3GPP TSG-RAN WG2#31
R2-022332
Stockholm, Sweden

August, 2002

_______________________________________________________________________________________________

Agenda Item:
HSDPA

Source: 
Lucent Technologies 

Title: 
Definition of NDI bit      

Document for:

Discussion and Decision

1 Introduction 

Currently, as defined in [1], the New Data Indicator is used to distinguish between data blocks by incrementing the bit for each new data block. However, with the presence of non-zero missed detection of HS-SCCHs by an UE, it is shown in this contribution that the current definition causes a lost transmission of a valid data block to the UE.

In this document, it is proposed that the NDI definition is modified slightly to rectify the problem and at the same time increase robustness of the HARQ protocol. 

_______________________________________________________________________________________________

2 Missed HS-SCCH Probability

The current agreement of the probability of a UE missing the detection of the HS-SCCHs that is meant for the UE is < 1e-02. The HS-SCCH is used to indicate to the UE that it has been scheduled and it also provides the signalling necessary for the UE to decode the HS-DSCH. Therefore, when the UE misses the HS-SCCH, it will not known that it has been scheduled by the NodeB and as a result, no ACK or a NACK is sent back to the NodeB in the UL (DTX).  

_______________________________________________________________________________________________

3 An ABORT following a DTX

In this section, the unnecessary lost of data block due to the current definition of the NDI bit is shown. It occurs when the NodeB decides to abort a transmission that no ACK or NACK has been received from the intended UE. Seeing the DTX, the NodeB decides to abort the current transmission. An illustration is provided below:


Lets assume that B(x) is the data block for the xth transmission and the NDI(x) is the corresponding NDI bit value. A(x) is the UL feedback for xth data block. 

- B(1) = new transmission 

       NDI(1) = 0


 A(1) = ACK

–B(2) = new transmission

       NDI(2) = 1 

       A(2) = DTX because HS-SCCH is missed by the UE and so the Node B assumes a NACK.

–B(3) = new transmission and simultaneously abort B(2)

NDI(3) = - NDI(2) = 0

–
Problem Identified: UE does not received B(2) & NDI(2) and thus B(2) is lost. UE sees NDI(3) and B(3) as a retransmission of B(1) which UE already ACKed. Thus, UE sends an ACK back to the NodeB, and discards what it considers to be a duplicated block, resulting in NodeB continuing transmission for B(4). Therefore, B(3) is also lost when UE misses the HS-SCCH and the NodeB decides to abort the B(2) data block. 

_______________________________________________________________________________________________

4 Modified Definition of NDI

Obviously, the severity of the current definition of the NDI depends on the probability of the event of an UE missed detection of the HS-SCCH and followed by the NodeB deciding to ABORT that data block transmission. The NodeB due to the following reasons could initiate an abort mechanism:

1. Time to successfully transmit the data block has expired

2. Pre-empted to allow transmission of a higher priority data block

3. An abort initiated by the Transmitter Window operation (Section 11.6.2.3.1 of [1])

Therefore, it is felt that the probability of additional lost data block transmission with the current definition of the NDI bit could be significant and warrants correction. In addition, the proposed modification of the NDI definition is simple and has no other impact on the existing HARQ protocol.

The proposed New NDI Bit:


NDI = 1

New Data Block Transmission or DTX is received for previous Data Block


NDI = 0

Old or Retransmission of a Data Block and DTX is not received for the previous Data Block

_______________________________________________________________________________________________

5 Conclusions

It is proposed in this contribution to redefine the NDI bit to increase its robustness. A scenario is provided where the current definition of the NDI bit resulted in one additional lost transmission. The proposed change is minor and does not impact other aspects of the HARQ protocol. 

It the proposed changes are agreed, a CR would be generated.

6 References

[1] 3GPP TS 25.321, w5.1.0, MAC Protocol Specification.

Examples of Problems

(1a)

   B(1) = new transmission

   NDI(1) = 1, say

   HS-SCCH received by UE, but unsuccessful decoding of data

   A(1) = NAK

   B(2) = (abort) new transmission

   NDI(2) = 0

   HS-SCCH CRC error at the UE

   A(2) = DTX sent, by incorrectly received as an ACK by the Node B.

   B(3) = new transmission

   NDI(3) = 1

   UE tries to combine B(3) with B(1) resulting in a serious waste of resources, B(2) lost.  Eventually, after a few more retransmissions, the system will decode B(3) correctly and B(1) will be lost.

With the new definition of NDI, we still lose B(2) and B(1), but the UE will correctly identify B(3) as a new transmission.

(1b)

Here's a more likely scenario:

   B(1) = new transmission

   NDI(1) = 1, say

   HS-SCCH received by UE, but unsuccessful decoding of data

   A(1) = NAK

   B(2) = (abort) new transmission

   NDI(2) = 0

   HS-SCCH CRC error at the UE

   A(2) = DTX

   B(3) = (abort) new transmission

   NDI(3) = 1

   UE tries to combine B(3) with B(1) resulting in a serious waste of resources, B(2) lost.  Eventually, after a few more retransmissions, the system will decode B(3) correctly and B(1) will be lost.

With the new definition of NDI, we still lose B(2) and B(1), but the UE will correctly identify B(3) as a new transmission.

Reply to Johan:

1.

As for the example you provided, in the event that DTX is received either due to missed HS-SCCH, or ACK to DTX, or NACK to DTX, with the new NDI definition, the NDI is set to 1 (a resend) instead of 0 as in your example. The following causes of DTX applies:

        a. Missed HS-SCCH:  NDI = 1 is expected by the UE. A resend is expected by the UE. No problem.

        b. UL ACK to DTX error: NDI = 1 is expected by the UE. Duplicated TSN discarded by the re-ordering entity. Duplicate retransmission.

        c. UL NACK to DTX error: NDI = 0 is expected by the UE. Upon receiving NDI = 1, the UE buffer is flushed. One transmission is wasted.

2.

I think the current NDI definition doesnt prohibit that. But it can be quite wasteful. Let's consider the following scenario:

  B(1) correctly received

  A(1) = ACK, but incorrectly received by the Node B as either a NAK or DTX

  B(2) = retransmission

  UE tries to decode the data but finds an error. It would then continue retransmission on a packet that is already forwarded to the re-ordering entity.

Given the higher probability of Pr(NACK/ACK) <= 1e-02 than Pr(ACK/NACK), the above scenario would be more likely than other error scenarios and maybe fairly common. A better alternative is to do the following:

"Discard the new data block if current NDI is unchanged from the previous NDI and the previous data block is ACKed. Send an ACK back to the NodeB"
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