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1	Introduction
RAN2#94 reached the following agreements for study w.r.t. NR segmentation function [1]:
Agreements:
2	Study whether segmentation function can be configured (enabled/disabled) to support different services
4	Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)

RAN2#95bis agreed the following [2]:
Agreements:
1. The ARQ will be supported in RLC.
2. In NR, the segmentation function is only placed in the RLC layer as in LTE.
3. SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.

Given that the RAN2#95bis meeting agreed to support both ARQ and segmentation in RLC layer, it is assumed the PDU segment level retransmissions will be supported also in NR RLC ARQ function. Complete PDU level retransmissions are also assumed to be supported by PDCP layer, e.g., upon handover. Thus, the agreement 4 above from RAN2 #94 is considered to become obsolete. Hence, we will discuss only the agreement 2 above, i.e. segmentation configurability.
Furthermore, RAN2#AH held in Spokane agreed that [3]:
Agreements
1	As in LTE the UEs shall not send padding if there is data available and the remaining TB size is greater than X bytes (actual number can be discussed later when header sizes are known. In LTE X = 7 bytes)

Agreements
3	Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC)

Section 2.1 discusses the FFS on configurable segmentation and section 2.2 discusses how the SO-based segmentation concept could be realized in NR takin into account the Tx processing as well as overhead impact and addresses also the FFS in the TR about segmentation and re-segmentation of PDU or SDU.
2	Discussion
2.1	Configurable segmentation
RAN2#94 agreed to study whether segmentation function could be configurable to support different services. Segmentation relation to service in question is though questionable – we have seen in LTE we may need to segment even voice packets (when IR packet is sent for instance). Thus, it is clear that each UE should be able to support segmentation function in NR in order to be able to cope with any packet size in any radio condition without facing a deadlock.
Observation 1: Segmentation function has generally no relation to the service in question and should be supported by each NR UE.
It has been discussed whether segmentation could be disabled with high data rates to alleviate the processing requirements in the Tx and Rx. However, assuming NR will exploit a frame structure as LTE with fixed TTI lengths and TB sizes, the ‘high data rate’ concept is basically subject to the grant size per TTI, independently. It may well happen the gNB needs to schedule a small allocation in certain TTI if serving other UEs/transmitting other information at the same time. Furthermore, when application provides large IP packets (e.g., Jumbo frames of 9000 bytes), although the available space in the TB could accommodate several thousands of bytes, without segmentation support it potentially could not be utilized leading to usage of extensive amount of padding (since the complete IP packet did not fit to the available resources in the TB). On the other hand, applying minimum grant size that can be exploited for a certain UE, due to the segmentation function was disabled, would restrict the scheduling opportunities which will affect to the perceivable data rate – i.e., segmentation enables the maximum spectral efficiency and thus also the maximum throughput.
Observation 2: Segmentation function is generally required to be supported also when operating at high data rates.
In principle, applying both of these schemes dynamically could be possible – for instance, when grant size is large enough (i.e. ‘high data rate’ in this TTI) or when amount of padding does not exceed a threshold, the segmentation could be dismissed but would need to be applied otherwise. The latter would make the parameter X in section 1 to be configurable by the NW, however, it is questionable whether there would be any benefit of such scheme as UE should always prepare to segment unless the condition is fulfilled (ie., padding does not exceed the X bytes). Hence, from the system design perspective, it would be simpler to assume the UE is always prepared to segment based on the given limit, ie., X bytes. For configurability of parameter X, it could be left for further study if a use case is found.
Proposal 1: Confirm that UE shall support segmentation for all services as well as be prepared to segment for every transmission based on the given limits (parameter X).
Proposal 2: Discuss if X needs to be configurable to allow dismissing segmentation on per TB/TTI basis.
2.2	NR SO-based segmentation
SO-based segmentation is applied in LTE by AM RLC entity for re-segmenting RLC data PDUs into AMD PDU segments based on Re-segmentation Flag, Last Segment Flag, and Segment Offset field in the RLC PDU header – this is done to separate different segments when the same RLC SN is retained for all the segments. If the Re-segmentation Flag is set, this indicates to the receiver the SO field and Last Segment Flag are present in the RLC PDU header and the PDU is an AMD PDU segment. With the agreements to support SO-based segmentation for NR for segmentation and re-segmentation as well as removal of RLC concatenation, the naming convention to be used (whether to apply segmentation on RLC SDU or RLC PDU) has no difference as long as each segment of a certain SDU/PDU populates the same RLC SN. In the following part of the contribution we used the naming convention of RLC PDU segment.
Proposal 3: NR segmentation applies the same RLC SN for each segment of the same RLC SDU/PDU.
Based on the agreement to use SO-based segmentation for both segmentation and re-segmentation in NR, the Re-segmentation Flag could be called as Segmentation Flag (to indicate whether the RLC PDU is an AMD PDU or AMD PDU segment) and LSF will be needed at least when the RLC PDU is segmented. However, as these both fields will be most of the time needed anyway in the RLC PDU header, it makes sense to combine them to form similar field to LTE’s FI (Framing Info) – call it Segmentation Control (SC) field. The SC field interpretation could then be, e.g., the following:
Table 1: Segmentation Control interpretation
	Value
	Description

	00
	A complete RLC PDU

	01
	First segment of an RLC PDU

	10
	Last segment of an RLC PDU

	11
	Middle segment of an RLC PDU



Compared to separate Segmentation Flag and Last Segment Flag, the combined Segmentation Control field has the advantage of being able to separate first and middle segments of an RLC PDU with the same amount of bits. As for the first segment the SO field encoding will always comprise a row of ‘0’, the SO field can be omitted if the first segment can be indicated. 
Thus, on top of reducing the overhead by 2 bytes from each first segment, such approach would eliminate the header re-structuring need during the segmentation process maximizing the possible offline pre-processing in the transmitter. This is because:
- If a complete RLC PDU is to be transmitted and segmented, only the MAC length indicator and one bit of SC needs to be re-encoded in real time.
	- The same applies also to first RLC PDU segment to be re-transmitted and re-segmented.
- If RLC PDU segment (not the first) is to be transmitted in a subsequent MAC PDU (or to be re-transmitted) and further segmented, the SO field encoding can be done in advance offline and only the MAC length indicator and (at most) one bit of SC needs to be re-encoded in real time.
- I.e., the RLC PDU header structure does not need to be changed during the MAC PDU creation due to segmentation decisions.
An example illustration of the segmentation scenarios (with first time segmentation and further segmentation) based on the above scheme is illustrated in the following figure 1 for LC1 (Logical Channel 1) and LC2, respectively.


Figure 1: Illustration of RLC segmentation and re-segmentation in the transmitter.
In the above figure 1, Tx side illustration is given where a complete RLC PDU with SN3 (RLC or PDCP SN) is first time segmented to the available TB resources for LC1 and an already segmented RLC PDU with SN1 is segmented further to the available TB resources for LC2. As for the LC1 in MAC PDU the segmented RLC PDU with SN3 is a first segment, the SC field would indicate this and SO field is not required. For the LC2 the segmentation applies to an already segmented RLC PDU (AMD PDU segment), thus, the SO field is already encoded when in the buffer and only the SC field value (from last segment to middle segment) is re-encoded along with the MAC length field value. Since the header structure remains unchanged upon real time segmentation, the transmitter processing can be facilitated to great extent. It should be noticed that in case of re-transmission, the re-segmentation scheme behaves equally to the segmentation scheme. In case of LC1, alternatively the MAC headers in the figure could include LCID and Length fields for the first SDU and only the Length field for subsequent SDUs when concatenation is applied.
Observation 3: SO-based segmentation can be optimized for both overhead as well as Tx processing by being able to differentiate between a complete RLC PDU and first, middle, or last segments of an RLC PDU in a RLC PDU header. This can be achieved, e.g., by combining the Segmentation Flag and Last Segment Flag to form a Segmentation Control which interpretation is illustrated in Table 1.
Proposal 4: Apply Segmentation Control along with the SO-based segmentation in NR, indicating the RLC PDU/RLC PDU segment is a complete RLC PDU, first segment, last segment, or middle segment of a RLC PDU.
3	Conclusion
In this contribution we analysed the NR segmentation concept and made the following observations.
Observation 1: Segmentation function has generally no relation to the service in question and should be supported by each NR UE.
Observation 2: Segmentation function is generally required to be supported also when operating at high data rates.
Observation 3: SO-based segmentation can be optimized for both overhead as well as Tx processing by being able to differentiate between a complete RLC PDU and first, middle, or last segments of an RLC PDU in a RLC PDU header. This can be achieved, e.g., by combining the Segmentation Flag and Last Segment Flag to form a Segmentation Control which interpretation is illustrated in Table 1.
Based on the observations, we can make the following proposals for the NR segmentation design:
Proposal 1: Confirm that UE shall support segmentation for all services as well as be prepared to segment for every transmission based on the given limits (parameter X).
Proposal 2: Discuss if X needs to be configurable to allow dismissing segmentation on per TB/TTI basis.
Proposal 3: NR segmentation applies the same RLC SN for each segment of the same RLC SDU/PDU.
Proposal 4: Apply Segmentation Control along with the SO-based segmentation in NR, indicating the RLC PDU/RLC PDU segment is a complete RLC PDU, first segment, last segment or middle segment of a RLC PDU.
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