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1 Introduction

This is a revision of R2-1802252 and we have detailed analysis on why based on UE implementation, this issue can not be solved and we would like to provide a compromised solution that if BSR/PHR is transmitted on LAA SCell, BSR/PHR is cancelled when LBT is successful instead of being included in the generated MAC PDU. 

In last RAN2 meeting, we discussed about the issue related to BS/PH calculation and achieved the following agreements [1]. 
Agreements:

1
In FeLAA, no enhancement on BSR/PHR trigger and cancellation is introduced. 
2
It is up to UE implementation to solve issue of out of date BSR/PHR if necessary. 

FFS the impact on spec.

However, we still would like to provide detailed analysis on why UE implementation cannot solve this issue and what is the impact if there is such an issue. 
2 Discussion
RAN2 agreed “MAC CEs are allowed to be sent via autonomous uplink transmission”. Then upon reception of a MAC CE, LBT needs to be performed before AUL transmission and UL skipping is supported as shown in figure 1, therefore there is some possibility that the eNB may have ambiguous understanding on the TTI that the included BS/PH information refers to. In eLAA, LBT is also needed before transmission on unlicensed spectrum and the transmission is considered as transmitted even though LBT fails. However, there is no ambiguous issue since both transmission and retransmission is scheduling-based and eNB is aware of the TTI that the included PHR and/or BSR refers to. In addition, after the introduction of two-step scheduling, since UE starts to generate the MAC PDU upon reception of the first grant but the actual transmission points depends on both the first and second grants, a reference subframe is defined for PH calculation to assist the eNB in scheduling.  
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Figure 1: an example of BSR/PHR transmission for AUL

Observation 1: The eNB may be not aware of the TTI that the included PHR and/or BSR refers to due to the introduction of AUL.
Due to the ambiguous issue introduced in FeLAA, the eNB cannot take the PHR and/or BSR into account on subsequent scheduling strategy and the eNB has no idea whether the UE is over-scheduled. In legacy the issue is not that serious since all the transmissions are scheduling based the eNB is able to figure out the PH of all serving cells for current TTI based on the received PHR. But for AUL it is a different story, since UE is able to perform AUL transmission within the configured bitmap, between AUL retransmissions of the same TB, UE may perform multiple AUL transmissions associated with different HARQ processes, however the eNB has no idea of these transmission at all as shown in Figure 2. 
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Figure 2 

For subframe 1, UE generates a MAC PDU with PHR included. Since only few bytes are transmitted in this subframe, the PH values of both LAA SCell1 and LAA SCell2 are large. However, due to some reasons, e.g., LBT failure, this packet is not successfully transmitted. Then a retransmission is required, upon reception of this retransmission, the eNB assumes that the included PH values refer to subframe2. Considering the PH values are large, the eNB may schedule several large packets in the following subframes on these two LAA SCells. In this case, over scheduling may occur since for subframe2, there are two large packets on AUL transmission which means the PH values are not that large.    
Observation 2: There is some problem with scheduling if the eNB is not aware of the TTI that the included PHR and/or BSR refer to.
In last meeting, companies would like to leave this issue to UE implementation, i.e. regeneration of a MAC PDU to include updated PHR and/or BSR MAC CEs. However, based on current BSR/PHR cancellation mechanism, we think this does not work because once a BSR/PHR MAC CE is included in a MAC PDU, all triggered BSR/PHR will be cancelled. In last meeting, we also agreed that PHY informs the LBT outcome to MAC in order to trigger a quick retransmission in next AUL subframe in case of LBT failure. Based on current agreement, we think the following solutions can be taken into consideration. 
Option 1: MAC starts to generate MAC PDU when LBT is successful 
MAC entity start to generate the MAC PDU after the LBT feedback is ACK if ACK indication is defined for LBT feedback, however, in this case both MAC and PHY does not have enough time to process the MAC PDU since the interval between the reception of LBT feedback and the actual transmission is quite small as analyzed in our companion contribution [2]. In addition, based on current agreement, the MAC layer needs to determine a LBT priority class based on generated MAC PDU and indicate the LBT priority class to the PHY to perform LBT, therefore it is not possible to perform LBT before generating the MAC PDU. 
Option 2: BSR/PHR is cancelled when LBT is successful 
Another possible option is to modify current BSR/PHR cancellation mechanism, i.e., BSR/PHR is cancelled only when an ACK of LBT feedback is received instead of being included in a MAC PDU. In this case, if LBT feedback is ACK, then MAC considers this transmission is performed and can cancel all triggered BSR/PHR. However if LBT feedback is NACK, then MAC does not cancel the triggered BSR/PHR. In case of LBT failure, the MAC PDU is still stored in HARQ buffer and the next question is whether a new transmission or retransmission is performed in next AUL subframe, actually this is up to the UE implementation and PHY just follows the instruction from MAC. If a new transmission is performed, then it is possible to include a new generated BSR/PHR since all triggered BSR/PHR has not been cancelled. If a retransmission is performed, then the ambiguous BSR/PHR issue still exists as the eNB is not aware of the TTI the included BSR/PHR refers to. 
Therefore, this option works only if UE performs a new transmission in next AUL subframe in case of LBT failure. However, one thing needs to be noted that this option can be used to handle the ambiguous PH/BS in this case. Another case is that LBT successes and the transmission is performed from the UE point of view, but due to some reason, the eNB miss-detect this packet, and for this case, this option does not work since the BSR/PHR is cancelled and only out-of-date BSR/PHR is included in next retransmission and the ambiguous BS/PH issue still exists. 
Option 3: The UE signals the time e.g. offset (X, Y) for BS and/or PH calculation
In last RAN1 meeting, RAN1 agreed [3] that “AUL subframes are indicated to UE with an RRC-configured bitmap”. The bitmap is to indicate the AUL transmission opportunities within each periodical bundle. Therefore in order to handle the issue mentioned above, one possible solution is to indicate the time, e.g. offset (X, Y) for BS and/or PH calculation if BSR and/or PHR is included in the MAC PDU. The value X is defined as the offset between the bundle of current transmission and the bundle of initial transmission for this MAC PDU. The value Y is the offset between the first AUL transmission opportunity and the initial AUL transmission for this MAC PDU within the bundle. The UE may need to update value X and for each retransmission if the retransmission is not preformed within the same bundle as the initial transmission for this MAC PDU. One example is shown in Figure 2. A bitmap indicates (1,1,0,1) which means within the bundle, AUL transmission is allowed on the first, second and fourth subframe. If an AUL new transmission is performed on Subframe 2 and a BSR and/or PHR is included in the MAC PDU, then (X,Y) is set to (0,1) and reported. If the initial transmission fails due to, e.g. LBT failure or no HARQ feedback is received, UE needs to perform retransmission and in this example, Subframe 1 within the next bundle is chosen for the first retransmission and (X,Y) is updated to (1,1) and reported. If the eNB detects and decodes the first retransmission correctly, the eNB knows the time of this transmission, i.e. Subframe 1 in current AUL bundle (bundle 2). Then based on the reported (X=1,Y=1), the eNB figures out that the initial transmission is performed within one bundle before current bundle. As for the exact subframe, since Y is set to 1 which means one subframe next to the first AUL transmission opportunity (Subframe 1), the exact time for initial transmission is Subframe 2 of one bundle before current bundle.   
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Figure 2: an example of indicating the time for PH and/or BS calculation
Actually option 3 solves this issue completely since the time for BS/PH calculation is indicated. However considering a majority company does not want to adopt this mechanism, we would like to propose a compromise solution, i.e. option 2, which has no impact on RAN1 and is easier to be implemented. 
Proposal 1: If BSR/PHR is transmitted on LAA SCell, BSR/PHR is cancelled when LBT is successful instead of being included in the generated MAC PDU.
3 Conclusion

In this contribution, we discuss about issues on BS and PH calculation for AUL and have the following observations and proposals. 
Observation 1: The eNB may be not aware of the TTI that the included PHR and/or BSR refers to due to the introduction of AUL.
Observation 2: There is some problem with scheduling if the eNB is not aware of the TTI that the included PHR and/or BSR refer to.
Proposal 1: If BSR/PHR is transmitted on LAA SCell, BSR/PHR is cancelled when LBT is successful instead of being included in the generated MAC PDU.
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