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1   Introduction
In RAN2#98, the following agreements were made regarding to LCP [1]:
	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.  

2.
As in LTE, temporary negative token in LCP to skip segmentation and maximise transmission of data is adopted for NR as well.   

3.
FFS if in LTE the UE could skip segmentation for one LCH when there is other data for transmission for another LCH that does not require segmentation.  This is handled by the UE implementation.


In this contribution, we will discuss how to decide the exact values of the parameter X. 
2   Discussion 
2.2   The X value in LTE
In LTE, regarding to LCP there is one rule specified in TS 36.321:
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);
And for SL-SCH, the description in TS 36.321 is:

if the MAC entity is given an sidelink grant size that is equal to or larger than 10 bytes (for sidelink communication) or 11 bytes (for V2X sidelink communication) while having data available for transmission, the MAC entity shall not transmit only padding.
These rules are to make sure that when the grant size is equal or larger than a certain value, UE will not transmit only padding to improve resource efficiency. The reason of not forbidding UE to transmit padding BSR or padding when the grant size is less than a certain value is to avoid unnecessary transmission of RLC and MAC headers only. 
For instance,  for LTE UL, if the remaining grant size is 3 bytes and UE is not allowed transmit padding, the UE can only transmit 2 bytes MAC subheader plus 1 byte RLC header, and thus no RLC payload can be transmitted. Therefore in LTE, 4 bytes is used as the threshold of X for normal case and 7 bytes is for AMD PDU segments as AMD PDU segments have longer RLC headers. As for LTE sidelink transmission, due to the larger MAC header size, the value is extended to 10 and 11 bytes.
Observation 1: In LTE, when the grant size is not less than a threshold of X, the UE shall not transmit padding or padding BSR only. For LTE UL, the threshold X is set to 4 or 7 bytes by taking into account the RLC and MAC header size.
In NR, it has been agreed that parameter X is used in LCP and is not configurable. The exact value needs to be further studied. In the following sections, we will analyse the sizes of  MAC/RLC headers which affect the X value and give the appropriate X values.  
2.3   The size of MAC/RLC headers in NR

In NR, when data travels through Layer 2, it will in sequence bypass SDAP layer, PDCP header, RLC header and MAC header. During the process, the data will be attached with corresponding headers in each layer. The size of header is different in different layers and may even vary in the same layer subject to the configuration. It is worth noting that although the exact formats are not settled, it does not affect the header size in byte level for MAC/RLC formats. As the MAC/RLC header sizes affect the X value, they are analysed below.
RLC headers in NR
According to the analysis in [2], for AM mode, the RLC SN is consistent with PDCP SN which is 12bits and 18bits. As for UM mode, the RLC SN can be reduced to 5 bits if RLC SN is not added for non-segmented SDUs. For segmented SDUs, the SO field needs to be added in the header which will add two more bytes. Therefore, the RLC header is 2 or 3 bytes for non-segmented SDU and 4 or 5 bytes for segmented SDU in AM mode. And the RLC header is 1 bytes for non-segmented SDU [3] and 3 bytes for segmented SDU in UM mode. 
MAC headers in NR
The MAC header size for data packets is 2 or 3 bytes as in LTE for different payload lengths. However, here we are talking about the small remaining grants, so the shorter length field (i.e. 7 bits) should be used and only the MAC header of 2 bytes needs to be considered. 
The MAC/RLC header sizes are summarized in Table 1:

Table 1 MAC/RLC header sizes
	
	RLC layer
	MAC layer

	
	AM non-segmented
	AM segmented
	UM non-segmented
	UM segmented
	

	Header size
	2 or 3 bytes
	4 or 5 bytes
	1 bytes
	3 bytes
	2 bytes (note: 3 bytes MAC subheader does not need to be considered as in LTE)


2.4   The X value in NR

According to the analysis above, the total MAC and RLC header size could be:

· 3 bytes (2 bytes MAC subheader + 1 bytes RLC header ) when the RLC PDU is UM non-segmented
· 4 bytes (2 bytes MAC subheader + 2 bytes RLC header ) when the RLC PDU is AM non-segmented with 12 bit SN
· 5 bytes (2 bytes MAC subheader + 3 bytes RLC  header ) when the RLC PDU is AM non-segmented with 18 

bit SN or when the RLC PDU is UM segmented with 5 bit SN 
· 6 bytes (2 bytes MAC subheader + 4 bytes RLC header ) when the RLC PDU is AM segmented with 12 

bit SN
· 7 bytes (2 bytes MAC subheader + 5 bytes RLC header ) when the RLC PDU is AM segmented with 18 

bit SN
The value of X should be 1 byte more than the sizes of MAC header plus RLC header.
Table 2 Values for Parameter X

	
	Different cases of RLC transmission

	
	UM non-segmented
	AM non-segmented with 12 bit SN
	AM non-segmented with 18 bit SN
	UM segmented with 5 bit SN
	AM segmented with 12 bit SN
	AM segmented with 18 bit SN

	X Value
	4 bytes
	5 bytes
	6 bytes
	7 bytes
	8 bytes


All the values in the Table 2 should be considered when determine the value of Parameter X. Based on the analysis above, we have the following proposals.
Proposal 1: Parameter X can be fixed but should be different for the different cases subject to the RLC configuration.

Proposal 2: The values of parameter X is 4bytes for UM non-segmented case, 5bytes for AM non-segmented case with 12 bit SN, 6bytes for AM non-segmented case with 18 bit SN and for UM segmented case with 5 bit SN, 7 bytes for AM segmented case with 12 bit SN and 8 bytes for AM segmented case with 18 bit SN.
Proposal 3: As in LTE, if the remaining grant size is less than the parameter X, the UE is allowed to transmit padding or padding BSR  only.
3    Conclusion
By discussing the value of Parameter X, we have the following proposal:

Observation 1: In LTE, when the grant size is not less than a threshold X, the UE shall not transmit padding or padding BSR only. For LTE Uu, the threshold X is set to 4 or 7 bytes by taking into account the RLC and MAC header size.

Proposal 1: Parameter X can be fixed but should be different for the different cases subject to the RLC configuration.

Proposal 2: The values of parameter X is 4bytes for UM non-segmented case, 5bytes for AM non-segmented case with 12 bit SN, 6bytes for AM non-segmented case with 18 bit SN and for UM segmented case with 5 bit SN, 7 bytes for AM segmented case with 12 bit SN and 8 bytes for AM segmented case with 18 bit SN.
Proposal 3: As in LTE, if the remaining grant size is less than the parameter X, the UE is allowed to transmit padding or padding BSR only.
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