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1	Introduction
RAN2#94 reached the following agreements for study wrt. NR segmentation [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)

This contribution discusses the directions for NR segmentation concept.
2	Discussion
Segmentation in LTE is performed by RLC layer, which supports two types of segmentation schemes (with AM mode): segmentation of RLC SDU into AMD PDU (based on Framing Info bits in the RLC PDU header) and re-segmentation of RLC data PDU into AMD PDU segment (based on Re-segmentation and Last Segment Flags and Segment Offset field in the RLC PDU header). 
The segmentation into the available TB resources has to be performed within the real time processing limits (i.e., when a grant is received), thus it is one of the real-time functions the Tx has to perform. However, the segmentation (unlike concatenation as discussed in [2]) does not prevent precomputation of MAC and RLC headers in the transmitter before the grant is received – only the headers of the packets that are subject to segmentation during the MAC PDU creation may need to be re-encoded. Effectively, this means only the last packet placed into the MAC PDU for each DRB that is multiplexed into the MAC PDU.
Observation #1: Segmentation function does not prevent the precomputation of MAC and RLC headers in the transmitter side (unlike concatenation function).
Similar to LTE, the PDU segment level re-transmission should be supported in NR, too (discussed further below in 2.2). Therefore, the segmentation in NR should be performed in the same layer as the ARQ operation, i.e., in RLC. However, in order to be able to make ARQ function independent of strict real time processing requirements and to enable flexible ARQ function placement in the network, the NR segmentation concept needs to be designed to allow that. 
As discussed above, LTE concatenates and segments RLC SDUs when building the RLC PDU and associates a dedicated SN for each RLC PDU – the separate RLC SN is needed due to the concatenation of RLC SDUs. However, assuming that the concatenation is done by NR MAC, the RLC PDU in NR would consist of a single complete RLC SDU or a segment of an RLC SDU. Hence, there are two options for the SN scheme: either allocate SN per every SDU segment or per complete SDU. The former option implies potentially bigger SN space in RLC comparing to that of PDCP SN space and ARQ processing to be done always in strict real time constraints (since the PDU for ARQ content would be subject to segmentation decisions). The latter option (i.e., RLC PDU SN is allocated per complete RLC SDU), however, could make the ARQ function completely independent of real time processing as ARQ would be applied on a per RLC SDU basis. Thus, it would not need to care about the real time segmentation decisions done to the final RLC PDU. Furthermore, this option would allow the usage of PDCP SN for ARQ at RLC as the PDCP SN and RLC SN would have 1-to-1 mapping, as discussed in [3], minimizing the contributed SN overhead.
Observation #2: Assuming the concatenation is done in NR MAC, ARQ function can be fully decoupled from real time processing if the RLC PDU SN is applied per complete RLC SDU, not per RLC SDU segment.
Observation #3: Applying ARQ function per RLC SDU enables the usage of PDCP SN for ARQ at RLC minimizing the SN overhead in the NR system.
Proposal #1: NR RLC applies SN on a per RLC SDU basis to decouple ARQ fully from real time processing and to allow precomputation of RLC header.
To support this, all the RLC segmentation should be based on one common segmentation scheme (i.e., not separate handling for segmenting RLC SDUs to AMD PDU and re-segmenting RLC data PDUs into AMD PDU segments like done today in LTE). For instance, the segmentation can be based purely on segmentation flags and segment offset field similar to re-segmentation in LTE. Furthermore, it should be noted that the segmentation offset is not required for a complete RLC SDU or the first RLC SDU segment, and thus the overhead contribution can be minimized. 
The scheme could also enable the RLC partitioning in the transmitter side (like proposed Option 3 in the RAN3 studies for FH split placement [4]) where the L-RLC could further segment the RLC SDU (or RLC SDU segment) within real time processing limits using the same RLC header but applying different segmentation information (while the H-RLC could have already segmented the RLC SDU offline, e.g., based on ARQ status report). This could be exploited also in the UE side where the ARQ processing could be done offline in advance maximising the achievable precomputation capability for the Tx. An example proposal with segmentation and re-segmentation 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 SDU with SN3 (RLC or PDCP SN) is first time segmented to the available TB resources for LC1 and an already segmented RLC SDU with SN1 is re-segmented to the available TB resources for LC2. Since the RLC PDU header could indicate similarly to that of LTE’s FI (Framing Info) whether the RLC SDU inside is complete, first segment, middle segment, or last segment, the Segment Offset field can be omitted in case RLC PDU includes a complete RLC SDU or the first segment of an RLC SDU. Thus, in practice, whether or not the real-time segmentation applies to a complete SDU (first time segmentation) or a segmented SDU (re-segmentation), the Tx needs only to re-encode the MAC Length field and potentially either one of the Framing Info bits in the RLC header – the header sizes could remain unchanged upon real time segmentation which facilitates the Tx processing. In case of LC1, the MAC headers in the figure could include LCID and Length field or alternative only the Length field for subsequent SDUs when concatenation is applied.
Observation #4: Single common segmentation scheme in RLC for both segmentation and re-segmentation maximizes the achievable precomputation capability in the Tx and enables RLC partitioning.
Proposal #2: Support a single segmentation concept in NR.
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 #4: 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 NR BS 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.
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. For these cases, exploiting fully the precomputed RLC and MAC headers in the Tx would become possible and the processing could be optimized. Thus, it is worth studying such schemes.
Observation #5: Segmentation function is generally required to be supported also when operating at high data rates.
Observation #6: The required segmentation could be applied/dismissed on a per TB basis which could maximize the precomputation capabilities in the Tx, thus, the benefits of such scheme should be further studied.
Proposal #3: UE should support segmentation for all services.
Proposal #4: Study benefits of dismissing segmentation on per TB/TTI basis.
2.2	Retransmission of PDU segments
RAN2 was also to study whether the re-transmission of PDU segments could be omitted from NR and apply solely the PDU level re-transmission for all the scenarios. In principle, LTE system applies both of these methods – ARQ in RLC works generally on segment basis and re-transmit only the missing parts of the AMD PDUs while PDCP works on PDU basis and re-transmits complete PDCP PDUs when required (e.g., after handover). Since in LTE the RLC provides usually only one RLC PDU per TTI for each logical channel, the RLC PDU size could be quite large in case of good channel conditions and big TB size. If the channel gets degraded suddenly and the large RLC PDU needs to be re-transmitted, it is easily subject to re-segmentation into multiple MAC PDUs making it more vulnerable to HARQ failures if PDU segment level re-transmission was not to be supported.
In NR, however, when the concatenation function is performed below the ARQ layer in MAC, the RLC PDU size is subject to the PDU size provided by the higher layers (i.e. above PDCP) and might not become as big as in LTE – usually 100 – 1.5kB IP packet. However, much bigger packet sizes like IP Jumbo frames could be used in the future as discussed above. Thus, PDU segment level ARQ re-transmissions are considered to be needed also for NR even though the PDU level only re-transmissions could simplify the ARQ function operation to large extent. On the other hand, if the PDU segment level re-transmission concept is anyway needed in NR to cover all the scenarios, it might become questionable why it would not then be applied for all the scenarios. Furthermore, adopting the above discussed scheme for ARQ (ARQ is applied per RLC SDU basis) would already simplify the ARQ operation from that of LTE.
Observation #7: Supporting only PDU level ARQ re-transmissions in the NR system could simplify the ARQ protocol. However, in some scenarios that would be very inefficient.
Proposal #5: NR supports PDU segment level ARQ re-transmissions in RLC.
3	Conclusion
In this contribution we analysed the NR segmentation concept and made the following observations.
Observation #1: Segmentation function does not prevent the precomputation of MAC and RLC headers in the transmitter side (unlike concatenation function).
Observation #2: Assuming the concatenation is done in NR MAC, ARQ function can be fully decoupled from real time processing if the RLC PDU SN is applied per complete RLC SDU, not per RLC SDU segment.
Observation #3: Applying ARQ function per RLC SDU enables the usage of PDCP SN for ARQ at RLC minimizing the SN overhead in the NR system.
Observation #4: Single common segmentation scheme in RLC for both segmentation and re-segmentation maximizes the achievable precomputation capability in the Tx and enables RLC partitioning.
Observation #5: Segmentation function is generally required to be supported also when operating at high data rates.
Observation #6: The required segmentation could be applied/dismissed on a per TB basis which could maximize the precomputation capabilities in the Tx, thus, the benefits of such scheme should be further studied.
Observation #7: Supporting only PDU level ARQ re-transmissions in the NR system could simplify the ARQ protocol. However, in some scenarios that would be very inefficient.
Based on the observations, we can make the following proposals for the NR segmentation design:
Proposal #1: NR RLC applies SN on a per RLC SDU basis to decouple ARQ fully from real time processing and to allow precomputation of RLC header.
Proposal #2: Support a single segmentation concept by NR.
Proposal #3: UE should support segmentation for all services.
Proposal #4: Study benefits of dismissing segmentation on per TB/TTI basis.
Proposal #5: NR supports PDU segment level ARQ re-transmissions in RLC.
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