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1   Introduction

In RAN2#98 meeting, UE requirements on multiplexing for UL grant was discussed and following agreement was made [1]:
Agreements
1.
UE shall support segmentation for all services as well as be prepared to segment for every transmission based on the given limits (parameter X in LCP) for both RLC AM and UM.   The value X is not configurable and the exact value is FFS.

In this paper, we discuss fundamentals related to calculation of parameter X for LCP procedure. 

2   Discussion
In LTE, UE is mandated to transmit data in an uplink grant (i.e. MAC PDU comprising of only padding bits/padding BSR is prohibited), if size of uplink grant is greater than a threshold which is pre-defined in specification and depends on RLC mode of operation. Specifically, following text is present in TS 36.321 to specify the UE behavior:

-if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted);

Based on the above specified text, value of X for LCP procedure in LTE is defined as: 

- 4 bytes for RLC UM data: (1 byte MAC sub-header + 2 byte RLC UM header (assuming 10 bit SN) + 1 byte RLC SDU),
- 7 bytes for RLC AM data: (1 byte MAC sub-header + 5 byte segmented RLC AM header (assuming 16 bit SN) + 1 byte RLC SDU).
 Note that, above calculation allows the UE to include at least 1 byte of user data in the MAC PDU, when sufficient UL grant is allocated.
MAC Header Consideration
The MAC sub-header calculation in LTE assumed that 1 byte header can be included (L field can be omitted for the last sub-header). Given that MAC sub-header always needs to incorporate L field for MAC SDU, it seems reasonable to assume that MAC header length will be greater than 1 byte for calculation of X (currently we can approximate it as 2 byte).
Observation 1 MAC sub-header size can be assumed as 2 bytes for calculation of threshold X
RLC Header Consideration:

In LTE, different values of X are defined for RLC UM and RLC AM packet. The motivation for the same being different header size for RLC AM and RLC UM packets. We can follow the similar principle for NR as well, one value of X can be defined based on SO field being present in RLC header and other value without considering SO field. Such procedure can be easily implemented in LCP, for e.g. if MAC receives an UL grant, MAC shall allocate the UL grant to DRBs. One the first attempt, MAC shall still allocate the uplink grant to a DRB instead of filling it with padding BSR. If RLC PDU only contains header field, then RLC will not return RLC PDU to MAC and MAC will include padding BSR instead. 
Proposal 1: Different values of X can be defined depending on whether SO field is present or not in RLC PDU
Since, it can be argued that for small UL grant, RLC SDUs would most likely be segmented, it is preferable to only consider segmented RLC header size for computation of value of X. 

Proposal 2: Consider only segmented RLC PDU header size for determining value of X

As, RLC AM may have different SN lengths (12 bit and 18 bit), it needs to be discussed whether to consider both SN size to derive the value of X or to only consider 1 value. Defining value of X based on whether packet has 12 bit SN and 18 bit SN brings additional cross-layer interaction between MAC and RLC (where for each packet MAC checks the SN size value), whereas the benefits achieved are not significant. It seems reasonable to only consider highest supported SN size (i.e. 18 bits), so that when UL grant is small (i.e. close to value of X) then number of segmentations can be reduced. Note that, it would still be UE implementation whether UE includes data or not when UL grant is less than X and UE may include BSR in any case to indicate available data if UL grant is small.

Proposal 3: Consider only 18 bit SN size of RLC AM packet for determining value of X 

PDCP Header Consideration
Since, principle for defining X is to ensure that UL grant should include as much data as possible, it can be argued that PDCP header size should also be considered so that calculation of X can take into account actual UE data. However, primary reason why ‘X’ is defined is to perform UL transmissions which include at least some user data which can be combined over subsequent RLC transmissions. This is the reason why RLC header is not considered as user data (previous RLC header is not combined with next RLC transmission data). The same reason does not apply for PDCP header, where PDCP header if transmitted in one RLC transmission can be combined with next RLC transmission containing PDCP SDU.
Proposal 4: PDCP header size is not considered to derive value of X
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
MAC sub-header size can be assumed as 2 bytes for calculation of threshold X
Proposal 1:
Different values of X can be defined depending on whether SO field is present or not in RLC PDU 
Proposal 2:
Consider only segmented RLC PDU header size for determining value of X
Proposal 3:
Consider only 18 bit SN size of RLC AM packet for determining value of X
Proposal 4:
PDCP header size is not considered to derive value of X
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