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1 Introduction
This paper discusses whether there is a need to update the handling of the soft buffer in MAC with regards to receiving a DCI (delivered by the lower layer) rescheduling a transport block with a different size than what has been previously scheduled for the same transport block. The DCI is the control information within a PDCCH message that specifies the scheduling of a transport block.

2 Background

In the previous RAN2 meeting (#RAN75bis) an alignment of the handling of the soft buffer in MAC with the decisions made in TSG-RAN1 [3] was extensively discussed (see the email discussion document [1]). A CR [2] was agreed at the meeting, but concerns regarding the handling of retransmission of transport blocks with different sizes were raised by some companies. In this document, we provide our analysis and views on these issues.

3 Analysis

3.1 When will this case happen?

A UE lower layer may receive a DCI indicating a transport block with a different size than what it was scheduled with before in the MAC layer for the following two most likely reasons:

1. False alarm on PDCCH (PDCCH residual error).

2. The UE receives a request for new data, but it believes the request is for a retransmission of a previous data. This occurs because of a number of consecutive signalling errors:

· NACK to ACK error from the UE in the first transmission.

· In the second scheduling attempt from eNB the PDCCH is lost.

· DTX to ACK error when eNB attempts to decode the HARQ ACK/NACK from the UE.

Then in the third scheduling attempt the UE may believe that there is a rescheduling of the transport block that was scheduled in the first scheduling attempt, and this may be for another transport block size.

According to our calculations the probability for any of these two cases to happen is less than 10^-6, and so it is a really rare event that we should not try to optimize in the specification.

Observation 1: The probability of rescheduling a TB with a different size than a previous scheduling attempt is very low and the MAC specification should not try to optimize the handing of this case.

3.2 What is the Expected behaviour from MAC?

It is important that the functionalities performed by different layers are not mixed and therefore the MAC layer should avoid making uninformed assumptions about L1 specific issues. 

In particular, we believe that deciding whether a PDCCH is actually received or not is a L1 question. In addition to the CRC checksum, the PHY layer can make further assessment on the reliability of PDCCH reception with the availability of soft demodulation values and the associated convolutional decoder output metric. Based on all these computation results, PHY layer can make decision on whether a PDCCH targeting the UE is received and whether the DCI should be delivered to higher layers.

The MAC spec/procedure is evoked only after the PHY layer decides a PDCCH was received and delivers the DCI to the MAC layer. At that point, as several companies had observed, L2 has no way of distinguishing between false alarm and triple-signalling errors. There is no ground for L2 to reverse a decision already made by L1 and discard the delivered DCI. Therefore, ignoring a received PDCCH should not be an option in L2 protocols.

Observation 2: When MAC is notified by L1 that a PDCCH is received, MAC must not ignore the received message.
3.3 Current Handling in the MAC specification

In the current MAC specification, including the agreed CR [2], the case of rescheduling a transport block with a different size than what was previously scheduled, is specified in normative text and the UE is given two options for how to handle this situation:

1. Consider it as a new transmission. This means that the UE will try to decode the transport block and either send an ACK or a NACK depending on the result.

2. Consider it as a retransmission. This means that the UE will try to decode the data currently in the soft buffer, but in this case it cannot combine the data with the received data because of the different sizes, and hence the newly received data is not used in this case. As a result the UE will either send  a HARQ ACK or a NACK.

In both of these cases either a HARQ ACK or a HARQ NACK will be sent, and therefore the behaviour is well defined both for L1 and for the network which will receive an expected HARQ feedback.

The ambition when updating the MAC specification to handle the specific case for soft buffer handling and carrier aggregation was to avoid changing existing behaviour unless there was a good reason for doing that, and a detailed difference analysis of the behaviour was done by NSN and Nokia, see [4]. The updates in the CR [2] regarding rescheduling of a TB with a different size, follows this ambition to try to keep the behaviour consistent with Rel-8/9. Note that this behaviour was agreed at the email discussion, summarized in [1].

Observation 3: In the current MAC specification the MAC layer provides a consistent behaviour for L1 and the network in case the UE receives a request for rescheduling a TB with a different size than a previous scheduling attempt.
3.4 Introduce complete optional behaviour for the UE in this case?

Some companies ([5]) have proposed to make it completely optional for the UE of how to handle the case when a transport block is rescheduled with a different size than what was previously scheduled. The implications of such a liberal specification we believe are as follows:

· It breaks the general specification that MAC shall always reply with a HARQ ACK or NACK.

· There is no advantage of allowing such freedom for the UE since this is an error case that will happen very infrequently.

· If we were to allow deviation from normal expected behaviour in the MAC layer for the error cases, it would mean that we would have a very complicated specification and a system that will be very hard to test. 

Observation 4: If we were to allow the UE complete optionality in the case when a transport block is rescheduled with a different size than what was previously scheduled, then this will break important protocol principles where error cases should not change the expected functionality from other layers.

4 Conclusion

Observation 1: The probability of rescheduling a TB with a different size than a previous scheduling attempt is very low and the MAC specification should not try to optimize the handing of this case.
Observation 2: When MAC is notified by L1 that a PDCCH is received, MAC must not ignore the received message.
Observation 3: In the current MAC specification the MAC layer provides a consistent behaviour for L1 and the network in case the UE receives a request for rescheduling a TB with a different size than a previous scheduling attempt.
Observation 4: If we were to allow the UE complete optionality in the case when a transport block is rescheduled with a different size than what was previously scheduled, then this will break important protocol principles where error cases should not change the expected functionality from other layers.
In the case when we have a retransmission of a TB with a different size, the current MAC specification provides a behaviour that is consistent with what is expected by L1 and the network, and is also similar to the existing Rel-8/9 behaviour, and hence we do not think there is any need for updating the existing MAC specification, and thus we propose:

Proposal 1: There is no need for changing the MAC specification regarding the UE behaviour for rescheduling a TB with a different size.
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