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1
Introduction

During the email discussion on the UE soft buffer handling that had taken place on the RAN2 reflector, several proposals for changing the HARQ text in 36.321 were made. This contribution compares those proposals with the Rel-8/9 behaviour. 
2
Rel-8/9 Specification

Below DL HARQ process operation as agreed for Rel-8:
For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

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

-
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.

-
attempt to decode the data in the soft buffer for this TB;

-
if the data in the soft buffer was successfully decoded for this TB:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of the data in the soft buffer for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

3
First Proposal (v1)
Below the first proposal as given by the rapporteur on 2011-09-12:

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

-
attempt to decode the received data.

-
else if this is a retransmission:

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

-
the UE may attempt to decode the received data.

-
else if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

-
if the data which UE attempted to decode was successfully decoded for this TB or if the UE did not attempt to decode any data for this TB:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

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

-
the UE may replace the data in the soft buffer for this TB with the data which the UE attempted to decode.

-
else:

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

1) NOTE:
When the UE is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in [2].

4
Second Proposal (v2)
Below the first proposal as given by the rapporteur on 2011-09-22:

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

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


-
the UE may choose to consider this transmission to be a new transmission.

-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

-
attempt to decode the received data.

-
else if this is a retransmission:

-
if the data has not yet been successfully decoded:

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

-
attempt to decode the data currently in the softbuffer for this TB.

- else:

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

-
if the data which UE attempted to decode was successfully decoded for this TB or if the UE did not attempt to decode any data for this TB:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of the data in the soft buffer for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

NOTE:
When the UE is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in [2].
5
Third Proposal (v3)
Below the first proposal as given by the rapporteur on 2011-09-28:

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

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


-
the UE may choose to consider this transmission to be a new transmission.

-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

-
attemp to decode the received data.

-
else if this is a retransmission:

-
if the data has not yet been successfully decoded:

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

-
attempt to decode the data currently in the softbuffer for this TB.

- else:

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

-
if the data which the UE attempted to decode was successfully decoded for this TB; or 

-
if data for this TB was successfully decoded before:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of the data in the soft buffer for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

NOTE:
When the UE is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in [2].

6
Fourth Proposal (v4)

Below the first proposal as given by the rapporteur on 2011-10-04 (an editorial update of v3 with “if the data has not yet been successfully decoded” changed into “if the data for this TB has not yet been successfully decoded”):

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

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

-
consider this transmission to be either a new transmission or a retransmission.

-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

-
attempt to decode the received data.

-
else if this is a retransmission:

-
if the data for this TB has not yet been successfully decoded:

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

-
attempt to decode the data currently in the soft buffer for this TB.

-
else:

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.

-
if the data which the UE attempted to decode was successfully decoded for this TB; or 

-
if the data for this TB was successfully decoded before:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of the data in the soft buffer for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

NOTE:
When the UE is configured with more than one serving cell, UE behaviors for storing data to the soft buffer is specified in [2].

7
Comparison
The comparison of the different proposals is made for the following cases:
-
New transmission, successful;
-
New transmission, unsuccessful;
-
Retransmission, previously unsuccessful, now successful;
-
Retransmission, previously unsuccessful, still unsuccessful;
-
Retransmission, previously successful (ACK2NACK error), still successful;
-
Retransmission with different size, UE chooses to replace/decode (consider as first transmission), successful;
-
Retransmission with different size, UE chooses to replace/decode (consider as first transmission), unsuccessful;
-
Retransmission with different size, UE chooses not to replace/decode (not considered as first transmission), previously successful;
-
Retransmission with different size, UE chooses not to replace/decode (not considered as first transmission), previously unsuccessful.

New transmission, successful
-
Rel-8 HARQ Process
-
replace the data currently in the soft buffer for this TB with the received data;

-
attempt to decode the data in the soft buffer for this TB (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
attempt to decode the received data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v2

-
attempt to decode the received data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v3 & v4
-
attempt to decode the received data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Differences
-
For the UE in Rel-10, the data stored in the soft buffer do not reflect the latest reception and therefore cannot be successfully decoded → decoding status of a TB must be used for ACK 2 NACK errors instead of forcing to decode old data.
-
For the eNB, none (ACK received).

New transmission, unsuccessful
-
Rel-8 HARQ Process
-
replace the data currently in the soft buffer for this TB with the received data;

-
attempt to decode the data in the soft buffer for this TB (fail);

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
attempt to decode the received data (fail);

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;
-
generate a negative acknowledgement (NACK) of the data in this TB
-
Rel-10 HARQ Process v2
-
attempt to decode the received data (fail);

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB
-
Rel-10 HARQ Process v3 & v4
-
attempt to decode the received data (fail);

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB
-
Differences
-
For the UE, none (soft buffer contains data and NACK generated).
-
For the eNB, none (NACK received).
Retransmission, previously unsuccessful, now successful
-
Rel-8 HARQ Process
-
combine the received data with the data currently in the soft buffer for this TB;
-
attempt to decode the data in the soft buffer for this TB (pass);
-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data (pass);
-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v2

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v3

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Differences
-
For the UE in Rel-10, the data stored in the soft buffer do not reflect the latest reception and therefore cannot be successfully decoded → decoding status of a TB must be used for ACK 2 NACK errors instead of forcing to decode old data.
-
For the eNB, none (ACK received).

Retransmission, previously unsuccessful, still unsuccessful
-
Rel-8 HARQ Process
-
combine the received data with the data currently in the soft buffer for this TB;

-
attempt to decode the data in the soft buffer for this TB (fail);
-
generate a negative acknowledgement (NACK) of the data in this TB.
-
Rel-10 HARQ Process v1
-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data;
-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v2

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data;

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v3

-
combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data;

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Differences
-
For the UE, none (soft buffer contains latest data and NACK generated).

-
For the eNB, none (NACK received).

Retransmission, previously successful (ACK2NACK error), still successful
-
Rel-8 HARQ Process
-
attempt to decode the data in the soft buffer for this TB (old data, pass);
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v1
-
generate a positive acknowledgement (ACK) of the data in this TB
-
Rel-10 HARQ Process v2

-
generate a positive acknowledgement (ACK) of the data in this TB
-
Rel-10 HARQ Process v3 & v4
-
generate a positive acknowledgement (ACK) of the data in this TB
-
Differences
-
For the UE, decoding of old data in Rel-8 vs. no decoding at all in Rel-10.
-
For the eNB, none (ACK received)

Retransmission with different size, UE chooses to replace/decode (consider as first transmission), successful
-
Rel-8 HARQ Process
-
the UE replaces the data currently in the soft buffer for this TB with the received data;
-
attempt to decode the data in the soft buffer for this TB (pass);
-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
the UE attempts to decode the received data (pass);
-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v2

-
the UE chooses to consider this transmission as a new transmission
-
attempt to decode the received data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v3& v4
-
the UE chooses to consider this transmission as a new transmission
-
attempt to decode the received data (pass);

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Differences
-
For the UE in Rel-10, the data stored in the soft buffer do not reflect the latest reception and therefore cannot be successfully decoded → decoding status of a TB must be used for ACK 2 NACK errors instead of forcing to decode old data.
-
For the eNB, none (ACK received).

Retransmission with different size, UE chooses to replace/decode (consider as first transmission), unsuccessful
-
Rel-8 HARQ Process
-
the UE replaces the data currently in the soft buffer for this TB with the received data;

-
attempt to decode the data in the soft buffer for this TB (fail);

-
generate a negative acknowledgement (NACK) of the data in this TB.
-
Rel-10 HARQ Process v1
-
the UE attempts to decode the received data (fail);
-
the UE replaces the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v2

-
the UE chooses to consider this transmission as a new transmission
-
attempt to decode the received data (fail);
-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v3 & v4
-
the UE chooses to consider this transmission as a new transmission
-
attempt to decode the received data (fail);
-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode;

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Differences
-
For the UE with v1, even if the UE chooses to decode, it may choose not replace the data in the soft buffer.
-
For the UE with v2 and v3, none (soft buffer contains latest data and NACK generated).

-
For the eNB, none (NACK received).

Retransmission with different size, UE chooses not to replace/decode (not considered as first transmission), previously successful
-
Rel-8 HARQ Process
-
the UE does not replace the data currently in the soft buffer for this TB with the received data;

-
attempt to decode the data in the soft buffer for this TB (old data, pass);

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
generate a positive acknowledgement (ACK) of the data in this TB.
-
Rel-10 HARQ Process v2

-
the UE choose not to consider this transmission to be a new transmission.
-
attempt to decode the data currently in the softbuffer for this TB (old data, pass).

- 
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v3 & v4
-
the UE choose not to consider this transmission to be a new transmission.
-
attempt to decode the data currently in the softbuffer for this TB (old data, pass).

- 
generate a positive acknowledgement (ACK) of the data in this TB.

-
Differences
-
For the UE with v1, no decoding of old data.

-
For the UE with v2, v3 & v4, none (old data decoded and ACK generated).

-
For the eNB, none (ACK received).

Retransmission with different size, UE chooses not to replace/decode (not considered as first transmission), previously unsuccessful
-
Rel-8 HARQ Process
-
the UE does not replace the data currently in the soft buffer for this TB with the received data;

-
attempt to decode the data in the soft buffer for this TB (old data, fail);

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v1
-
generate a positive acknowledgement (ACK) of the data in this TB.

-
Rel-10 HARQ Process v2

-
the UE choose not to consider this transmission to be a new transmission.
-
attempt to decode the data currently in the softbuffer for this TB (old data, fail).

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.
-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Rel-10 HARQ Process v3 & v4
-
the UE choose not to consider this transmission to be a new transmission.
-
attempt to decode the data currently in the softbuffer for this TB (old data, fail).

-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.
-
generate a negative acknowledgement (NACK) of the data in this TB.

-
Differences:

-
For the UE with v1, old data is not decoded and ACK generated instead of NACK!

-
For the eNB with v1, NACK received instead of ACK.

-
For the UE with v2, v3 & v4, data is replaced by itself.
-
For the eNB with v2, v3 & v4, none (NACK received).

7
Conclusions

From the analysis above, it can be seen that versions 2, 3 and 4 of the proposal correctly mimic the Rel-8 behaviour.
