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1 Introduction 
A fundamental difference between NR and LTE user plane protocol stack is that NR adds RLC and MAC headers for each PDCP SDU, whereas in LTE there is only one pair of RLC and MAC headers for each MAC PDU. For this reason, it may sometimes happen that the UE is unable to generate protocol headers for all packets available for transmission within the time it takes to send a BSR and receive an UL grant. Subsequently, the UE may fill part of the grant with padding, wasting radio resources. 

In this document, we first briefly describe the potential scenarios (high data rate with small sized packets) where the situation described above is likely to develop, and then propose potential solutions.
2 Discussion
The combination of high data rate and low latency for NR uplink introduces significant processing challenges at the UE. RAN2 has addressed this situation by allowing the user plane stack to pre-process packet headers for all layers of the protocol stack, from PDCP to MAC. In general, we expect that NR UE implementation of pre-processing will be capable of satisfying the peak data rate requirements, based on the UE category. We observe that the removal of concatenation from the RLC layer implies that the UE has to generate MAC, RLC, and PDCP headers for every IP (or higher layer) packet. In LTE, the protocol processing load per TB at RLC and MAC is largely independent of the number of PDCP PDUs being packed in the TB. However, in NR, the processing load is a function of the number of PDCP PDUs being generated. For this reason, we believe that there may be times when the UE is unable to pre-process all packets available at the PDCP layer within the time it takes to send a BSR and receive an UL grant. In particular, we consider the following two scenarios.
Bursty traffic: When traffic is bursty in nature, the UE is unable to spread the pre-processing load evenly over time. If the LTE baseline for BSR is adopted for NR, then the UE may send an unusually large BSR request just after the arrival of a burst of traffic. In this case, it is possible that the UE is unable to pre-process this burst of packets in time.
Short packets: Since processing load is related to number of packets, UE processing requirement can become challenging when the UL traffic consists of a large fraction of small-sized packets. For example, Table.1 shows the number of PDCP SDUs to be processed to support 100Mbps throughput. If the traffic consists of typical 1500 byte sized IP packets, then the number of PDCP SDUs is about 8333 per second. However, if the UE is running a high speed TCP DL download at (say) 6 Gbps, the TCP ACKs sent in UL will also consume around 100Mbps. However, the average IP packet size in this case is only 52 bytes, and the number of PDCP SDUs processed every second increases to almost 240000. In other words, the number of RLC and MAC headers that needs to be processed by the UE in this scenario is almost 30 times more than what it would normally handle. In this scenario, it is possible that UE may benefit from enhanced BSR reporting as detailed later.

	
	IP packet size = 1500 bytes
	IP packet size = 500 bytes 
	IP packet size =   52 bytes 

	Number of PDCP SDUs per second
	8333
	25000
	240384


Table 1: Number of PDCP SDUs to be processed to support 100Mbps throughput.

Observation 1: UE processing requirement in NR is a function of number of PDCP PDUs being processed. For this reason, the processing requirement is sensitive to traffic burstiness and the packet size distribution of UL traffic.
In LTE, the UE is expected to be able to process all the data reporting in the BSR. The UE is not allowed to send padding when there is data available for transmission. This requirement is not particularly onerous in LTE because the protocol processing load is not strongly dependent on the number of PDCP PDUs being processed. If LTE baseline for BSR is adopted for NR, then the UE needs to report the total amount of data available, including both pre-processed and unprocessed parts. In some scenarios (including those described above), the UE may be unable to process all the data reported in the BSR, and subsequently receive an UL grant larger than the amount of the data the UE has been able to process. In this case, the UE will need to add padding. 
Proposal 1: When the gNB provides a grant and the UE is unable to process headers in time to meet the uplink transmission deadline, the UE shall be allowed to add padding in MAC PDU.
However, this approach faces at least two drawbacks. First, the UE is wasting radio resources by filling the UL grant with padding. Second, the UE also potentially confuses the gNB scheduler by sending the (wrong) signal that its buffer is empty. In order to mitigate these problems, we can think of several possible BSR enhancements to address these issues.
Enhancement #1 (Padding disambiguation): In this enhancement, we allow the UE to provide a cause for why padding is included. The UE can explicitly indicate that the padding is in response to not being able to process headers in time rather than its buffer being empty.
Enhancements #2 (Detailed BSR): In this enhancement, we allow the UE to indicate the total amount of data available for transmission as well as the amount of data that is pre-processed. With the “detailed” BSR, the gNB has a better picture of the UE’s buffer status, and can schedule UL grants accordingly. An illustration of this enhancement (for both short and long BSR formats) is provided in Figure 1. In this example, we have assumed that 6 bits are used for total buffer size, and 6 bits for the pre-processed buffer size. However, these numbers are just for the sake of illustration and will need to be discussed further.
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Figure 1: Example of adding pre-processing information in the BSR
Proposal 2: Both padding disambiguation and detailed BSR enhancements are supported in NR.
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: UE processing requirement in NR is a function of number of PDCP PDUs being processed. For this reason, the processing requirement is sensitive to traffic burstiness and the packet size distribution of UL traffic.
Proposal 1: When the gNB provides a grant and the UE is unable to process headers in time to meet the uplink transmission deadline, the UE shall be allowed to add padding in MAC PDU.
Proposal 2: Both padding disambiguation and detailed BSR enhancements are supported in NR. 
image1.png
e ToulButfrsire | Oct 1 bimap Ot
Preproccsed Buffrsire | R | K| R | Oct2 Toral BufferSie #0 02
Preprocessed Bufer Sire #0 o3

Tora BufferSie #1 Octa

Preprocessed Bufer Sve 41 octs

Total BufferSie #2 ot

Preprocessed Bufer Sre #2 o7





