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1
Introduction

In previous meetings, the indication of polling request was discussed.  The baseline approach is to set the P field to “1” in RLC data PDU/PDU segment header when a status report is needed.  For the special scenario when the transmit RLC entity has nothing to send, several solutions have been proposed:
Solution 1: Transmit a data PDU segment without any data field, and set the poll bit [1];
Solution 2: send a RLC control PDU with control type as Poll [2][3].
Solution 1 was the preferred one during RAN2 60bis, with further details to be specified. The apparent advantages of adopting Solution 1 claimed were:

1. No additional control PDU type needs to be defined.

2. The receiving operation of the polling request, a data PDU segment without payload, follows normal procedures of data PDU/PDU segment handling. 

The first point follows by definition. However, regarding the second point, the analysis provided below suggests that special handling of 0-byte PDU segment needs to be carried out prior to the general receiving operation. Lack of special handling could cause ambiguity and unnecessary delay to be introduced.  This is mainly because of the coupling of duplication detection, re-ordering function and poll bit processing. 
2
Discussion

The question of concern is: will the current RLC protocol operate correctly if using 0-byte PDU segment to indicate poll request?  If no, is any special procedure needed?

Assume that the data PDU segment without data field goes through the same receiving operation as captured in [4]. That is, the processing of the empty PDU segment follows the normal receiving operation of a RLC AM entity (refer to 5.1.3.2 [4]).  Therefore, there is no preliminary validity verification of PDU segment length.
As of the SN to be used in the empty PDU segment, one proposal is to set it to an already used SN [1], e.g., the highest SN used which is VT(S)-1. Another proposal is to use a new SN [2], e.g., VT(S). We will analyze both approaches and differentiated the scenarios by whether the latest data PDU is received.

Scenario 1: Set the SN field of the empty PDU segment to VT(S)-1=N
Consider the case when the highest RLC PDU transmitted is PDU of SN N with poll bit set, because it is the last data in buffer. However, no status report is received, and the transmit RLC entity has nothing to send. Then the sender creates a PDU segment without any data field, with SN=N and SO=0, and it reaches the receiver successfully.

Scenario 1.1: Original PDU of SN N has been received.
The scenario is possible, because the STATUS report may be lost. Under this scenario, the 0-byte PDU segment needs to go through duplicate detection process. The 0-byte poll PDU segment will be discarded because it is determined as the duplicate copy (refer to 5.3.1.2.2 of [4]).
To make sure the poll request will be processed, we may require the receiver to check the poll bit setting before discarding it. For example, the following operation can be added to the current duplicate detection/discard procedure in 5.3.1.2.2 in RLC spec, similar to UTRAN specification [5]:

-- if the “polling bit” in the discarded RLC data PDU is set to “1”, initiate the STATUS PDU transfer procedure.

Consequences on normal operation

However, consider the consequences of such a mechanism on normal operation, i.e .when the RLC entities are exchanging data without the restriction of “no more data in buffer”. When a true duplicate copy of RLC data PDU is received, it is not desirable for the receiver to respond to the poll bit, especially considering the re-ordering function. Note that we have not yet discussed/concluded on the handling of poll bit in duplicates. For example, PDU with SN(M-1) is missing while PDU with SN M and poll bit set is received and it triggers the re-ordering operation, i.e., T_reordering is started and it is associated with SN M. However, a duplicate copy of AMD PDU with SN M is received afterwards, due to ACK->NACK error. With the patched operation suggested above, the receiver will respond to the poll bit of the discarded copy and trigger a status report, even though the poll trigger in PDU M should NOT be processed until the expiry or stop of T_reordering timer, unless of course the mechanism requires the receiver to wait until T_reordering timer expiry or something similar. If no delay is required to send the status report on receiving the dulicate poll bit, then when the T_reordering finally expires, the receiver might not be able to act on the dulicate poll bit send STATUS PDU in time because of the status prohibit timer triggered by the previous STATUS report transmission due to the poll bit in the duplicate copy.
Scenario 1.2: Original PDU of SN N is not received.

When the receiver receives the 0-byte PDU segment with (SN=N, SO=0), ambiguity may arise as whether to update various state variables, for example, VR(MS), etc.. One potential ambiguity that gets introduced, is whether this 0-byte PDU segment is counted as “any byte segment of PDU of SN N” without checking the payload length of this PDU segment first, and whether the receiver should go ahead and act on it (refer to 5.1.3.2.4 of [4]).
For example, assume all PDUs before PDU N have been received. Upon reception of 0-byte PDU segment of (SN=N, SO=0), VR(MS) may or may not be updated depending on the answer to the question above. Also, T_reordering will be started per the text in 5.1.3.2.5 [4] extracted below. 
“5.1.3.2.5
Starting/stopping T_reordering and updating VR(X) and VR(X-SO)

When a RLC data PDU is placed in the reception buffer, where the RLC data PDU contains byte segment numbers y to z of an AMD PDU with SN = x, after any necessary advancing of the receiving window, the receiving side of an AM RLC entity shall:

· if T_reordering is not running:

· if x falls within the receiving window, unless x = VR(R) and z < VR(R-SO):

· start T_reordering;.“
In addition, depending on the updated VR(MS) value, the ACK_SN would need to be set to N in the status report reflecting the receipt of the PDU segment with SN=N, but simultaneously PDU N would also need to be added to the NACK list..
It might be possible that we add/modify text to the current window operations to guarantee the correct handling of the example given above and possibly other error cases. However, there are several places to change and it may impact the normal operation as well. Instead of now adding all these corrective mechanisms, it might be better to simply, for example, check the PDU segment length at the beginning, and use this as a trigger for a different set of actions. However, note that this would defeat the original purpose of using standard procedures for handling of this situation albeit with a PDU segment of payload length zero.
Scenario 2: Set the SN field of the empty PDU segment to VT(S)=N+1.

There are three potential issues to consider for this approach:

1. The 0-byte PDU segment may need to go through re-ordering process if the original PDU of SN N is not received. It will delay the response to the poll request. This in itself may not be cause of conern though.
2. Using a new SN, i.e. N+1, may not be possible however at times, if the transmission window is stalled. The sender wants to get a STATUS report to clear the buffer and move the window but is now unable to do so.
3. In order for the receiver to complete the processing of the PDU segment with zero length payload, the receiver would need to receive more information to trigger the equivalent operation of receiving a segment with LSF set. This would also mean we need some more handling of the case. It might be therefore better to simply use an empty payload PDU instead of PDU segment; however, the issues of transmission window having stalled and potential need for going through the re-ordering process will still hold.
3
Conclusions

In this document we discuss the challenge that is faced by polling indication using 0-byte data PDU segment, if following the general receiving operation. The potential problems are due to the interaction between duplicate detection, re-ordering operation and poll bit processing.
One way to eliminate the ambiguity and unnecessary delay under identified scenarios above is to mandate the receiver to check the payload length before further processing. Basically, a 0-byte payload PDU segment will be interpreted as polling request only. The direct patch to make the 0-byte PDU segment polling indication works is:

-- The receiver checks the payload length of PDU segment first. If the length is 0, interpret the PDU segment as polling request only and handle this PDU segment differently from normal operation.
However, with the above patch, we can no longer claim that the processing procedure of the empty PDU segment polling can reuse the normal receiving operations already defined, because additional check has to be performed, thus defeating one advantage claimed. In addition, if the 0 length check is to be performed first, we might want to use a 0-byte PDU instead of PDU segment to save the extra 2 bytes overhead. In addition, the solution is then not much different from defining a designated control PDU as in solution 2. Actually, the 0-byte payload length is used instead of an explicit control PDU type.
Since the main advantage of adopting 0-byte PDU segment for polling indication cannot be preserved, we suggest to reconsider defining the poll control PDU type. Given the ongoing discussion on window operations and future enhancement, an explicit poll control PDU type would be a better solution to keep the protocol simple and easy to maintain and avoid separate handling of this. In addition, a poll control PDU may provide additional flexibility to solicit status report up to a specified sequence number.
Proposal 1: Use poll control PDU as the poll indication when there is no data to transmit.

If however this is not acceptable then the following proposals need to be considered
Proposal 2: The receiver checks the payload length of every PDU/PDU segment first. If the length is 0, interpret the PDU/PDU segment as polling request only and handle this PDU segment differently from normal operation.

Proposal 3: Set SN = N, i.e. VT(S) -1. 

Proposal 4: Use PDU instead of PDU segment since the receiver is checking for zero-payload length.
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