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1 Introduction

CB: # 21_DirectDataFwd_E1aspects

- For Non-shared case: Sol3: Nok, CATT, China Telecom Sol1: Huawei, Samsung, China Telecom, E///, LGU+

- Allocation of TNL addresses for intra-system direct forwarding: NGAP and E1AP impact

- Capture agreements and provide CRs if agreeable

(HW - moderator)

Summary of offline disc R3-215824
(HW - moderator)
Summary of offline disc R3-215838
2 For the Chairman’s Notes

Propose to agree the following:
Issue 1: Direct data forwarding indication for intra-5GS handover: 

Proposal 1: Over NG, the SMF informs the target NG-RAN node the direct forwarding path availability in the Handover request message. A LS to SA2 is needed. 
Proposal 2: Over E1, add another codepoint “intra-system direct path available” to the CU-UP. 

Proposal 3: Agree the following CRs/LS: 
Agree R3-216096 (revision of R3-215670, China Telecom) for NGAP, adding Samsung, Huawei as co-signers, update the WI code to “NR_newRAT-Core, TEI16”
Agree R3-216097 (revision of R3-215364, Huawei) for E1AP, adding Samsung, China Telecom as co-signers.
Agree R3-216098 (revision of R3-215615, CATT), LS to SA2. 
Issue 2: Inter-system HO from 4G to 5G in CP-UP separation scenario (multiple E-RABs are mapped to a single DRB case): 

Down selection of the solution 1 and solution 3
Check with CT4 specification and potential product implementation whether there is any issue for solution 1.  
To be continued…
3 Discussion – Second round

3.1 Direct data forwarding indication for intra-5GS handover

Based on the 1st round discussion, the following agreement can be agreed. 

Proposal: over E1, agree to add another codepoint “intra-system direct path available” for intra-system handover with direct data forwarding

For NG interface, 

· Option 1: Source RAN node informs directly the target NG-RAN node by including the direct forwarding path available in Source to Target container, as proposed in R3-215363

· Option 2: SMF informs the target NG-RAN node in the Handover request message, as proposed in R3-215670

Based on the 1st round discussion, we can conclude that option 1 has no BC issue. And both solution could work. 

Moderator proposal: option 1 has no BC issue, and both could work to support the intra-system direct forwarding handover. 

If you have different view, please provide any view / comments below:

	Company
	Comment

	Nokia
	NBC is not the right word to call the issue. The issue is which node should have the final word on deciding “direct” vs “indirect forwarding”?

Currently an SMF has no choice but to implement “indirect forwarding” because it may not received the “direct forwarding path available” which is optional from source gNB. 

But implementing the “direct forwarding” can be seen optional at SMF like any other feature. For example, the source gNB just indicate the availability of a direct path, it is not a decision. Our understanding is that SMF would ultimately decide.

In the present case, if SMF decides to do indirect e.g. because it does not support “direct”, then target gNB will include the wrong address.

In order to be consistent, everybody can agree that the node to include the “direct” indication to target gNB should be the node which takes the final decision.  Which node is this? SMF ? or source gNB ?

If we cannot conclude, we should liaise SA2 to check this point.

	CATT
	I just recall the discussion on direct data forwarding for inter-system HO. We have two options, one is target AMF send the direct data forwarding availability IE to target NG-RAN node directly and another option is the target SMF inform the target NG-RAN node. The final decision is to let SMF combine the information on the availability of direct data forwarding and indirect data forwarding and make the final decision. With this, the direct data forwarding information is sent from SMF to target NG-RAN node for inter-system HO. We think the similar mechanism is safe for intra-system HO



	Samsung
	Both could work to support the intra-system direct forwarding handover.


Question: your views on the following table? 

Please provide any view / comments on this topic and the question in bold below:

	Company
	Is option 1 acceptable? LS to SA2 is needed? 
	Is option 2 acceptable? LS to SA2 is needed?

	Huawei
	Yes, LS is not needed
	

	Nokia
	
	Yes and LS needed.

At least if we cannot agree we should check with SA2 which node takes the decision “direct” or “indirect” between source gNB or SMF ?

	CATT
	
	Similar view with Nokia

	ZTE
	Agree with Huawei
	

	Samsung
	
	Prefer this option.


	
	
	


Moderator’s summary:

Majority companies prefer option 2 (the SMF informs the target NG-RAN node in the Handover request message) and the LS to SA2. And the moderator think there is no need to let SA2 decide. So option 2 is proposed to be agreed. 
3.2 Inter-system HO from 4G to 5G in CP-UP separation scenario

For solution 1, there are two viewpoints related to the end marker issues, due to the Y shape data forwarding. 

Viewpoint 1: Out of order or packet loss (copied below). 

· This creates out of sequency delivery unless you drop all packets received over second, third, etc.. forwarding tunnels after the end markers received over the first forwarding tunnel.

· Another aspect is if forwarded packets of other tunnels are dropped after receiving the end markers over the first tunnel, then there is no in-sequence delivery issue but then solution 1 works less efficient than solution 3. Said differently, solution 1 is more lossy than solution 3. 

· But additionally, it would need to be checked how an implementation on field react to receiving forwarded packets after receiving the end marker packets. There is no guarantee that an implementation would not badly react and generate Error Indication messages towards the peer node at every handovers (see CT4 specifications).

Viewpoint 2: not an issue even if only few packet loss (copied below)

· Behavior of the target CU-UP receiving multiple end-markers is up to implementation. In another example (different from the “out of sequence” example described above), an implementation can decide to drop packets arrived after the end-marker, as this is not a lossless HO. In that case only few packets will be dropped, as time between end-markers from different tunnels should be very short for the same DRB (i.e. similar QoS for all the QFIs remapped to the target DRB).

There are suggestions to check the product implementation and specifications (e.g. CT4). 

Question: your views on the above two after further checking?

Please provide any view / comments on this topic and the question in bold below:

	Company
	Viewpoint 1 or Viewpoint2?

	Huawei
	2, considering this is just inter-system HO.

	Nokia
	We should check with CT4 that receiving forwarded packets after end parkers does not create problem. Then we can take the best decision.

	CATT
	Agree with Nokia

	ZTE
	1

	Samsung
	Not an issue

	
	


Moderator’s summary:

Still divergent views. The moderator suggests people further check with CT4 specification and potential product implementation. To be continued. 
There are views to do nothing. In addition, the moderator notice that in CB: # 23_Lossless_Intra-systemHO , there are discussion about QoS flow remapping. Then one possible way is to reuse the solution in CB#23 for inter-system HO as well. That is, in the following figure in 5826

· DRB#1 and DRB#2 are setup at the CU-UP

· DRB#2 is used just for data forwarding. After that it can be released. 

	
	Source (old) mapping
	New mapping by the target CU-CP
	What needs to be transmitted from target CU-CP to target CU-UP:

– {old mapping}: for handling forwarded packet

– [new mapping]: for handling fresh data

	3
	DRB1: QFI1

DRB2: QFI2
	DRB1: QFI1, QFI2
	DRB1:  {QFI1}             (  [QFI1, QFI2]

DRB2:  {QFI2}             (  [none]


In this way, no new solution is needed over E1 interface. This topic can be closed. 

Question: your views on the above alternative solution (reusing the intra-system HO solution)?

Please provide any view / comments on this topic and the question in bold below:

	Company
	Comment

	Huawei
	Yes, the same solution can be reused. No specification impact to support this scenario 3. Also note that we have agreed to use the same intra-system HO solution for other scenarios. 

	Nokia
	Sorry but this is the worse solution. This is because the solution would impact that CU UP while still being more lossy that solution 3. 

	CATT
	No, it is not acceptable. It would bring more impact to UE. We already agreed that for inter-system ho, it is not needed to setup all the DRB established before HO. It is only needed for lossless HO in intra-system HO.

	ZTE
	Agree to reuse the same solution

	Samsung
	This can be one method to be used.

	
	


Moderator’s summary:

Three companies are fine to reuse the intra-system HO solution, while two are not. To be continued. 
4 Discussion – First round

4.1 Direct data forwarding indication for intra-5GS handover

Last RAN3#113-e meeting agreed to support direct data forwarding indication for intra-5GS system handover, as follows. 

·  Support the direct forwarding indication with the intra-NR system case, upon SA2 agreements if any impact on SA2 identified

4.1.1 NG impact

As observed from the contributions, there are two options to indicate the direct forwarding path availability indicator. 

· Option 1: Source RAN node informs directly the target NG-RAN node by including the direct forwarding path available in Source to Target container, as proposed in R3-215363

· Option 2: SMF informs the target NG-RAN node in the Handover request message, as proposed in R3-215670

All contributions think both options could work. In R3-214772, it is proposed that from TS 23.502 because when source RAN node indicates direct forwarding path available, there is no reason for SMF to do indirect forwarding instead

The proponent of option 1 thinks this is simple, and has much less impact on SA2 compared with option 2. 

The proponent of option 2 thinks that there have backward compatibility issue for option 1 due to the difference release of node. 

· However, there can be a backward compatibility issue with option 1 where the SMF is release 15 and RAN node is release 16. In that case the SMF would apply indirect forwarding, even though source RAN node would indicate direct path available to target RAN node.

· Option 1 would result in target RAN node allocating an IP address from the direct forwarding pool instead of the indirect forwarding pool in the above case.

For reference, the moderator observes that from section 4.9.1.3.2 of TS 23.502, currently the SMF will not provide the Direct Forwarding Path Availability to the NG-RAN node at step 9. This means that for option 2, SA2 specification update is needed. 

Moderator observation: Currently for intra-5GS system NG based handover, the SMF will not provide the Direct Forwarding Path Availability to the target NG-RAN node in the Handover Request message. 
In addition, R3-215615 provides draft LS to SA2 on the indication of direct data forwarding availability. 

Question: Which option is your preferred option for direct data forwarding indication for intra-5GS handover, and reason (e.g., the SA2 impact level, the different node releases issue, others etc)?  

Question: Is there any need to notify SA2 about our agreement on the direct data forwarding availability indicator? The moderator understands this may/may not be related to the previous question, and good to collect views together. 
Please provide any view / comments on this topic and the question in bold below:

	Company
	Comment

	Huawei
	Prefer option 1. This option clearly has no impact on SA2 specification while option 2 does.  

Not fully understand the concern of the backward compatibility issue mentioned in 4772. 

The scenario “the SMF is release 15 and RAN node is release 16” is a little strange. Maybe the opponent can provide more details. 

Even if this scenario exists, as indicated above, 

· From TS 23.502 when source NG-RAN node indicates direct forwarding path available to the R15 SMF, there is no reason for SMF to do indirect forwarding instead. 

· Meanwhile the source NG-RAN can indicate it in the source to target container, then the target node can assign the direct data addresses from the direct address space. 

So we don’t see any issue for option 1.  

No strong view about LS even if option 1 is finally agreed. 

	Nokia
	Option 2.

The impact is less; only need an update of the semantic description.

Also enables the SMF to keep control between direct and indirect forwarding.

	CATT
	Prefer option 2 considering no new IE needs to be introduced.Of course option 1 could also work

LS is needed if option 2 is adopted

	China Telecom
	Prefer Option2. Both Options can work. Since no new IE is needed in Option 2, its impact is less.

	ZTE
	Prefer Option1. Option 1 is more straightforward and has less impact on SA2. Agree with Huawei, the mentioned backward compatibility issue needs further clarification. 

	Samsung
	Prefer Option 2. The SMF has such information and the IE is already there.

But we think Option 1 has no backward compatibility issue.
LS to SA2 is not necessary. Because in step 9 in 4.9.1.3.2 of TS 23.502, SA2 doesn’t include the detail information in N2 SM container.

	Ericsson
	Slightly prefer option 1, but it seems that some questions about both options need to be answered at 2nd round:

· NBC claim of option 1

· SA2 impact and the need of an LS is unclear for option 2


Moderator’s summary:

Seven companies expressed their preference. They are 3 (for option 1) vs.  4 (for option 2).  See the question in the 2nd round. 

4.1.2 E1 impact:

Over E1 interface, both R3-214773 and R3-215364 propose to add another codepoint “intra-system direct path available” for intra-system handover with direct data forwarding. The moderator proposes the following proposal. 

Moderator proposal: Over E1 interface, add another codepoint “intra-system direct path available” for intra-system handover with direct data forwarding. 

Please provide any view / comments on this topic and the proposal in bold below:

	Company
	Comment 

	Huawei
	Agree

	Nokia
	Agree.

	CATT
	Agree

	China  Telecom
	agree

	ZTE
	Agree

	Samsung
	Agree

	Ericsson
	Agree


Moderator’s summary:

This proposal can be agreed. 

4.2 Inter-system HO from 4G to 5G in CP-UP separation scenario

The moderator minutes of the previous meeting were provide in R3-214150. Before the discussion, the scenario being discussed is re-iterated below: 

· indirect data forwarding from EPS to 5GS in case one DRB in target gNB contains QoS flows mapped to different E-RABs in the source eNB
Then for CP-UP separation scenario, for the following two solutions, still quite different views are observed (the same as previous meeting):

· Four companies are in favor of solution 1.

· Three companies are in favor of solution 3. 

	Non-shared case:

Two solutions are left on the table to support direct data forwarding from EPS to 5GS in scenario 4. Comparison and down selection is performed at next meeting.
Solution 1: CU-CP requests one data forwarding address from the CU-UP using the existing signalling. CU-CP feedback the tunnel address to the two E-RABs in Handover Request Ack message to 5GC. With this, the data from the two E-RABs in the source node will be sent to one DRB buffer in the target (ref R3-211957/R3-212545/R3-212356)

Solution 3: Add Data Forwarding from E-UTRAN Request List to the DRB To Setup List in PDU Session Resource To Setup List within Bearer Context Setup Request message and Data Forwarding from E-UTRAN Response List to the DRB Setup List in PDU Session Resource Setup List within Bearer Context Setup Request message (ref R3-211642/R3-211642/R3-211958).


The discussion below tries to first address the issues mentioned in the contributions. 

4.2.1 Solution 1 analysis

R3-214770 raises the following end marker issue, thinks that the out of sequence delivery may happen under this scenario. 
· In the present case, the Y shape (solution 1) would create useless problems. For example, with solution 1 the target CU UP is not aware that if one, two or 3 E-RABs source endpoints are sender. When it receives the first end marker packets for E-RAB1 it will not expect subsequent packets that might arrive from E-RAB2 and will instead immediately start the delivery of fresh NG-U target packets as per TS 38.300 resulting in out of sequence delivery for the forwarded packets of E-RAB2.

While in R3-215480, it thinks that this is not an issue for 4G to 5G HO.  

· This is nonetheless a non-issue, as inter-RAT HO is not lossless. PDCP is reset, and target node can start sending fresh data from CN after receiving the first end-marker.

Also in R3-215536, it indicates that the same issue is also applicable for solution 3, i.e. the characteristic of Scenario 4. 

· In this scenario 4, the target NG-RAN node needs to put the data packets received over two E-RAB tunnels to the buffer of one DRB. The target NG-RAN node may receive data packets from the two tunnels simultaneously. In this case, how to decide the sequence to putting the data received from the two tunnels to one DRB buffer is not clear. Different vendors may have different implementation as the examples given in the figure. This may leads that the sequence of the data put to the buffer of the DRB is different from which is received from the CN.

· Out of order delivery for direct data forwarding is the characteristic of Scenario 4

The moderator tends to have the following question: 

Question: Is Solution 1 acceptable/preferred to you based on the above analysis?

Please provide any view / comments on this topic and the question in bold below:

	Company
	Comment

	Huawei
	Yes. And we agree with the analysis particular of 5480 considering the non-lossless for 4G to 5G handover.  

	Nokia
	No. 

The issue of end marker has not been solved. This creates out of sequency delivery unless you drop all packets received over second, third, etc.. forwarding tunnels after the end markers received over the first forwarding tunnel. For that aspect the analysis in tdoc R3-215536 is wrong i.e. solution 3 has NO in-sequence delivery, in contrast to what R3-215536 claims. Therefore, we cannot accept solution 1 based on a wrong technical analysis.

Another aspect is if forwarded packets of other tunnels are dropped after receiving the end markers over the first tunnel, then there is no in-sequence delivery issue but then solution 1 works less efficient than solution 3. Said differently, solution 1 is more lossy than solution 3. Whether this is acceptable is another debate. But additionally, it would need to be checked how an implementation on field react to receiving forwarded packets after receiving the end marker packets. There is no guarantee that an implementation would not badly react and generate Error Indication messages towards the peer node at every handovers (see CT4 specifications).

In summary, solution 3 adds one IE over the interface (is this a big cost?) but has no in-sequence delivery, is less risky and is more efficient. 

	CATT 
	No

We think the argument in 5536 on that solution 3 may also bring out-of sequence issue is not valid.

For solution 3, the target node would always deliver the data of each E-RAB forwarded from source node in sequence. For the example raised in 5536,the target node would deliver the data from E-RAB1 with the sequence a,c,d,f,g and deliver the data forwarded form E-RAB2 with the sequence b,e which is completely aligned with the sequence sent from CN in the NG-U. In sequence delivery only needs to be guaranteed per E-RAB, not for all E-RABs. Even if the a,c,d,f,g packet in E-RAB 1 and b,e packet in E-RAB2 is delivered in source side, still the source node would schedule the data in different E-RAB/DRB separately and would not guarantee the in-sequence delivery for data in different E-RABs/DRBs.

However, for solution 1, obviously, the NG-RAN node would deliver the data from CN after it receive the first END-MARKER which would definitely bring out- of sequence delivery.

	China Telecom
	No. Agree with Nokia

	ZTE
	Yes. It seems that both solutions have out of sequence issue. Prefer solution 1 which has less spec impact. 

	Samsung
	Agree the analysis in 5480 and 5536.

	Ericsson
	Yes. Behavior of the target CU-UP receiving multiple end-markers is up to implementation. In another example (different from the “out of sequence” example described above), an implementation can decide to drop packets arrived after the end-marker, as this is not a lossless HO. In that case only few packets will be dropped, as time between end-markers from different tunnels should be very short for the same DRB (i.e. similar QoS for all the QFIs remapped to the target DRB).

Ok to further discuss and check in the specifications if receiving packets after an end-marker may causes error messages.


Moderator’s summary:

4 companies support option 1 while 3 don’t. The main concern of the solution 1 is about end marker issue, which may result at the out of sequence delivery, or instead the forwarded packets dropped. While companies in favor of option 1 think the end marker is not an issue. 
2nd round discussion is needed, to check the implementation and the possible specification. 

4.2.2 Solution 3 analysis

R3-214770 think the solution 3 is clear approach as indicated below, and align with TS 23.502 section 4.11.1.2.2:
· CU UP is requested to allocate two tunnel endpoints and therefore the CU UP is aware that there are two forwarding tunnels that will generate separate end marker packets.

While R3-215480 and R3-215362 thinks this solution is not needed given that TS 29.281 section 4.3.0 has the following descriptions. 

· The GTP-U protocol supports the possibility for one GTP-U tunnel endpoint to receive packets from multiple remote GTP-U endpoints”
And R3-215536 thinks that solution 3 have the same out of sequence delivery issue, and is too heavy for the specific case. 

· Considering only the scenario 4 (multiple E-RABs to a DRB mapping) needs to be considered specifically, solution 3 seems a little heavy to address this scenario.

Question: Is Solution 3 acceptable/preferred to you based on the above analysis?

Please provide any view / comments on this topic and the question in bold below:

	Company
	Comment

	Huawei
	No. A little heavy solution for a specific scenario 4 (proposed in R3-215536) 

	Nokia
	Yes. Indeed solution 3 adds one IE over the interface (is this a big cost?) but has no in-sequence delivery, is less risky and is more efficient compared to solution 1:

For solution 1, the issue of end marker has not been solved. This creates out of sequency delivery unless you drop the packets after the end markers. For that aspect the analysis in tdoc R3-215536 is wrong i.e. solution 3 has NO in-sequence delivery, in contrast to what R3-215536 claims. Therefore, we cannot accept solution 1 based on a wrong technical analysis.

Another aspect of solution 1 is if packets are dropped after first end markers, then there is no in-sequence delivery issue but then solution 1 works less efficient than solution 3. Said differently, solution 1 is more lossy than solution 3. Whether this is acceptable is another debate. But additionally, it would need to be checked how an implementation on field react to receiving forwarded packets after receiving the end marker packets. There is no guarantee that an implementation would not badly react and generate Error Indication messages towards the peer node at every handovers.



	CATT
	Yes

Similar view with Nokia, we don’t think adding one IE in the network interface to guarantee in sequence delivery is heavy.The design of our spec should be robust and stable enough.

	China Telecom
	Yes. agree with the analysis from Nokia. We also don’t think one IE introduced in air interface is a big cost. 

	ZTE
	No. Prefer solution 1

	Samsung
	Agree with HW.

	Ericsson
	No. Issue with solution 3 is not an additional IE, but that it changes the way this remapping use-case is handled in the CU-UP. Current specifications already support this use-case. 


Moderator’s summary:

3 companies support option 3 while 4 companies don’t. With the same arguments as the previous one. 

4.2.3 Solution 1 vs. solution 3

Given that this has been discussed in several meetings, the moderator would propose the same question as in the SOD R13-214150 of the last RAN3 meeting. 

Question: If your preferred solution is not agreeable by RAN3 (i.e. no consensus), what is your second best choice, including the “do nothing” solution.

Please provide any view / comments on this topic and the proposal in bold below:

	Company
	Comment

	Huawei
	Do nothing. 

	Nokia
	At a bare minimum, we should check the end markers issue. If end markers issue is proven not an issue (which is not the case today) then we could refocus the debate of pain (add one IE over the interface) vs gain (be less lossy) which is a different question.

	CATT
	We think the out of sequence issue should be resolved by solution 3

	ZTE
	Need to further check whether the out of sequence issue can be solved by solution 3

	Samsung
	Do nothing.

	Ericsson
	Do nothing


Moderator’s summary:

3 companies think do nothing, other 3 companies think the end marker issues still exist. See the 2nd round discussion. 

4.2.4 Potential way forward for this meeting

Given the same positions from companies, the moderator tends to collect your suggestions as input to be discussed at the 2nd round discussion, if any.  

	Company
	Comment

	Nokia
	At a bare minimum, we should check the end markers issue. If end markers issue is proven not an issue (which is not the case today) then we could refocus the debate of pain (add one IE over the interface) vs gain (be less lossy) which is a different question.

	
	

	
	

	
	

	
	

	
	


Moderator’s summary:

See the 2nd round discussion. 

4.2.5 Potential CRs (can be left to 2nd round if needed)

R3-215362 proposes to add a note in TS 38.413 given that this new scenario is not explicitly mentioned as above, it seems that there is need to specify that one GTP-U tunnel endpoint corresponding to multiple remote GTP-U endpoints for the EPC to 5GC direct data forwarding case in RAN specification.

R3-214771 proposes to add Data Forwarding from E-UTRAN Request List IE in PDU Session Resource To Setup List, and add Data Forwarding from E-UTRAN Response List IE in PDU Session Resource Setup List.
Question: Views about the above CRs (e.g. revisions, no need etc)?

Please provide any view / comments on this topic and the question in bold below:

	Company
	Comment

	Nokia
	Second round. Points highlighted above need first clarification before any CR discussion.

	CATT
	After there is conclusion on the previous questions

	China Telecom
	Could be checked in second round if any solution can be agreed in first round

	ZTE
	After the solution is agreed

	
	

	
	


4.3 Further aspects

Please add any further aspects that are in scope and were not included in the above:

	Company
	Comment

	
	

	
	

	
	


5 Conclusion, Recommendations [if needed]

If needed
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