 1 is beneficial and essential for UL self-scheduling case to extend schedulable range, and it is also useful for saving signaling cost.
However, when applied to UL cross-carrier scheduling scenario, UL grant of Option 1 may be inflexible compared to legacy UL grant, since the scheduling is in larger scheduling granularity and may not be able to exploit the updated UL CSI measurement, as shown in Figure 3. Therefore, legacy UL grant may performs better than Option 1 for UL cross-carrier scheduling.
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Fig. 3. Illustration of legacy UL grant and Option 1 for cross-carrier scheduling
Observation 2: When applied to UL cross-carrier scheduling case, Option 1 may be inflexible compared to legacy UL grant, both in its larger scheduling granularity and in its less sensitivity to updated UL CSI measurement.
Proposal 1: Compared to legacy UL grant scheme, UL grant of Option 1 is beneficial for self-scheduling case, and is suggested for further consideration. For cross-carrier scheduling case, Option 1 may loss some flexibility compared with legacy UL grant scheme, and is not preferred.
2.2 Discussion on the pros and cons of Option 2
The design of Option 2 is:
· Option 2: Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
Option 2 can also be used to solve the limited schedulable UL subframes range problem in UL self-scheduling case, as shown in Figure 4. 
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Fig. 4. Schedulable range extending for UL self-scheduling with UL grant of option 2
With the price of more signaling overhead, UL grant of Option 2 seems to be more flexible compared to Option 1, since it can support smaller scheduling granularity, i.e., each UL grant in Option 2 can be customized design for the corresponding PUSCH in one subframe. However, the benefit provided by such smaller granularity may be marginal compared with Option 1, because both Option 1 and Option 2 may reflect the same UL CSI measurement, and similar channel adaption performance may be achieved, which is shown in Fig. 5. From this perspective, Option 1 is preferred than Option 2.
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Fig. 5. Illustration of UL grant of option 1 and option 2 for UL self-scheduling
Furthermore, when compared to legacy UL grant in cross-carrier scheduling case as shown in Fig. 6, Option 2 does not have any signaling cost saving benefit, but may potentially degrade channel adaption performance. Therefore, legacy UL grant may be preferred to Option 2 for UL cross-carrier scheduling.
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Fig. 6. Illustration of legacy UL grant and UL grant of option 2 for cross-carrier scheduling
Observation 3: Compared with Option 1, Option 2 can support smaller scheduling granularity, whose benefit seems to be marginal, while with the cost of higher signaling overhead. In addition, Option 2 does not have signaling cost saving benefit compared with legacy UL grant scheme under cross-carrier scheduling case, but may potentially degrade channel adaption performance. 
Proposal 2: Option 2 is not preferred for PUSCH scheduling. 
2.3 Discussion on the pros and cons of Option 3
The design of Option 3 is:
· Option 3: Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission among one of the multiple subframes depending on UL LBT result
Even though Option 3 helps for providing multiple UL transmission opportunity for one scheduled UL subframes, it may suffer from low resource utilization efficiency. One example is shown in Fig. 7, 4 subframes are exclusively reserved with only 1 subframe being scheduled, with 25% (= 1 / 4) resource utilization efficiency. 
Observation 4: Even though Option 3 helps provide multiple UL transmission opportunities for one scheduled PUSCH, it may suffer from low resource utilization efficiency.
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Fig. 7. Illustration of UL grant of option 3
Nevertheless, if concept of Option 3 can be combined with Option 1, the Option 3 may help to improve the performance of Option 1 in terms of latency, and the Option 1 is helpful for Option 3 in terms of efficiency. To simplify the notation, hereby we denote the combination of Option 1 and Option 3 as the Enhancement of Option 3. Specifically, such design allows single UL grant in a subframe for a UE can enable the UE to transmit multiple PUSCH subframes, with the first transmission subframe be sliding among one of the multiple subframes, which depends on UL LBT result. One example is shown in Fig. 8, in which 6 subframes are exclusively reserved for one UE, with 3 subframes being scheduled, which means 50% (= 3 / 6) resource utilization efficiency.
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Figure 8. Illustration of UL grant of enhanced option 3
In the following, we will elaborate more on how the Option 3 may help to improve the performance of Option 1 in terms of latency with the help of Fig. 9. Such enhancement can be beneficial for some delay sensitive traffic to reduce generalized one-way delay, especially in self-scheduling scenario.
Subject to un-reliable transmission behavior due to UL LBT, DTX of UL transmission may occur frequently. As shown in Figure 9 (a), extremely long one-way delay may be perceived for transmitting a short UL packet due to the possibility that it needs to be transmitted in several transmission opportunities, e.g., 30-40 ms may be perceived to transmit a new short UL packet of 3 subframes by 3 times of UL transmission opportunities. The one-way delay may scale up to an order of magnitude larger for self-scheduling case than cross-carrier scheduling case, due to extra LBT being performed for contending DL transmission opportunity to send UL grant. Such long one-way delay may be unacceptable for some delay sensitive traffic.
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Fig. 9. Illustration of UL grant of enhanced option 3 for self-scheduling
The Enhancement of Option 3 may be promising for solving the above mentioned issue. One example is shown in Figure 9 (b), an UL grant indicates a UL transmission of 3 subframes among one of the three candidate starting subframes from +4 subframe to +6 subframe. In this instance, the UE can at the latest complete UL transmission at +8 subframe, if the UE can seize the channel at the +6 subframes. Therefore, the one-way delay can be reduced statistically.
Proposal 3: It is suggested to combine the concept of Option 3 with the design of Option 1, which may help to improve the performance of Option 1 in terms of latency, and improve the performance of Option 3 in terms of efficiency.
One another issue that needs to be addressed is due to UL LBT, the assigned MCS in UL grant of all three candidate options may be aged, if the delay between UL grant and the related UL scheduled subframe is enlarged. It is suggested to study and solve this issue. 
Proposal 4: The potential MCS aging problem due to enlarged timing delay between UL grant and UL transmission needs to be further studied.
3. Conclusions
In this contribution, we discussed on the scheduling issues related to PUSCH transmission for eLAA. According to the discussion, the following observations and proposals are achieved.
Observation 1: UL grant of option 1 is beneficial and essential for UL self-scheduling case to extend schedulable range, and it is also useful for saving signaling cost.
Observation 2: When applied to UL cross-carrier scheduling case, Option 1 may be inflexible compared to legacy UL grant, both in its larger scheduling granularity and in its less sensitivity to updated UL CSI measurement.

Observation 3: Compared with Option 1, Option 2 can support smaller scheduling granularity, whose benefit seems to be marginal, while with the cost of higher signaling overhead. In addition, Option 2 does not have signaling cost saving benefit compared with legacy UL grant scheme under cross-carrier scheduling case, but may potentially degrade channel adaption performance.
Observation 4: Even though Option 3 helps provide multiple UL transmission opportunities for one scheduled PUSCH, it may suffer from low resource utilization efficiency.
Proposal 1: Compared to legacy UL grant scheme, UL grant of Option 1 is beneficial for self-scheduling case, and is suggested for further consideration. For cross-carrier scheduling case, Option 1 may loss some flexibility compared with legacy UL grant scheme, and is not preferred.
Proposal 2: Option 2 is not preferred for PUSCH scheduling. 

Proposal 3: It is suggested to combine the concept of Option 3 with the design of Option 1, which may help to improve the performance of Option 1 in terms of latency, and improve the performance of Option 3 in terms of efficiency.
Proposal 4: The potential MCS aging problem due to enlarged timing delay between UL grant and UL transmission needs to be further studied.
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Agreements:


For eLAA, flexible timing between UL grant and UL transmission is supported


For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered


Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe


FFS: N is consecutive or non-consecutive


Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes


Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result


FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.











