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1. Introduction

This contribution discusses sequence numbering in the RLC, and RLC reuse of PDCP SN.
2. Background
Some of the key RLC sub-layer’s services and functions are:

· Segmentation (& Re-segmentation) function at the RLC Tx, which implies a Reassembly function at the RLC Rx
· Error correction through ARQ, whereby the RLC Rx has the function of identifying errors (via acknowledgments), while the RLC Tx has the function of retransmitting unacknowledged packets.
· In-sequence delivery of RLC SDUs at the RLC Rx, which implies a sequence numbering function at the RLC Tx

TR 25.813 [11] states that “It is FFS whether the ARQ retransmits RLC SDUs or RLC PDUs (segments)”. 
Above the RLC sub-layer, resides the PDCP sub-layer. The PDPC sub-layer will also have a sequence numbering function at the PDCP transmitting entity. Such sequence numbering will be needed for ciphering purposes, as well as re-ordering of RLC SDUs during handover.
TR 25.813 [11] states that “Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS.”, “If needed, the PDCP within aGW may support re-ordering of uplink RLC SDUs during handover (operator control).”
3. Discussion on sequence numbering schemes
In general, RLC sequence numbering can be done at either one of two levels:
1. RLC SDU sequence numbering, whereby each SDU of a logical channel increments the SDU SN, or, 
2. RLC PDU sequence numbering, whereby each PDU of a logical channel increments the PDU SN
Since the RLC needs to support segmentation & re-segmentation, then in order to identify the RLC segments so that the RLC receiver can perform SDU reassembly: 
1. If RLC SDU sequence numbering is employed, a segment numbering scheme (or more generally a segment identification scheme) needs to be additionally employed in order to identify the segments of an SDU. Such scheme has scope that is limited to a single SDU only, in the sense that segment numbers/identifiers are restarted for every SDU, in what constitutes a ‘nested’ or multiple-level model of numbering (i.e. segment numbering within SDU numbering).
2. If RLC PDU sequence numbering is employed, there is no need for an additional segment identification scheme, since the PDU SN readily identifies the segment. 
In order to support error correction through ARQ, either of the above two models is sufficient to identify the segment to be retransmitted (assuming segment-level retransmission, which is the more stringent case when compared to SDU-level retransmission). 
RLC sequence numbering will also support in-sequence delivery by the RLC, and either of the above two models is sufficient to achieve this.
In Release 6 RLC, the PDU sequence numbering method was utilized, probably due to its simpler nature in the sense that it employs one level of numbering.

For LTE, a key additional requirement is the support for re-segmentation, a function where the PDU sequence numbering model becomes inflexible. In contrast, re-segmentation favors the ‘nested’ or multiple-level model of numbering where segment identifiers are used in addition to SDU numbers (e.g. [1]
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[2]), providing more flexibility. The re-segmentation scheme of [1] required only one additional level of segment identification/numbering (using byte offset and segment size) in addition to SDU numbering, and hence can be described as an “SDU re-segmentation” scheme. The re-segmentation scheme of [2] required multiple levels of segment numbering in addition to SDU numbering, and hence can be described as a “PDU re-segmentation” scheme. Both re-segmentation schemes started from SDU numbers.
Conclusion: RLC SDU identifiers (e.g. an SDU SN) are likely to be employed by the RLC in LTE, due to the need for supporting re-segmentation & reassembly.
4. Analysis of PDCP SN reuse by the RLC
4.1. Overhead and efficiency advantages
Some proposals (e.g. [1][2][3]) mention the possibility of reusing the PDCP SN, instead of assigning an additional RLC-specific SN that is referred to as an ARQ SN [3] or an SSN [1]. Others (e.g. [4]) prefer introducing RLC-specific PDU SN as in Release 6, in what amounts to a PDU numbering scheme that is inflexible to support re-segmentation. 
The advantage of reusing the PDCP SN is the increased efficiency due to reduced overhead. [3] showed that reusing the PDCP SN increases the efficiency by 2.91% for speech (VoIP), and by 1.58% to 4.76% for the FTP feedback direction (i.e. TCP ACKs), when compared to having an RLC-specific ARQ SN. On the other hand, utilizing an RLC-specific ARQ SN is superior by 0.35% to 2.87% for the FTP file transfer direction.
In other words, in the case of small IP packets such as VoIP and TCP ACKs, since segmentation is not needed or if needed will result in a small number of segments, reusing the PDCP SN has the clear advantage. While for large packets such as FTP data packets, since segmentation can result in a large number of segments, using an RLC-specific SN has the clear advantage. This is because in the case of segmentation, the PDCP SN has to be copied in every segment so that the RLC receiver can identify the RLC SDU that a segment belongs to in order to be able to perform reassembly, and since the copied PDCP SN would have a longer size than an additional RLC-specific SN – (Note: depending on the exact sizes of the PDCP SN and the RLC-specific SN, there exists a threshold in terms of the number of segments below which reusing the PDCP SN outperforms introducing an RLC-specific SN.)
Given the clear advantage of each scheme over the other depending on the degree of segmentation, the question becomes then, for which scenario shall the LTE numbering scheme be optimized? 
We believe that the no-segmentation scenario is a far more likely scenario than the segmentation scenario; furthermore, if there will be segmentation, it is more likely to result in a smaller number of segments, in light of the following factors:

1. Most IP packet are small [5]: “more than 50 percent of all IP packets in the Internet are small (roughly 40 bytes or less)”, “…..the importance for an LTE access network to provide for efficient transmission of large fractions of small packets…”.
Additionally VoIP support is expected to further increase this small packet ratio.

2. The higher achievable LTE data rates compared with to existing UTRA will result in reduced segmentation.

Conclusion: If the RLC sequence numbering scheme cannot be optimized for all scenarios, then the numbering scheme should be optimized for the most likely scenario, i.e. that of no-segmentation, or a small number of segments. PDCP SN reuse has the clear advantage in such most likely scenarios, when compared to RLC-specific ARQ SN.
4.2. Issues with reusing PDCP SN

[4] advocated using RLC-specific PDU SN as in Release 6 RLC. Such PDU numbering scheme clearly has a serious shortcoming due to its inflexibility to support re-segmentation.  

Also, despite the efficiency advantages of PDCP reuse, [4] argued against reusing PDCP SN voicing the following three issues:
4.2.1. Dependency between ARQ and ciphering

According to [4], dependency is created between RLC ARQ and ciphering: “If the ciphering sequence number in downlink needs to be reset (e.g. at change of ciphering keys) RLC needs to be made aware of this and re-establish the ARQ entity. Similarly, if the RLC ARQ entity in uplink needs to be re-established due to e.g. protocol errors this affects the ciphering that may need to be informed of the event.”
However, when assessing the two above scenarios it emerges that there is no need for any additional communication or coordination between the RLC and PDCP sub-layers if the PDCP SN reuse method is employed by the RLC:
1. If the ciphering SN (PDCP SN) is reset, the RLC can autonomously adjust to the new PDCP SN without having to communicate or coordinate with the PDCP sub-layer. In regards to ‘local’ RLC signaling however, the RLC transmitter may signal the RLC receiver a move window adjustment or signal a reset indicating the next expected SN. RLC Signaling to inform the RLC receiver of the SN gap could also be applied so that old SN’s that have not yet been successfully received by the RLC are not lost.
2. If the RLC needs to be re-established, it can do so by initiating transmissions at the next PDCP SN to be transmitted; the RLC reset is simply transparent to PDCP operation, since while the RLC re-uses PDCP SN, the PDCP sub-layer does not reuse any RLC attributes. 

In regards to detecting PDCP SN changes autonomously by the RLC, there are some proposals (e.g. [7]
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[8]
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[9]) to perform re-ordering of downlink RLC SDUs in the eNB (some based on PDCP SN [7]), and this possibility is captured as FFS in [11]. Such proposals will make it readily possible to detect missing PDCP packets locally by the transmitting eNB. 

Moreover, the eNB need not support “packet re-ordering” (per se) in order to be able to detect PDCP SN changes; rather, all the RLC Tx needs to do is a simple check to verify that the packets arriving at the RLC Tx have consecutive PDCP SN’s, and if not the RLC Tx will detect and declare (possibly after some timer) a PDCP SN gap, and instruct the RLC Rx to advance its receive window accordingly.

Conclusion: In the case of PDCP SN reuse by the RLC, there is no need for any additional communication or coordination between the RLC and PDCP sub-layers when ciphering keys are changed or when the RLC is re-established.
4.2.2. Handling of lost PDCP packets
According to [4], in the downlink case the PDCP packets can be lost before arriving at the RLC Tx in the eNB, due to transport network losses at congestion or handover.

Regarding this issue, first the probability of packet loss in the transport network should be sufficiently low to be ignored (e.g. 10-6).

Second, fundamentally this issue is of similar nature to the issue of ciphering key changes since both can result in PDCP SN gaps at the RLC Tx; hence, the conclusion of section 4.2.1 will readily apply in this case, namely that any SN gap can be locally detected at the RLC Tx and there is no need for coordination.
Conclusion: In the case of PDCP SN reuse by the RLC, there is no need for any additional communication or coordination between the RLC and PDCP sub-layers if packet loss occurs before arriving at the RLC Tx in the eNB.
4.2.3. Overhead and efficiency
[4] cites the issue that while the overhead of reusing PDCP SN is smaller for short IP packets, the overhead is larger when segmenting large IP packets.

The issue of overhead for large vs. small IP packets (i.e. segmentation vs. no-segmentation, and the degree of resulting segments) was discussed in detail in section 4.1 of this document. It is sufficient to point out that while raising the issue that PDCP SN reuse will have a higher overhead when segmenting large packet in [4], the fact that of the matter is that in [5][6] the issue raised is that most IP packets are small and that is precisely the case where PDPC SN reuse has the advantage.
Conclusion: The RLC sequence numbering scheme should be optimized for the most likely scenario, which undoubtedly is the small IP packet scenario.
5. Conclusion 
PDCP SN reuse by the RLC has a clear advantage in the small IP packet scenario, when compared to introducing an additional RLC-specific SN. 

The issues/concerns raised in [4] regarding the reuse of PDCP SN are not serious obstacles to warrant not taking “PDCP SN reuse by the RLC” into consideration.
The RLC/ARQ sequence numbering scheme should be optimized for the small IP packet scenario (i.e. the no-segmentation or low number of segments scenarios) since it is the more likely scenario.
6. Text Proposal 

It is proposed to capture the following text proposal in [13], Section 9.2 titled “ARQ principles”: 
The RLC/ARQ sequence numbering scheme shall be optimized for the dominant traffic scenario (i.e. small IP packets) where no segmentation or a small number of segments is required.
RLC/ARQ reuse of higher layer sequence numbers (i.e. PDCP SN) shall be used rather than addition of an RLC-specific SN, in order to optimize signaling efficiency for the non-segmented SDU case.
In the absence of a scheme that can optimize the signaling/overhead efficiency for both the segmented and non-segmented cases, any additional signaling overhead required for segmented packets shall have minimal effect on the signaling/overhead efficiency of the non-segmented case.
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