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1   Introduction
At RAN2#95bis [1], RAN2 discussed the issue related to BSR for two-stage scheduling and concluded that no change is needed. However, we think there are still some issues needed to be clarified. In this contribution, we will further discuss the possible impact on BSR and provide our considerations.
2   Discussion
Based on current MAC specification, it is UE implementation when the BSR MAC CE is built for a UL grant received from lower layers; however the MAC specification has stated that the BSR always reflect the latest buffer state for the transmitted sub-frame even if this BS may be inaccurate. In legacy, due to the unpredictable new arrival data after the build of a BSR MAC CE, the reported BSR may be smaller than the actual buffer size for the transmitted subframe.  This data has to be scheduled after the subsequent BSR is transmitted. No problem is foreseen.
	All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.


Observation 1: for legacy scheduling, the Buffer Size in BSR MAC CE is a buffer state for the transmitted sub-frame even if this BS may be inaccurate.
Furthermore based on email discussion, there is no common understanding on BS calculation for legacy scheduling. e.g. if a BSR MAC CE is to be reported for UL grant 2, and the UE may receive another UL grant 3 later. However it is not clear whether the calculated BSR should take UL grant 3 into account. 
N:                       Grant 1 received

N+2:                   Grant 2 received for which a BSR will be included

N+4:                   Grant 3 received and TX of PDU1 (for Grant 1)
N+6:                   TX of PDU2 (for Grant 2) including a BSR

N+8:                   TX of PDU3 (for Grant 3)

In our understanding, to avoid ambiguous BS between UEs due to different capacities the Grant 3 should not be included in the BSR.
Observation2:  when a MAC PDU is built for a UL grant with fixed timing between grant and transmission, the BSR included should take other grants received in the same TTI as well as grants received earlier into account. 
At last meeting, for Two-stage scheduling RAN2 agreed the MAC PDU will be generated upon the step-1 grant and submitted to lower layer. For this case, the BS calculation needs to be clarified, e.g. if this requirement “All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI.” needs to be guaranteed or not
· If the requirement does need to be guaranteed, i.e. the BSR always reflects the latest buffer state for the transmitted sub-frame as legacy, either the UE starts to generate the MAC PDU after receiving the step-2 grant or eNB is required to not schedule the UE on other licensed cells after the step-1 grant.
· If the requirement does not need to be guaranteed, i.e. the BSR is not required to reflect the latest buffer state for the transmitted sub-frame, the next issue is whether the subframe for BS calculation should be known by eNB. If the subframe is unknown to eNB, therefore the reported BSR may be larger than the actual UE’s buffer size which leads to over-scheduling in eNB’s subsequent scheduling, an example is shown as below. 
Specifically when eNB schedules a LAA SCell for two-stage scheduling and BSR is to be reported, then between the BSR MAC CE construction subframe and the transmitted subframe, eNB may schedule other licensed cell for QoS requirement of time-sensitive data, e.g. Voice on PCell, which is not allowed to be transmitted on LAA SCells. After receiving the BSR MAC CE from the LAA SCell, the eNB is not aware whether this BS has excluded the scheduled time-sensitive data or not since eNB doesn’t know for which subframe the BSR is calculated. Therefore over-scheduling may occur due to this inaccurate information reported from UE side. One example is shown in Figure 1.
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 Figure 1: BSR in two-stage scheduling

In SF8, the UE’s buffer size from BSR2 is 500 bytes which is more than the latest buffer size (200 bytes). After receiving the BSR2, the eNB will schedule the UE based on this BSR2. Therefore the eNB allocate 500 bytes grant for PCell, the allocated resource in PCell is mostly wasted since only 200 bytes is left in buffer.

Observation3:  for two-stage scheduling, if the subframe which the BSR is calculated for is unknown to eNB, the reported BSR may be larger than the actual UE’s buffer size. 
To solve this issue, three options are available:

Option 1: the BSR MAC CE is generated after the step-2 grant

This option has been excluded during RAN2#95bis, and an LS has been sent to RAN1.

Option 2: it depends on UE implementation
This option may bring over-scheduling case as discussed above.

Option 3:  the subframe used to calculate the BS shall be aligned between network and UE, e.g. a reference subframe is used for BS calculation.

The reference subframe can be 4ms after the subframe receiving the step-1 grant. The advantage is that over-scheduling issue is solved. If eNB schedules UE on other licensed cells after the step-1 grant, based on the reported BSR, eNB can figure out the actual buffer size since eNB is aware of the subframe for which the BSR is calculated. The disadvantage of this solution is some impact on the specification. 
Option 4:  when calculating BSR, UL grants received after step-1 grant is not taken into account.
This option is aligned with the legacy UE behaviour and over-scheduling issue can be solved. 
Hence we propose

Proposal:  RAN2 is suggested to choose one of the proposed four options.
3   Conclusion
In this contribution, we discussed BSR issue and propose:
Observation 1: for legacy scheduling, the Buffer Size in BSR MAC CE is a buffer state for the transmitted sub-frame even if this BS may be inaccurate.
Observation2:  when a MAC PDU is built for a UL grant with fixed timing between grant and transmission, the BSR included should take other grants received in the same TTI as well as grants received earlier into account.
Observation3:  for two-stage scheduling, if the subframe which the BSR is calculated for is unknown to eNB, the reported BSR may be larger than the actual UE’s buffer size. 
Proposal:  RAN2 is suggested to choose one of the proposed four options.
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