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1.
Introduction
An e-mail discussion was triggered to align the UE behavior on soft buffer handling between 36.321 and 36.213. The misalignment comes from the recent change in RAN1 in case of multiple serving cells are configured. In more detail, the UE processing sequence is changed from “store and decode” to “decode and store if decoding is not successful”.

After lengthy discussion, an outcome is provided in [1] to make the UE support “decode and store if decoding is not successful” behavior while maintaining ACK/NACK generation same as Rel-8/9. 

However, one issue was brought up on the case of “retransmitted data with different size”. This is an error case with sufficiently low probability, so it was questioned why this case should still be considered in this exercise.
This document analyzes this issue, and proposes to simplify the UE behavior based on the analysis.
2.
Summary of the UE behavior in the e-mail discussion
The e-mail discussion outputs a CR [1] proposing that the UE behaves similar to Rel-8/9 as much as possible in terms of ACK/NACK generation. The UE behavior proposed in the CR can be summarized as follows.
	1. New Tx
· Decode received data

· If decoding result is ACK

· Generate ACK
· Not required to store received data
· If decoding result is NACK

· Generate NACK
· Store received data
2. ReTx with same size 

· If previous ACK 

· Discard received data

· Generate ACK

· Not required to store received data
· If previous NACK

· Decode combined data

· If decoding result is ACK

· Generate ACK

· Not required to store received data

· If decoding result is NACK

· Generate NACK

· Store combined data

3. ReTx with different size

· If UE chooses to decode received data

· If decoding result is ACK

· Generate ACK

· Not required to store received data
· If decoding result is NACK

· Generate NACK

· Store received data
· If UE chooses to discard received data

· If previous ACK

· Generate ACK

· If previous NACK

· Generate NACK


3.
Retransmission with different size
The main issue in the e-mail discussion is why the specification should describe the behavior when the UE receives a retransmitted data with different size (i.e. NDI is same but the data size is different than the last transmission). This is an error case, mostly comes from one of the following two error situation.
· E1: PDCCH residual error
· E2: Subsequent HARQ errors

· eNB transmits a first data (NDI=0), but UE decoding fails. Then, UE sends NACK but eNB misinterprets it as ACK (NACK-to-ACK error).
· eNB transmits a second data (NDI=1) but UE misses PDCCH (PDCCH miss).
· No feedback from UE but eNB misinterprets it as ACK (DTX-to-ACK error).
· eNB transmits a third data (NDI=0). UE considers it a retransmission of the first data.

Between the two cases, it is difficult to say which one is more likely to occur, because both two cases have extremely low probability (e.g. less than 10-6). 
Observation 1: The probability of receiving the retransmitted data with different size is extremely low.
The current text related to the TB size check for retransmitted data is originated from UMTS Rel-5 of HSDPA. During the e-mail discussion, AsusTek found out the origin of the text [1], [2]. In UMTS Rel-5, it was identified that the desired UE behavior is to treat the retransmitted data as a new data if the retransmitted data has different size. However, in order to maintain the backward compatibility of UE operation, the specification kept the ‘combining’ behavior (which will lead to combining failure, and UE would decode the data in the soft buffer and discard the received data) while allowing the UE to treat it as a new data (by replacing the data in the soft buffer with the received data). When we design the LTE Rel-8, the text was inherited from the UMTS without further consideration, and this is the situation we have now.

	-
else if this is a retransmission:

-
if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this TB.

-
if the TB size is different from the last valid TB size signalled for this TB:

-
the UE may replace the data currently in the soft buffer for this TB with the received data.


4.
How to treat the retransmitted data with different size?
With the current text, the UE is forced to behave in one of the following ways.

· Treat the received data (i.e. retransmission with different size) as a newly transmitted data. ACK/NACK is transmitted based on the decoding result of the received data.
· Discard the received data (because it cannot be combined with the data in the soft buffer), and transmit ACK/NACK based on the previous decoding result.

However, the current text is not believed to be the best way to handle the erroneous situation. 

Which way is the best depends on the cause of error case. As explained in section 3, there are two causes for retransmission with different size, i.e. PDCCH residual error and subsequent HARQ error.
For the cause of PDCCH residual error, the best UE behavior is to discard the received data and do not send any feedback. Since there is no feedback from the UE, the eNB would consider the transmission is NACK. The difference from the current text is that the UE does not send any feedback to the eNB.
For the cause of subsequent HARQ error, the best UE behavior is to treat the received data as a new data and send ACK/NACK based on the decoding result of the received data. This behavior is already supported by the current text.
Observation 2: Best UE behavior to treat the retransmitted data with different size is as following.

· For the cause of PDCCH residual error, the best UE behavior is to discard the received data and do not send any feedback. 
· For the cause of subsequent HARQ error, the best UE behavior is to treat the received data as a new data and send ACK/NACK based on the decoding result of the received data.

The problem is that the UE does not know the root cause of erroneous retransmission, and it does not know which way is the best to treat the received data. But it is obvious that one of the current UE behavior, i.e. discarding the received data and transmitting ACK/NACK based on the previous decoding result, does not give the best result, and thus it should be avoided.
What we propose is to allow both desired UE behaviors in the specification. It means that when the UE receives a retransmitted data with different size, the UE either treats it as a new data or simply discards it. A simple note as shown below would be sufficient to handle this case. Then, the remaining text can be written assuming the same size, which will result in much simplified text.
	NOTE: If the UE receives a retransmission with a TB size different from the last valid TB size signalled for this TB, the UE either considers this transmission to be a new transmission or discards the received data.


Proposal 1: Specify that if the UE receives a retransmission with a TB size different from the last valid TB size signalled for this TB, the UE either considers this transmission to be a new transmission or discards the received data. The remaining procedural text is written assuming the same size in retransmission.
Considering that the probability is extremely low, it may be questioned why we have to consider it in the specification at all. Usually, the negligible case is not considered in the specification but left for UE implementation. Even without any description, the UE and eNB behaviors would not be impacted. In the worst case, one more HARQ data is lost if this extremely low case happens. Then, another option would be not describing any UE behavior for erroneous case.
Proposal 1A: The MAC specification does not specify any behavior related to the reception of a retransmitted data with different size. The UE behavior in this case is totally up to UE implementation. The remaining procedural text is written assuming the same size in retransmission.
5.
Proposal
For the UE receiving the retransmitted data with different size, our analysis draws following observation. It is proposed for RAN2 to confirm our observation.
Observation 1: The probability of receiving the retransmitted data with different size is extremely low.

Observation 2: Best UE behavior to treat the retransmitted data with different size is as following.

· For the cause of PDCCH residual error, the best UE behavior is to discard the received data and do not send any feedback. 
· For the cause of subsequent HARQ error, the best UE behavior is to treat the received data as a new data and send ACK/NACK based on the decoding result of the received data.

If our observation is true, we further propose to simplify the MAC specification based on the observations.

Proposal 1: Specify that if the UE receives a retransmission with a TB size different from the last valid TB size signalled for this TB, the UE either considers this transmission to be a new transmission or discards the received data. The remaining procedural text is written assuming the same size in retransmission.
The draft CR is presented in [4] to show how the proposal 1 is implemented.

However, if companies feel that no text is needed, alternative proposal is also proposed. In this case, the first added NOTE in [4] can be removed.
Proposal 1A: The MAC specification does not specify any behavior related to the reception of a retransmitted data with different size. The UE behavior in this case is totally up to UE implementation. The remaining procedural text is written assuming the same size in retransmission.
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