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1.	Introduction
In RAN2#97bis, RAN2 agreed that The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed.
In this contribution, we discuss numerology related BSR enhancement and the granularity aspect that needs to be considered in NR.
2.	Discussion
2.1 Numerology aspect in BSR
In NR, a logical channel will be mapped to a numerology which is to be used for transmission of data from the logical channel, where there can be multiple numerologies mapped to a logical channel. Here, we assume that numerology is TTI length (TTI Type) [R2-1705237].
As the logical channel data can only be transmitted by using the allowed numerologies, it is important for the gNB to know what numerology of uplink grant needs to be scheduled. For this, it is necessary for the gNB to know the buffer size for a numerology. A couple of options are listed below.
Option 1. BSR per LCG
In Option 1, the gNB allocates logical channels with the same numerology into one LCG. Given that there can be multiple numerologies for a logical channel, a logical channel may belong to multiple LCGs. In this case, Option 1 may lead to excessive buffer size reporting and waste of uplink resource. Alternatively, a logical channel may belong to one LCG even though the logical channel is mapped to multiple numerologies. Then, as the gNB cannot tell which logical channels has data within the LCG, the gNB may not be able to provide uplink grant with other numerologies that can be used by a logical channel. In addition, the priority of the logical channel needs to be considered together with numerology in allocating the LCG, which may not be so easy. In the meanwhile, there is only four LCGs today. As there will be various numerologies, the number of LCG would need to be increased. 
Option 2. BSR per numerology
One direct way is to report BSR per numerology. Similar to Option 1, buffer size per numerology would lead to excessive buffer size reporting and waste of uplink resource as there can be multiple numerologies for a logical channel. The more the numerologies are mapped to a logical channel, the more duplicated buffer size will be reported for the logical channel. Therefore, in order to avoid excessive buffer size reporting, the UE may need to select only a part of the numerologies for a logical channel and counts the buffer size of the logical channel only for those selected numerology. 
In addition, in case of truncation, the UE needs to determine the numerology of which BS is truncated or reported to the gNB. For example, the UE may select to report the BS of the numerology with highest logical channel priority or the numerology with the shortest TTI length.
Option 3. BSR per logical channel
Another possible option is to report the buffer size per logical channel. As the gNB knows which numerologies are mapped to each logical channel, the gNB can easily figure out what numerology of uplink grant needs to be provided. 
There could be a concern on the overhead. However, the gNB can control the overhead by uplink grant because the UE cannot transmit the BSR larger than the received UL grant, i.e., the UE will truncate the BSR. Note that in ProSe, SL BSR MAC CE is newly introduced where the buffer size of logical channel is included in decreasing order of the highest priority of the sidelink logical channel. Similar approach can be applied to NR BSR, i.e., the buffer size of logical channels are included in decreasing order of the priority of logical channel.

Option 1 and Option 2 would be similar if the number of LCGs increases and only the logical channels with the same numerology belong to one LCG. However, it may reduce the gNB scheduling flexibility because the gNB cannot assume which logical channel has data within the LCG/numerology and doesn’t know which numerology can be used other than the numerology of which BS is reported. Therefore, Option 3 seems better in terms of granularity and scheduling flexibility.
Proposal 1. In NR, buffer size is reported per logical channel.

2.2 BSR avoiding over/under-scheduling
In LTE, MAC triggers BSR if data becomes available in empty buffer regardless of the amount of data. Thus, even a very small amount of data could request uplink grant, and the UE may get only a small amount of uplink grant even though there are more data coming, i.e., under-scheduling. We think it is inefficient to request uplink grant too early only to report very small amount of data. Instead, it would be good to wait for a while to request uplink grant expecting that there would be more data coming.
For this, MAC may need to trigger BSR only if it is not scheduled for a long time and certain amount of data is stuck in the UE side. One may think it delays the BSR, but the benefit is to avoid over-scheduling and receive proper amount of uplink grant at the cost of patience.
Proposal 2. In NR, in order to avoid over-scheduling and facilitate efficient scheduling, the UE triggers BSR if data exceeding a certain amount is not scheduled for a long time.

[bookmark: _GoBack]In BSR operation, the buffer size refers to the amount of data available for transmission in both of PDCP and RLC. In other words, the buffer size is calculated as a sum of PDCP data amount and RLC data amount, and then reported via one BSR MAC CE. Accordingly, the eNB cannot tell the PDCP data amount and RLC data amount separately. 
In LTE DC, over-scheduling problem was pointed out regarding split bearer because two eNBs may over allocate uplink resource for the PDCP data of split bearer. In the end, it was considered that good eNB coordination could avoid over-scheduling problem.
However, the situation in E-UTRA-NR Dual Connectivity (EN-DC) may be different from LTE DC. For instance, tight coordination between eNB/gNB may become more complex. In addition, tight coordination may bring additional signaling overhead across Xx interface especially when short TTI is used in NR. Moreover, it wouldn’t be desirable to force tight coordination between different RATs. 
In order to make the coordination between eNB/gNB easier, it would be helpful to report PDCP data amount and RLC data amount separately. By having PDCP data amount separately, each scheduler, i.e., eNB/gNB, could allocate uplink resource without tight coordination by having a general principle in scheduling PDCP data. 
Reporting PDCP data amount separately would also be beneficial in case multiple nodes are assumed, i.e., multi-split bearer. For example, for multi-split bearer, only some eNB/gNBs may mainly serve the multi-split bearer in order to avoid resource waste [R2-166645]. In this case, reporting PDCP data amount only to some eNB/gNBs, coordination effort could be reduced.
Proposal 3. In NR, in order to avoid tight scheduling coordination in EN-DC, the UE reports PDCP data amount separately.

3.	Conclusion
In this contribution, we discussed BSR enhancement in New RAT WI, and propose:
Proposal 1. In NR, buffer size is reported per logical channel.
Proposal 2. In NR, in order to avoid over-scheduling and facilitate efficient scheduling, the UE triggers BSR if data exceeding a certain amount is not scheduled for a long time.
Proposal 3. In NR, in order to avoid tight scheduling coordination in EN-DC, the UE reports PDCP data amount separately.
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