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1      Introduction
In RAN2#98 meeting, following was agreed regarding LCP:
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.  

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

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 discuss minimum size of UL grant to transmit RLC data and whether UE can skip segmentation for one LCH when there is other data for transmission for another LCH that does not requirement segmentation.
2      Discussion
2.1     Minimum size of UL grant to transmit RLC data
In LTE, one of the rules UE should follow when performing LCP is as follows (TS 36.321 section 5.4.3.1):
-
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).

The methodology to derive the 4 byte limit is according to [1]. There are two cases:
· AMD PDU segment is not transmitted: in this case, 1 byte MAC sub-header and 2 byte RLC AM header are assumed in [1], therefore 1 byte RLC SDU can be transmitted within 4 byte UL grant size.
· AMD PDU segment is transmitted: in this case, there is no explanation on how 7 byte limit is derived in [1]. There are different interpretations in recent RAN2 contributions, e.g.
· 1 byte MAC sub-header + 5 byte RLC header + 1 byte RLC SDU: as from [5].
· 1 byte MAC sub-header + 4 byte RLC header + 2 byte PDCP header: as from [2].

Looking at the header sizes in LTE, there could be many different combinations for the header sizes. MAC sub-header size could be 1, 2, or 3 bytes. RLC headers could have following sizes assuming that there is only one RLC SDU within a RLC PDU (i.e. RLC header only contains fixed part): 
· 1 and 2 byte RLC UM header for 5 and 10 bit RLC SN, respectively.
· 2 and 3 byte header for AMD PDU for 10 and 16 bit RLC SN, respectively.
· 4 and 5 byte header for AMD PDU segment for 10 and 16 bit RLC SN, respectively. 
It can be seen that even if there are several conditions related to how to derive the value X (RLC UMD PDU/AMD PDU/AMD PDU Segment, SN size, MAC header size), eventually RAN2 settles down to only consider one factor (i.e. whether AMD PDU Segment is to be used). For NR, it is natural to go along the similar principle (i.e. at most two cases are considered) to select minimum UL grant size X in NR, to minimize the complexity. Another perspective is that the main purpose of minimum UL grant size is to avoid UE to transmit padding for small UL grants, therefore there is no need to over-specify.

Observation 1: At most two cases are considered to select the minimum UL grant size in NR.
Now we investigate the actual value of X to be used in NR. Related layer 2 header sizes are agreed below for NR:
· MAC: 1 byte for fixed size MAC CE, 2 and 3 bytes otherwise.

· RLC UM

· 6 bit SN: header size can be 1 byte (without SO field) and 3 bytes (with SO field).

· 12 bit SN: header size can be 1 byte (without SN or SO field), 2 bytes (with SN field but without SO field), and 4 bytes (with SN field and SO field).

· RLC AM:
· 12 bit SN: header size can be 2 bytes (without SO field) and 4 bytes (with SO field).
· 18 bit SN: header size can be 3 bytes (without SO field) and 5 bytes (with SO field).

· PDCP: header size can be 2 or 3 bytes, for 12 and 18 bit SN, respectively.
· SDAP: header size can be 0 or 1 byte. 
Since the main purpose of segmentation restriction is to allow transmission of user data instead of padding or padding BSR, it is natural to consider that MAC sub-header as two bytes, whose corresponding sub-PDU can carry RLC SDU with maximum size of 256 bytes.
Observation 2: When selecting minimum UL grant size in NR, 2 byte MAC sub-header is assumed.
Since the main intention of specifying UL grant size is to avoid UE to transmit padding for small UL grants, it is natural to assume the minimum RLC SDU size is 1 byte.
Observation 3: When selecting minimum UL grant size in NR, 1 byte RLC SDU size is assumed.
In Table 1 below, minimum UL grant size for various configurations are shown. The main variation is the RLC header size. 
Table 1: Minimum UL grant size
	RLC mode
	SN size (bit)
	Complete SDU or segment
	MAC sub-header (byte)
	RLC header (byte)
	RLC SDU (byte)
	Total (byte)

	RLC AM


	12


	Complete SDU or 1st segment
	2
	2
	1
	5

	
	
	2nd or later segment
	2
	4
	1
	7

	
	18

	Complete SDU or 1st segment
	2
	3
	1
	6

	
	
	2nd or later segment
	2
	5
	1
	8

	RLC UM
	6
	Complete SDU or 1st segment
	2
	1
	1
	4

	
	
	2nd or later segment
	2
	3
	1
	6

	
	12
	Complete SDU
	2
	1
	1
	4

	
	
	1st segment
	2
	2
	1
	5

	
	
	2nd or later segment
	2
	4
	1
	7


Given above discussion, it can be seen that there are two approaches to define minimum UL grant: 
· Option 1: Following LTE approach, i.e. defining minimum UL grant sizes for two scenarios: with and without SO fields. When SO is not included, it can be seen that the limit can be 4, 5, or 6 bytes depending on scenario. When SO field is included, the limit can be 6, 7, and 8 bytes. To accommodate the worst case, minimum UL grant size can be formulated as: if the MAC entity is given an UL grant size that is equal to or larger than 6 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 8 bytes and an RLC SDU segment with SO fields needs to be transmitted).
· Option 2: a single value (maximum value of 8 bytes in Table 1 above) is defined for all the cases. In this option, the minimum UL grant can be specified in the following manner: if the MAC entity is given an UL grant size that is equal to or larger than 8 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding. If the UL grant size is less than 8 bytes, then it is up to UE implementation on whether to transmit padding BSR, padding or RLC SDU.
Proposal 1: RAN2 to discuss which option to adopt for the minimum UL grant size:
· Two values (6 and 8 bytes) are defined based on whether SO field is included or not.
· A single limit of 8 bytes is defined. 

2.2     Skipping of segmentation
Regarding whether UE could skip segmentation for one LCH when there is other data for transmission for another LCH that does not require segmentation, analysis from [4] shows that the potential overhead reduction is not big and there could be starvation problem. We agree with the analysis. In addition, there are other issues like computation complexity and violation of LCP principles. 
NR LCP procedure steps are copied below:
	The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels in the following:
2>
logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

2>
the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;
NOTE:
The value of Bj can be negative.

2>
if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.


If the skipping mechanism is allowed, after a logical channel is allocated resources (in steps highlighted above) but a segmentation happens for a RLC SDU of the logical channel, the MAC entity should check whether other logical channels can be served without segmentation. There is additional computation involved. In addition, LCP principle of PBR and configured LCH priority might be violated when one logical channel is replaced with another logical channel. For example, considering to apply segmentation skipping for the 2nd step highlighted above. If LCH A and LCH B are of the same priority, and LCH A is not served due to segmentation while LCH B is served instead, more priority is given to LCH B. If LCH A has higher priority over LCH B, but is not served due to segmentation, the priority of LCH A and B are actually reversed.
Observation 4: There is computation complexity and violation of LCP principles when skipping segmentation is supported.
Given above analysis, it is proposed to not consider segmentation skipping.
Proposal 2: The UE should not skip segmentation for one LCH when another LCH has data transmission which does not require segmentation.
3      Conclusion
In this contribution, we discuss minimum size of UL grant to transmit RLC data and whether UE can skip segmentation for one LCH when there is other data for transmission for another LCH that does not requirement segmentation. We have the following observations.

Observation 1: At most two cases are considered to select the minimum UL grant size in NR.
Observation 2: When selecting minimum UL grant size in NR, 2 byte MAC sub-header is assumed.
Observation 3: When selecting minimum UL grant size in NR, 1 byte RLC SDU size is assumed.
Observation 4: There is computation complexity and violation of LCP principles when skipping segmentation is supported.
We propose the following:
Proposal 1: RAN2 to discuss which option to adopt for the minimum UL grant size:

· Two values (6 and 8 bytes) are defined based on whether SO field is included or not.

· A single limit of 8 bytes is defined. 

Proposal 2: The UE should not skip segmentation for one LCH when another LCH has data transmission which does not require segmentation.
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