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1/Introduction

This paper provides some examples showing certain loophole in UE operation when receiving data of a HARQ process as specified in section 11.6.2.2 in TS 25.321 (see Annex). According to current specification, UE relies mainly on new data indicator (NDI) to decide whether to replace the buffer with new received data or combine new received data with data already in the buffer. However, due to error in UL and DL, UE decision may be wrong leading to either buffer corruption or missing the reception of a new packet. Since transport block size (tbs
) is another additional information that can be used to distinguish a new transmission from a retransmission, we propose to incorporate this information into section 11.6.2.2 in TS 25.321 to make UE operation more reliable and improve the performance.   

2/Discussion
Let’s consider some examples of typical sequence of UE and Node B behaviors as follow

In Figure 1 and Figure 2, 

· UE detected HS-SCCH sub frame corresponding to tbs1 and send ack1.

· Node B detects ack1 and thus sends new packet with tbs2.

· UE miss HS-SCCH sub frame corresponding to tbs2.

· Node B miss interpret DTX as ack2 and thus sends new packet with tbs3. Clearly tbs2 is missed.

Further, there could be 2 possible UE behaviors as in Case1 and Case2 below.   

Case1 (UE behave according to current specification)
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Figure 1: Case 1

· UE sees the same NDI but it knows that data has been successfully decoded, so it will simply repeat sending ack1 without bothering to decode again the same old data in the buffer. As a result, UE misses tbs3 as well. Note that if UE combine the data, its buffer will be corrupted.

Case 2(UE takes into account tbs information)
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Figure 2: Case 2

· UE sees the same NDI but it also checks the transport block size and it may see that tbs3 is different from tbs1. It realizes that it has missed tbs2 and that this is a new transmission, so it will replace the data currently in the soft buffer for this HARQ process with the new received data, then decode the data and get ack3 

In Figure 3 and Figure 4
· UE detected HS-SCCH sub frame corresponding to tbs1 and send nack1.

· Node B detects nack1 but decide to initiate new packet with tbs2.

· UE miss HS-SCCH sub frame corresponding to tbs2.

· Node B miss interpret DTX as ack2 and thus sends new packet with tbs3. Clearly tbs2 is missed.

Further, there could be 2 possible UE behaviors as in Case3 and Case4 below.   

Case 3(UE behave according to current specification)
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Figure 3: Case 3

· UE sees the same NDI and recalls that nack1 has been sent. It then combines new data (tbs3) and with existing data (tbs1). This will cause buffer corruption and lead to nack1+3. 

Case 4(UE takes into account tbs information)
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Figure 4: Case 4

· UE sees the same NDI but it also checks the transport block size and it may see that tbs3 is different from tbs1. It realizes that it has missed tbs2 and that this is a new transmission, so it will replace the data currently in the soft buffer for this HARQ process with the new received data, then decode the data and get ack3 

Clearly from UE operation and performance point of view, Case2 and Case4 are more desirable than Case1 and Case3.

3/Conclusion
Current specification should be further clarified to avoid the impression that only NDI should be used as an indication of new or retransmitted data. Though it is neither reasonable nor possible to detail too deeply UE behavior, it is believed that clearly stating the use of transport block size information would further improve consistency of UE behavior and performance without causing extra implementation complexity.

We propose the change (see below) for the following reasons 

· It is not reasonable to combine the soft data of two different packets and then decode just because NDI remains unchanged due to miss-detection of one or more intended HS-SCCH sub frames. 

· It may be wasteful to ignore the new packet even if the NDI remains unchanged due to miss-detection of one or more intended HS-SCCH sub frames.   

Also, we think it is not reasonable to transmit ACK when UE discard the received data (NDI has been incremented and TBS index=111111). In this case, UE should transmit either NACK or DTX so that Node B may retransmit the packet. Otherwise the packet will be missed. 

---------------- Proposed Change to TS 25.321 -------------

11.6.2.2
HARQ process

A number of parallel HARQ processes are used in the UE to support the HARQ protocol. The number of HARQ processes is configured by upper layers.

The HARQ process processes the New Data Indicator indicated by lower layers for each received MAC-hs PDU.

The UE shall:

-
if the New Data Indicator has been incremented compared to the value in the previous received transmission in this HARQ process or this is the first received transmission in the HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
discard the received data;

-


-
if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process:
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
assume that the transport block size is identical to the last valid transport block size signalled for this HARQ process.

-
if the data has not yet been successfully decoded and the transport block size is identical to the last valid transport block size signalled for this HARQ process:
-
combine the received data with the data currently in the soft buffer for this HARQ process.
-
if the data has not yet been successfully decoded and the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the data in the soft buffer has been successfully decoded and no error was detected:

-
deliver the decoded MAC-hs PDU to the reordering entity;

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

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
schedule the generated positive or negative acknowledgement for transmission and the time of transmission relative to the reception of data in a HARQ process is configured by upper layer.

4/Annex
----------- Following is from 25.321 --------------

The HARQ process processes the New Data Indicator indicated by lower layers for each received MAC-hs PDU.

The UE shall:

-
if the New Data Indicator has been incremented compared to the value in the previous received transmission in this HARQ process or this is the first received transmission in the HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
generate a positive acknowledgement (ACK) of the data in this HARQ process;

-
discard the received data;

-

assume that the data has been successfully decoded.
-
if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process:
-
if the Transport Block Size index value is equal to 111111 (FDD only):

-
assume that the transport block size is identical to the last valid transport block size signalled for this HARQ process.

-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the data in the soft buffer has been successfully decoded and no error was detected:

-
deliver the decoded MAC-hs PDU to the reordering entity;

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

-
else:

-
generate a negative acknowledgement (NAK) of the data in this HARQ process;

-
schedule the generated positive or negative acknowledgement for transmission and the time of transmission relative to the reception of data in a HARQ process is configured by upper layer.

-------------------------------------------

� The small “tbs” is used to indicate actual value of transport block size and not the 6bits transport block size index. 
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