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Discussion
1
Introduction
RLC resegmentation is sometimes needed for RLC PDU retransmission if the space available for the retransmission in the transport block is not sufficient for the whole RLC PDU. However, the header of the RLC PDU segment is relatively large and the resegmentation protocol is complex, which causes substantial protocol overhead in the RLC protocol. Hence, it would be desirable to keep the amount of resegmentation at its minimum.
This paper proposes an optimization which slightly reduces the amount of resegmentation instances without causing any drawbacks. The implementation of the proposed procedure is expected to be quite easy.
2
Discussion
The need for resegmentation is essentially caused by two independent events:

· When the grant size for a UE is highly variable it is possible that a transport block available for retransmission is smaller than the transport block that was used for initial transmission of the RLC PDU.

· The logical channels with higher priority will leave variable-size portions of the transport block for the logical channel with a lower priority and thus the retransmission may require resegmentation.

These situations are illustrated in Figure 1, which also shows a way to avoid resegmentation in the retransmissions.
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Figure 1. Avoiding resegmentation in the RLC PDU retransmission.
The numbers at the top of the figure are just labels of the consecutive transmission opportunities (grants), which are not necessarily consecutive TTIs. The blocks represent RLC PDUs and the height of the block describes the size of the PDU. Different logical channels are separated with colours. The arrows indicate the place of the retransmission of a PDU which was not transmitted successfully the first time. The logical channels are assumed to have the same priority and the Bj < 0. The amount of new data in the new data transmission buffer varies.

Case 1 in frames 4 and 7

The transmission of the RLC PDUs at frame 4 is not successful, so an RLC ARQ retransmission is required. Their retransmission is triggered in frame 7 (by an RLC status report, for instance). Let’s assume that both logical channels have so much new data in the buffer at frame 7 that they could use most of the transport block. The present MAC specification required that the two logical channels be server equally. If that requirement were strictly obeyed, it would be necessary to resegment one of the PDUs of logical channel 2, because half of the space in the transport block should be allocated to logical channel 1 and there is not enough room for both retransmitted PDUs on the logical channel 2. However, if the requirement to server the two logical channels equally were loosened temporarily, it would be possible to retransmit both PDUs of logical channel 2 in frame 7, as shown in the figure.
Observation 1: It is possible to avoid resegmentation in some cases if the UE may temporarily deviate from the requirement to serve the logical channels equally.
Case 2 in frames 8 and 11-13
The problem in retransmission in frame 11 is more difficult than the previous one, because the transport block for the retransmissions in frame 11 is much smaller than the original transport block in frame 8. Some of the retransmission must be postponed. With the present MAC specification, resegmentation would be applied to retransmit a part of the original PDU as soon as possible. However, if the RLC ARQ timers are not set up very aggressively and there is room the RLC SN window, it may be possible to avoid the resegmentation by allowing some new data transmission before the retransmissions to fill the remaining portion of the transport block and postponing the whole PDU to the subsequent frames.
Observation 2: If any RLC PDU to be retransmitted does not fit to the remaining space in the transport block, resegmentation may be avoided by filling the rest of the transport block with new data and postponing the retransmission, as long as it does not cause expiring of RLC ARQ timers or overflowing the RLC SN window.

The sizes of the future transport blocks are not known to the UE and it has no reliable way of predicting them. Still, it is possible to increase the probability that the pending RLC PDUs to be retransmitted will fit to the coming transport blocks with a simple prioritization rule stating that the large PDUs should be allowed to retransmitted before the small ones if they fit into the transport block at hand although their sequence number would be larger. Again, this is feasible only if we are not pushing the limits of the RLC ARQ timer configuration and the RLC SN window size.
Observation 3: Retransmission of large RLC PDUs should be prioritized over small ones if the RLC ARQ timer configuration and RLC SN window allow.

Observation 4: This optimization does not require any changes in the network.

3
Conclusion
Observation 1: It is possible to avoid resegmentation in some cases if the UE may temporarily deviate from the requirement to serve the logical channels equally.
Observation 2: If any RLC PDU to be retransmitted does not fit to the remaining space in the transport block, resegmentation may be avoided by filling the rest of the transport block with new data and postponing the retransmission, as long as it does not cause expiring of RLC ARQ timers or overflowing the RLC SN window.

Observation 3: Retransmission of large RLC PDUs should be prioritized over small ones if the RLC ARQ timer configuration and RLC SN window allow.
Observation 4: This optimization does not require any changes in the network.

Proposal: Based on the observations above, the text proposal below should be incorporated as such or as a note into the MAC specification [1].
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Text Proposal to TS 36.321

5.4.3
Multiplexing and assembly

5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The UE shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);

-
Step 2: the UE 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.

-
Step 3: if any resources remain, all the logical channels 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.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 
-
the UE should avoid RLC PDU resegmentation. If it is not possible by other means, the UE may temporarily deviate from the equal treatment of the logical channels with equal priority and delay an RLC PDU retransmission and transmit a new RLC PDU before an RLC PDU retransmission and prioritize the retramission of the large RLC DPUs over small ones if it does not increase the risk of timeouts of the RLC timers or the risk of the RLC SN window overflow;
-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible;

-
the UE should maximise the transmission of data.

-
if the UE is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the UE 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 UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR or Extended PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.

NOTE:
When the UE is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when UE is requested to transmit multiple MAC PDUs in one TTI.
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