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In RAN2 meeting #125, the following was agreed with respect to PDCP SN gap report [1]:
Agreements
1.	To define a mechanism for PDCP Transmitter to report to PDCP Receiver about the gap on the PDCP SN (i.e., transmitting PDCP entity can inform the receiving PDCP entity about the discarded SDUs).  
2	To agree that the usage of a PDCP SN gap report is under network control (i.e. network configures UE whether/when PDCP SN gap report can be used).  The UE should report only if there gaps (i.e. if the UE does re-association and there are not gaps, the UE is not required to transmit).   
3	Define a new UE capability to indicate the support of PDCP SN Gap reporting.

In the POST#125 long e-mail discussion [2], two approaches, namely the PDCP control PDU based approach and the header-only based approach were discussed. Despite of a majority support on the PDCP control PDU based approach, no decision was made to down-select between the two. 
In this contribution, we compare these two approaches, raise some remaining questions and issues associated with the header-only based approach, and propose a way forward.
Discussions 
Question on whether there is impact to RLC spec by the header-only based approach or not
Early in the e-mail discussion and CR drafting, there was a suggestion that the RLC entity will modify the discarded PDCP data PDU in the RLC buffer by removing the data field and MAC-I field from the PDCP data PDU. Then, concern was raised that this would introduce an unprecedent cross-layer intervention where a protocol sub-layer can modify its SDU (i.e., PDU from its upper layer), instead of encapsulating it in one or more PDUs, which would be violation against the L2 data flow description in TS 38.300 (which is cut and pasted below).
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Then, the proponent of the header-only based approach suggested the following in one of their comments in the e-mail discussion:
I think RLC change is not needed. The text in PDCP spec “replace the corresponding PDCP Data PDU by the header-only PDCP Data PDU by removing the data part and MAC-I field from the corresponding PDCP Data PDU” would be sufficient to indicate that the PDCP Data PDU in RLC buffer is also replaced by the header-only PDCP Data PDU.
This seems to suggest that, for the DL, the transmitting PDCP entity needs to first send the discard indication to the RLC entity and poll the RLC entity to send back a DL DATA DELIVERY STATUS (DDDS) PDU to confirm which PDCP data PDUs are actually discarded by the RLC entity and which ones can not be discarded because their RLC transmission has already started but not successfully finished yet. Without such handshake, it is possible that the transmitting PDCP entity will generate and submit some header-only data PDUs for the PDCP data PDUs that the RLC entity is unable to discard. Then, the RLC entity will be facing a question of whether to 1) abandon the on-going transmission of the original PDCP data PDU and transmit the header-only data PDU instead; 2) keep transmitting the original PDCP data PDU and ignore the header-only data PDU; or 3) transmit both. We should note that according to TS 38.425, the NR-U sequence number used over F1-U is incremented for everyone PDCP data PDU, including retransmitted PDCP data PDU. Therefore, unless there is a special marking (meaning some impact to TS 38.425) to indicate that the header-only data PDU is here to replace a supposedly discarded PDCP data PDU, the RLC entity would normally treat the header-only data PDU as a new PDCP data PDU and hence transmit it. Then, unless the RLC entity proactively compares PDCP SNs between the PDCP data PDU just received with every PDCP data PDU stored in its buffer (one may argue that this may require RLC spec impact), the RLC entity would not know that the header-only data PDU is here to replace a PDCP data PDU in the buffer. Then, we would end up have case 3), i.e., both the original PDCP data PDU and the header-only data PDU get transmitted, which would aggravate the congestion condition instead of relieving it. The conclusion is that the handshake between the transmitting PDCP entity and the RLC entity, before the transmitting PDCP entity generating and submitting the header-only data PDU to the RLC entity(s), is very important to avoid this situation. 
However, adding this handshake procedure would further delay the SN gap report as the round-trip delay over the F1-U may not be negligible comparing to the tight delay budget of XR traffic, which may render the delayed SN gap report useless to the receiving PDCP entity. The advantage of shorter reordering delay claimed by the proponent in [3] would hardly be realized in the presence of such delay. 
Observation 1. For the DL, the transmitting PDCP entity needs to send the discard indication to the RLC entity and poll the RLC entity to send back a DDDS PDU before generating and submitting the header-only data PDU to the RLC entity(s). This handshake procedure would further delay the SN gap report, potentially rendering the delayed SN gap report useless to the receiving PDCP entity, given the tight delay budget of XR traffic.
Currently, this behavior is not captured in the CR text in [2] for the header-only data PDU based solution. Additional text change would be needed for the Tx operation of the header-only data PDU.
Question on which approach is simpler and more proven
It was claimed that the header-only data PDU based approach is simpler because the amount text change is smaller. However, most changes required by the header-only data PDU based approach are unprecedented. There is no proven record whether those changes will not create problems in cross-layer interaction, in operability between CUs and DUs, or in implementations. On the other hand, although the amount of text change in the PDCP control PDU is larger. The Tx operation of the new PDCP control PDU are largely copied from the Tx operation of PDCP status report today and the Rx operation of the new PDCP control PDU are largely copied from the Rx operation of PDCP data PDU today, both of which have been well implementation and proven. And both changes are self-contained within the PDCP layer (i.e., there is no cross-layer impact). Therefore, one can argue that the PDCP control PDU based solution is much easier to be implemented and less-risky. Since the text are largely copied from the existing text, it is obvious that the PDCP control PDU based approach would require less standardization efforts in terms of the time and efforts required for prove-reading and problem-solving of any unexpected problems that we may encounter later. 
Question on which approach is more economic in terms of signaling overhead
The header-only data PDU needs to be sent in the place of every PDCP data PDU discarded in order not to trigger the reordering event. If PDCP duplication is configured, they will all have to be duplicated. Then, RLC header and MAC sub-header will be added to each of them. On the other hand, even if PDCP duplication is configured, the new PDCP control PDU is submitted only to the primary path. Therefore, it is quite obvious that the new PDCP control PDU incurs less signaling over and hence is more suitable for a congestion condition. Based on the above, we propose the following:
Proposal. Adopt the new PDCP control PDU based solution for PDCP SN gap reporting. 
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We propose the following:
Proposal. Adopt the new PDCP control PDU based solution for PDCP SN gap reporting. 
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6.6 L2 Data Flow

An example of the Layer 2 Data Flow is depicted on Figure 6.6-1, where a transport block is generated by MAC by
concatenating two RLC PDUs from RB, and one RLC PDU from RB,. The two RLC PDUs from RB, cach corresponds
to one IP packet (n and n+1) while the RLC PDU from RB, is a segment of an IP packet (m).

NOTE:  H depicts the headers and subheaders.
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Figure 6.6-1: Data Flow Example




