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Introduction
Judging based on contributions to RAN3#105 and RAN3#105bis meetings, there seems to exist an interest among the companies to enhance the existing flow control mechanism for the sake of unnecessary retransmission problem (Scenario 1). In that spirit, this paper proposes a way forward on the issue.
The claimed use cases for Scenario 1 
In our earlier paper R3-194242 and during online discussion at RAN3#105, we have discussed several reasons against the proposed enhancements for detailed reporting of out-of-sequence delivered PDCP PDU SNs. At this point we would like to revisit the claimed use cases.
In R3-195318 the following is stated:
At first we would like to emphasise our goal on this topic. For a DRB, when configured with PDCP duplication (especially DC-based PDCP duplication), there might be such situation that one DL packet is already successfully delivered over one leg, while already sent to another leg but yet not sent toward the UE. Another scenario is that when performing fast retransmission, the hosting node decides which packets should be re-transmitted and tries to avoid unnecessary retransmission. 
The above two used cases are discussed individually.
Case 1: "For a DRB, when configured with PDCP duplication (especially DC-based PDCP duplication), there might be such situation that one DL packet is already successfully delivered over one leg, while already sent to another leg but yet not sent toward the UE."
The key thing to note is that, once a PDCP PDU has been started to be sent by the RLC layer, it cannot be aborted. This transmission will either succeed or otherwise the RLF is proclaimed. This means that the leg will still eventually transmit these not-yet successfully delivered PDUs, and hence we will not save any capacity on the NR leg. In our view, if the link deterioration is temporary, it is possible that the not-yet successfully delivered PDUs will anyway be delivered faster in the original (i.e. NR) leg.
[bookmark: _Hlk21622684]Observation 1: Once a PDCP PDU has been started to be sent by the RLC layer, it cannot be discarded by the PDCP discard feature.
Moreover, one of the main assumptions when it comes to duplication is that the duplicates shall be transmitted during a reasonably short time-window to the UE. In that sense, and having in mind Observation 1, the duplication scenario where the node hosting the PDCP entity (i.e. CU) would be able to recall (i.e. discard) the PDUs from a duplicate leg (motivated by the fact that they have been delivered in another of the duplicate legs) seems quite unlikely. In other words, in a duplication scenario, by the time one leg has reported successful delivery of a group of PDUs, it is highly probable that these PDUs have already entered the RLC on other legs.
Observation 2: In a duplication scenario, by the time one leg has reported successful delivery of a group of PDUs, it is highly probable that these PDUs have already entered the RLC on other legs.
Case 2: "...when performing fast retransmission, the hosting node decides which packets should be re-transmitted and tries to avoid unnecessary retransmission."
The basic idea with fast retransmission is to avoid resetting/releasing a leg that suffers from temporary delivery problems, by resending the necessary amount of data in another leg. In that sense, if the channel deterioration in a leg is long-lasting, it seems reasonable to release the leg. On the other hand, if the problem is short-lived, the following should be noted:
· Even with legacy DDDS reporting, the potential amount of unnecessarily fast-retransmitted data in another leg is expected to be small, because a meaningful corresponding node (i.e. DU) implementation will stop or at least slow down feeding the RLC and MAC with PDUs as soon as the holes in the sequence of delivered PDUs occur.
· As mentioned earlier, once a PDU has entered the RLC, it will either be delivered or RLF will be proclaimed. In that sense, it is likely that the ‘old’ RLC will deliver the missing PDUs before they are delivered via fast retransmission in the other leg. 
Observation 3: If the delivery problem in a leg is short-lived, which is the use case for fast retransmission, the following should be noted:
· Even with legacy DDDS reporting, the potential amount of unnecessarily retransmitted data in another leg is expected to be small, because a meaningful DU implementation will stop or at least slow down feeding the RLC and MAC with PDUs as soon as the holes in the sequence of delivered PDUs occur.
· Once a PDU has entered the RLC, it will either be delivered or RLF will be proclaimed. In that sense, it is likely that the ‘old’ RLC will delivered the missing PDUs before they are delivered via fast retransmission in the other leg. 
The proposed way forward
From the discussion in Section 2 we conclude that it is necessary to determine whether the use cases are realistic and whether the claimed benefits of detailed reporting outweigh the added complexity. 
Proposal 1: RAN3 to discuss whether the use cases for detailed reporting of out-of-sequence delivered PDCP PDU SNs are practically relevant and capture the use cases (if any) in the TR 38.823. 
The number of DUs served by a single CU can be large. According to TS 38.473, the range of gNB-DU ID is (0.. 236-1). Furthermore, since DDDS is sent per UE DRB, processing of DDDS may constitute a significant fraction of CU processing load. In our view, if RAN3 concludes that the claimed use cases are meaningful, we propose that the reporting of PDCP PDU SNs delivered out-of-sequence shall only be done per request from the CU. Although the possibility for the CU to request the detailed report may not reduce the number of DDDSs, it will reduce the amount of information and the corresponding processing load.
Furthermore, since RLC is located at the DU (which receives the RLC report from the UE), the DU should be able to trigger sending a detailed report when it receives an RLC status report that indicates that there is a hole in the delivered RLC SN. Hence, in almost all cases, an RLC status report will not indicate a hole because all RLC PDUs have usually been received up to a certain SN, and after this SN no PDUs have been received by the UE. But, in rare cases it can happen that the UE will indicate that it has received some RLC PDUs with SN that have a higher number than an RLC PDU that it has not yet received. Therefore, we propose that the detailed reporting of the DU can be combined with a polling flag sent by the CU, which means that the DU may only send this detailed report provided that the CU has set this flag (and provided the RLC-report based trigger at DU is fulfilled).
Proposal 2: Any new agreed solution to Scenario 1/2 (if any) shall, if supported, be based on CU-triggering the detailed out-of-sequence PDCP SN report, which shall be sent only if the DU has received an RLC status report with out-of-sequence delivered PDUs.
The above proposal is captured in the pCR in the Annex as Solution x, which is similar to Solution 5 proposed in R3-195318, but complemented with the polling request from the CU, sent inside the PDU Type 0 (DL USER DATA frame). 
Finally, given the concerns expressed above, we propose that any newly-introduced solution to Scenario 1/2 is optional.
Proposal 3: Any new agreed solution to Scenario 1/2 (if any) is optional.
Proposal 4: Agree the pCR to TR 38.823 presented in the Annex.
Conclusion
In this paper we propose a way forward on solutions for Scenario 1/2. The corresponding observations and proposals are: 
Observation 1: Once a PDCP PDU has been started to be sent by the RLC layer, it cannot be discarded by the PDCP discard feature.
Observation 2: In a duplication scenario, by the time one leg has reported successful delivery of a group of PDUs, it is highly probable that these PDUs have already entered the RLC on other legs.
Observation 3: If the delivery problem in a leg is short-lived, which is the use case for fast retransmission, the following should be noted:
· Even with legacy DDDS reporting, the potential amount of unnecessarily retransmitted data in another leg is expected to be small, because a good DU implementation will stop or at least slow down feeding the RLC and MAC with PDUs as soon as the holes in the sequence of delivered PDUs occur.
· Once a PDU has entered the RLC, it will either be delivered or RLF will be proclaimed. In that sense, it is likely that the ‘old’ RLC will delivered the missing PDUs before they are delivered via fast retransmission in the other leg. 
Proposal 1: RAN3 to discuss whether the use cases for detailed reporting of out-of-sequence delivered PDCP PDU SNs are practically relevant and capture the use cases (if any) in the TR 38.823. 
Proposal 2: Any new agreed solution to Scenario 1/2 (if any) shall, if supported, be based on CU-triggering the detailed out-of-sequence PDCP SN report, which shall be sent only if the DU has received an RLC status report with out-of-sequence delivered PDUs.
Proposal 3: Any new agreed solution to Scenario 1/2 (if any) is optional.
Proposal 4: Agree the pCR to TR 38.823 presented in the Annex.





Annex: pCR to TR 38.823
-------------------------------------------Change 1-------------------------------------------
[bookmark: _Toc20752810]5.2	Possible Solutions
[bookmark: _Toc20752811]5.2.1	Solution for Scenario 1
For scenario 1, the possible solutions are listed as below:

>>>>>>>>>>>>>>>>>>Unchanged text is skipped<<<<<<<<<<<<<<<<<<<

[bookmark: _GoBack]Solution x is a complement to Solution 5 proposed in R3-195318, with the difference that the node hosting the PDCP entity triggers the report of out-of-sequence delivered PDCP PDU SNs. The corresponding node shall, if supported, send the report of out-of-sequence delivered PDCP PDU SNs only if the following two conditions are met: 1) the node hosting the PDCP entity has set the Full delivered PDCP PDU SN report flag and 2) the corresponding node has received an RLC report from the UE with a non-zero number of out-of-sequence delivered PDUs. The solution is optional.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Spare 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	[bookmark: OLE_LINK23]Full delivered PDCP PDU SN report
	Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3



Figure 5.2.1-x: The impact on DL USER DATA (PDU Type 0) for Solution x to Scenario 1
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Transmitted NR PDCP SN Ind 
	Highest Delivered NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare
	Successfully Delivered PDCP PDU SN Blocks
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

	Start of lost NR-U Sequence Number range
	0 or (6* Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Number of successfully delivered NR PDCP PDU SN blocks
	0 or 1

	Successfully delivered NR PDCP PDU SN block start (first block)
	0 or 3

	Successfully delivered NR PDCP PDU SN block size (first block)
	0 or 1

	…
	

	Successfully delivered NR PDCP PDU SN block start (last block)
	0 or 3

	Successfully delivered NR PDCP PDU SN block size (last block)
	0 or 1

	Padding
	0-3


Figure 5.2.1-y The impact to DDDS (PDU Type 1) for Solution x to Scenario 1



-------------------------------------------End of changes-------------------------------------------
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