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1 Introduction
A principal difference between NR and LTE user plane protocol stacks is that NR supports pre-processing of user plane protocol headers to deal with the much higher data rate and shorter processing time requirements. In [1], we have examined the impact of pre-processing on the Buffer Status Reporting (BSR) mechanism. In this document, we clarify our proposals in [1] by providing some additional discussion and motivation.
2 Discussion
In LTE, BSR is used by the UE to inform the eNB of the amount of data available for transmission from one or more logical channels. In LTE only the PDCP header can be pre-processed, and the RLC and MAC protocol headers are computed in real-time in LTE, based on the uplink grant. It is expected that the UE is capable of computing all these headers in time before an uplink transmission is due. 
[bookmark: _GoBack]In the case of NR, the UE may have completely pre-processed only part of the data available for transmission. If the LTE BSR approach is used, then the UE will report the totality of data available for transmission (including pre-processed and unprocessed data). If the gNB provides a grant equal to the requested BSR, then it is possible that the UE will not be able to process headers (for the unprocessed data) in time to meet the uplink transmission deadline. By filling the UL grant with padding, the UE not only wastes radio resources but also potentially sends the wrong signal to the gNB that its buffer is empty. In order to avoid this kind of over-allocation, the UE should be able to indicate the amount of preprocessed data available for transmission in the BSR.
Observation 1: The problem of over-allocation of UL grants can be solved if the BSR contains the amount of pre-processed data that is available for transmission.
However, reporting only the amount of pre-processed data also can lead to under-reporting of the data that is available for transmission at the actual instant of transmission. Since there is some delay between the time the BSR is received, and the time the UE needs to transmit, it is expected that the UE will be able to pre-process additional data during this time. A straightforward solution to this problem would be let the UE report the amount of pre-processed data as well as the unprocessed data to the gNB. The gNB scheduler can then estimate the amount of data that would be available (e.g., based on UE category) and schedule accordingly. Accordingly, we propose the following.
Proposal 1: NR BSR should allow the UE to report the amount of both pre-processed and unprocessed data available for transmission.
In our view, knowledge of the full buffer status (processed + unprocessed data) is important for the gNB. For example, in low data scenarios, it may be sufficient to configure reporting of just the full buffer (like in LTE). Also, the full buffer status can be used not only for scheduling purposes but to inform other gNB decisions (e.g., deploying CA or DC). For these reasons, we think that full buffer status reporting should be mandatory, and the network can configure enhanced BSR reporting (Proposal 1) as needed.
Proposal 2: The UE shall always report the full buffer status i.e., the total amount of both pre-processed and unprocessed data.
It is also possible to consider various additional enhancements to allow the gNB to better predict the amount of data that will be processed by the UE. We consider some enhancements below.
Option 1: The UE reports the amount of data it can pre-process per TTI. This information can be used by the gNB scheduler to determine how much UL grant to provide.
Option 2: The UE reports data that can be processed by time N+t1, where N corresponds to the subframe when the BSR was sent, and t1 is some preconfigured duration (e.g., 1ms or 2ms). Based on this information, the gNB can estimate the UE’s per TTI processing capability and schedule accordingly.
Option 3: The UE reports the time (N+t2) when it expects to finish pre-processing of the reported unprocessed data.
We are not advocating any particular enhancement but to point out that the UE can provide additional information to assist in scheduling. In our view, just reporting the amount of unprocessed and preprocessed data may be sufficient from a scheduling point of view since the UE can anyways report multiple BSRs as needed.
Proposal 3: RAN2 is requested to discuss if additional enhancements to BSR is required to allow the gNB scheduler to better predict the UE’s buffer status.
3 Conclusions	
In the paper, we provide some views on BSR enhancements to support pre-processing in NR. Our observations and proposals are summarized below.

Observation 1: The problem of over-allocation of UL grants can be solved if the BSR contains the amount of pre-processed data that is available for transmission.
Proposal 1: NR BSR should allow the UE to report the amount of both pre-processed and unprocessed data available for transmission.
Proposal 2: The UE shall always report the full buffer status i.e., the total amount of both pre-processed and unprocessed data.
Proposal 3: RAN2 is requested to discuss if additional enhancements to BSR is required to allow the gNB scheduler to better predict the UE’s buffer status.
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