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1. Introduction

Retransmissions on HARQ protocol are generally assumed to be more efficient than retransmissions on RLC level. This has two reasons:

1. Retransmissions on RLC level suffer from the relatively high round-trip delay via Iur and Iub, which is usually assumed to be around 100ms, i.e. it takes at least 100ms from the point-in-time on, when the receiving RLC entity on the UE sends a STATUS PDU, which requests the retransmission of an RLC PDU, to the peer-RLC-entity on the SRNC, until retransmitted RLC PDU is actually received.

2. Due to the possibility of soft combining of transmitted data and retransmitted data, the decoding process of the HARQ retransmission protocol.

There can be two reasons, why the scheduler in MAC-hs on Node B decides to abort the transmission of a MAC-hs PDU, and never re-initiates transmission of it:

a. The number of retransmissions for this MAC-hs PDU has reached the defined maximum number of retransmissions.

b. The delay attribute indicates that a MAC-hs PDU should no longer be retransmitted.

On the other hand, the physical reason, why the maximum number of retransmissions is reached for MAC-hs PDU simply is that the modulation and coding scheme (MCS) applied to the Transport Block is simply too weak in relation to the current bad channel conditions. 

Appyling a more robust MCS for transmission would obviously increase the chance for successfully conveying the payload of the MAC-hs PDU.

This can be achieved in two ways:

1. NodeB keeps the transport block size, and only makes the MCS more robust, e.g. uses instead of 16QAM, QPSK together with double the number of codes. This MAC-hs PDU is sent with the same TSN as the original MAC-hs PDU, whose transmission was aborted.  This choice is in many cases limited, since the additional resource might not be available at the point-in-time, when the re-initiation of the MAC-hs PDU transmission is required.

2. NodeB compiles a new MAC-hs PDU, which needs a smaller transport block size, and can hence be sent with a more robust MCS using the same number of codes (or if possible even more codes) as with the previous original MAC-hs PDU, and possibly changes from 16QAM to QPSK. Due to the smaller transport block size, the number of MAC-d PDUs, that can be carried in this MAC-hs PDU is smaller, and the scheduler has to decide, which MAC-d PDUs to include in this new MAC-hs PDU. In order not to violate the in-sequence-delivery requirement, this MAC-hs PDU also has to be sent with the same TSN as the original MAC-hs PDU.

1.1 Evaluation of the approach

Why would it be beneficial to compile such a smaller MAC-hs PDU, which carries only a subset of the MAC-d PDUs, which were included in the original MAC-hs PDU?

1. The MAC-d PDUs are still available in the Node B: For Chase Combining, the whole MAC-hs PDU has to be stored, until the last retransmission is done.  For re-initiation of transmission after abortion because a higher priority class has to be served in between, this storing of the whole MAC-hs PDU is also required.

Hence, if there is a chance for successful transmission of these MAC-d PDUs, it is obviously a good choice to try transmission. 

On the other hand, there is no good reason to assume that, if these MAC-d PDUs available in Node B were discarded, and hence were to be retransmitted on RLC level, the chance is higher for them to be conveyed successfully, when they are received a second time by the NodeB to be put in a MAC-hs PDU after RLC STATUS reports have caused a retransmission. The only reason, which at first sight might seem reasonable, would be that the RLC PDU size for these PDUs was chosen much too big. This, however, seems to be bad configuration, which would then need a time-consuming reconfiguration of the RLC PDU size.


Of, course those MAC-d PDUs, for which there is not enough space in the newly compiled MAC-hs PDU to be sent with the more robust MCS, are usually lost and have to be retransmitted on RLC level, since in most cases the TSN, which follows the one of the original MAC-hs PDU, is already in use due to transmission for this priority class on another HARQ process. 

2. If the scheduler also had available knowledge about the logical channels, to which the MAC-d PDUs belong, it could make an advantageous selection of the MAC-d PDUs of the original MAC-hs PDU to be put in the MAC-hs PDU with the stronger MCS:

a. It could select the MAC-d PDUs such that the number of affected logical channels is minimised. 


For this the scheduler has to read the MAC-d header. This alone does not need any knowledge about the logical channels itself, however it is required to know, whether a MAC header is present, since according to 25.321 the MAC header is only present if MAC multiplexing is applied, i.e. this is subject to configuration. 

b. It could select the MAC-d PDUs such that those MAC-d PDUs, which contain segments of an RLC SDU, which would complete this RLC SDU at the receiving side, are considered with first for inclusion in the MAC-hs PDU to be compiled newly. 


For this the scheduler has to read the MAC-d header, as well as the RLC sequence number and the RLC Length Indicator. Hence the scheduler needs to know, whether MAC multiplexing is applied and whether a specific logical channel carries UM or AM data. 

3. Without any knowledge about the logical channels, 

a. if the more robust MCS allows for including m MAC-d PDUs, the scheduler could include the first m MAC-d PDUs carried in the original MAC-hs PDU, or 

b. it could even select them randomly among all.

2.c. is of particular interest for UM transmission, since there RLC SDUs on the receiving side are deleted as soon as it is clear that at least one segment is missing, i.e. the successfully transmitted segments are of no use, and the whole RLC SDU is then lost.

2. Proposal

It is proposed to discuss and consider these options for improvement of the HARQ protocol operation.
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