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1. Introduction

The key remaining open issues are discussed in Email discussion [99#49][NR] MN/SN procedures. However, there are several FFS points related to EN-DC operation still present in TS 37.340 [1] Section 10. Aiming to the EN-DC completion, this contribution discusses all those FFS points which were not included in the Email discussion [99#49], and provides the related TP in Chapter 5.

The majority of these remaining FFSs in TS 37.340 Section 10are related to RAN3 issues, while some (e.g., RACH-less access) are RAN2 issues. 
This paper only focuses on the RAN2 related remaining FFSs. In general, we suggest that these remaining FFSs in chapter 10 can be all deleted after further discussion.

2. Discussion
This chapter discusses every FFS (except the general disclaimer "Details of RRC signalling are FFS and pending RAN2 agreement." at the beginning of each sub-section) in the order they appear in TS 37.340 Section 10 . To facilitate the discussion, the corresponding figure is copied in the table respectively, while the context of each step is omitted unless it's necessary.

2.1  FFS in SgNB Addition procedure
In Section 10.2.1 there is an FFS as follows:

	10.2  Secondary Node Addition

10.2.1  EN-DC


[image: image1.emf]UE MeNB SgNB S-GW MME

1. SgNB Addition Request 

(carry SCG-ConfigInfo)

2. SgNB Addition Request Acknowledge 

(carry SCG-Config)

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

9. E-RAB Modification Indication

5. SgNB Reconfiguration Complete

12. E-RAB Modification Confirmation

10. Bearer Modication

7. SN Status Transfer

8. Data Forwarding

6. Random Access Procedure

      Path Update procedure

11. End Marker Packet


Figure 10.2.1-1: Secondary Node Addition procedure

... 

Step 1, 2: ...

NOTE 1: In case of MCG split bearers, transmission of user plane data may take place after step 2. 

Editor's note: FFS whether above holds for SCG split bearer

NOTE 2: In case of SCG bearers and SCG split bearers, data forwarding and the SN Status Transfer may take place after step 2.

Step 3: …


The UP data transmission for SCG split bearer during SgNB Addition procedure works as follows:

1) SgNB receives the DL packets from MeNB in Step 7/8 (with data forwarding) or from S-GW in Step 10 (without data forwarding);

2) SgNB sends the received packets to the UE after the Step 6 in Figure 10.2.1-1 has completed successfully.

Observation 1: In case of SCG split bearers, transmission of DL data on Uu may take place after Step 7/8 or Step 10 when Step 6 is successfully completed.

We then suggest deleting the ambiguous Editor's note. 

Modification 1: Delete the "Editor's note FFS whether above holds for SCG split bearer" in 10.2.1.

2.2  FFS in SgNB Modification procedure
In Section 10.3.1 - MN initiated SN Modification there is an FFS as follows::

	10.3  Secondary Node Modification (MN/SN initiated)

10.3.1  EN-DC

MN initiated SN Modification
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1. SeNB Modification Request

2. SeNB Modification Request Acknowledge
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3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

5. SeNB Reconfiguration Complete

7. SNStatus Transfer

8. Data Forwarding

9. Path Update procedure

6. Random access procedure


Figure 10.3.1-1: SN Modification procedure - MN initiated

... 

1: ...

2: The SgNB responds with the SgNB Modification Request Acknowledge message, which may contain SCG radio resource configuration information within a NR RRC configuration message and data forwarding address information (if applicable).  In case of SCG Change, for E-RABs configured with the MCG split bearer option for which no bearer type change is performed, the SgNB provides a new DL GTP TEID to the MeNB. The MeNB shall continue sending DL PDCP PDUs to the SgNB with the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and use the new DL GTP TEID starting with the PDCP re-establishment or data recovery. In case of SCG Change, for E-RABs configured with the SCG split bearer option for which no bearer type change is performed, the SgNB provides a new UL GTP TEID to the MeNB. The MeNB shall continue sending UL PDCP PDUs to the SgNB with the previous UL GTP TEID until it re-establishes the RLC and use the new UL GTP TEID after re-establishment.

Editor's note: It is FFS whether the SgNB may initiate a SCG Change in step 2.
3/4: ...


The scenario is that the MeNB does not indicate SCG Change in Step 1 while, when receiving the SgNB Modification Request message, the SgNB might want to initiate a SCG Change procedure, i.e. the FFS aims to decide whether a SCG Change procedure initiated by SgNB could be indicated in Step 2, or whether it may be performed only after the completion of the MN initiated SN modification procedure (at least after Step 2). 

In a SCG Change indication is allowed in Step 2, after receiving the SgNB Modification Request Acknowledge message, the MeNB is very likely to provide a new S-KgNB to the SgNB (according to the definition of SCG Change) which the legacy procedure cannot support..

Observation 2: The option of allowing an SN initiated SCG change in Step 2 has security implications, adding complexity to the MN initiated SN Modification procedure.

Therefore, due to the urgency of EN-DC completion, we propose:

Proposal 1: During the MN initiated SN Modification procedure, SgNB shall not initiate a SCG change procedure in Step 2, at least in R15.

In addition, the Editor's note can just be deleted, since the legacy message/ procedure does not support it.

Modification 2: Delete the "Editor's note: It is FFS whether the SgNB may initiate a SCG Change in step 2" in 10.3.1.

In Section 10.3.1 - SN initiated SN Modification with MN involvement there is another FFS as follows:

	10.3  Secondary Node Modification (MN/SN initiated)

10.3.1  EN-DC
SN initiated SN Modification with MN involvement
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Figure 10.3.1-2: SN Modification procedure - SN initiated with MN involvement

... 

2/3. If data forwarding and/or SgNB security key change needs to be applied, the MeNB triggers the preparation of the MN initiated SN Modification procedure and provides forwarding address and/or a new SgNB security key information within the SgNB Modification Request message, respectively. If the SgNB requested to release a bearer in step 1, and the MeNB decides to reconfigure it to an MCG bearer, the MeNB provides the SCG Change Indication within the SgNB Modification Request message and the SgNB provides respective RRC information within the SgNB Modification Request Acknowledgement message.

Editor's note: It is FFS whether, when the SgNB Modification Required message contains SCG-Config in step 1, the following MeNB initiated SgNB Modification procedure triggered by the MeNB in step 2 can be used for anything that would require a new SCG configuration

NOTE: If only SgNB security key (i.e. without SCG Change Indication) is provided in step 2, the MeNB does not need to wait for the reception of step 3 to initiate the RRC connection reconfiguration procedure.

...


Firstly, it needs to be clarified that the new SCG configuration mentioned in the FFS is in fact the response to a new modification request from the MN which is initiated just when the MN receives the SgNB Modification Required message. 

If the SN needs to provide a new SCG configuration in Step 3 as per MN request in Step 2, it means there should be other IEs in Step 2 other than "an applicable SgNB Security Key and/or applicable forwarding addresses and/or the SCG Change Indication", e.g. "E-RABs To Be Added Item", i.e. the SN initiated SN Modification procedure collides with MN initiated SN Modification procedure.
Observation 3: During the SN initiated SN Modification procedure, providing a new SCG configuration in Step 3 means that the MN initiates a new SgNB modification procedure in Step 2, i.e. a collision happens between the two procedures.

A similar issue was already discussed and concluded in LTE DC [2]. For convenience, the handling in LTE DC is copied below:

	8.6.4
SeNB initiated SeNB Modification 

8.6.4.4
Abnormal Conditions

Interaction with the MeNB initiated SeNB Modification Preparation procedure:

If the SeNB, after having initiated the SeNB initiated SeNB Modification procedure, receives the SENB MODIFICATION REQUEST message including other IEs than an applicable SeNB Security Key IE and/or applicable forwarding addresses and/or the SCG Change Indication IE the SeNB shall 

-
regard the SeNB initiated SeNB Modification Procedure as being failed,

-
stop the TDCoverall, which was started to supervise the SeNB initiated SeNB Modification procedure,

-
be prepared to receive the SENB MODIFICATION REFUSE message from the MeNB and

-
continue with the MeNB initiated SeNB Modification Preparation procedure as specified in section 8.6.3.


We think EN-DC could reuse the above solution in LTE DC, therefore:

Proposal 2: For the case of a SN initiated SN Modification procedure colliding with a MN initiated SN Modification procedure, the solution in EN-DC could reuse the one in LTE DC, i.e. specifying in Stage 3 that the SN initiated SN Modification procedure is regarded as failed while the MN initiated SN Modification procedure continues .

In addition, the Editor's note in the Stage 2 specification can just be deleted.

Modification 3: Delete the "Editor's note: It is FFS whether, when the SgNB Modification Required message contains SCG-Config in step 1, the following MeNB initiated SgNB Modification procedure triggered by the MeNB in step 2 can be used for anything that would require a new SCG configuration" in 10.3.1.
2.3  FFS in SgNB Change procedure

In Section 10.3.1 - MN initiated SN Change there is an FFS as follows::

	10.5  Change of Secondary Node (MN/SN initiated)

10.5.1  EN-DC

... 

MN initiated SN Change
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Figure 10.5.1-1: Change of SN – MN initiated

... ...

1/2. The MeNB initiates the change of SgNB by requesting the target SgNB to allocate resources for the UE by means of the SgNB Addition procedure. The MeNB may include measurement results related to the target SgNB. If forwarding is needed, the target SgNB provides forwarding addresses to the MeNB. 

Editor's note: Availability of RACH-less access is FFS.

3.
...


The understanding is that the RACH-less access mentioned in the FFS is related to the random access procedure to the target SgNB. In LTE DC, the target SeNB may indicate RACH-less access to the UE in some cases (e.g. TA = 0). In EN-DC, since the NR SN may operate on a high frequency and using beams, the case becomes more complicated, e.g. the UE may need to know which beam could be used for Tx/Rx via RACH procedure.

The RACH-less access issue has not been discussed too much also for NR standalone, and the enhancements for SA NR handover have been decided to be a low priority issue. Considering this, we propose

Proposal 3: In EN-DC, the RACH-less access to t-SN is not supported in SN Change procedure at least in R15.

In addition, the Editor's note can just be deleted.

Modification 4: Delete the "Availability of RACH-less access is FFS" in 10.5.1.
In Section 10.5.1 - SN initiated SN Change there is another FFS as follows:

	10.5  Change of Secondary Node (MN/SN initiated)

10.5.1  EN-DC

SN initiated SN Change
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Figure 10.5.1-2: Change of SN – SN initiated

...

4/5. The MeNB / SgNB triggers the UE to apply the new configuration. The MeNB indicates the new configuration to the UE in the RRCConnectionReconfiguration message including the NR RRC configuration message generated by the target SgNB. The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including the encoded NR RRC response message for the target SgNB. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

Editor's note: It is FFS whether the MeNB and/or the SgNB triggers the UE to apply the new configuration.

6.
...


According to the current procedure, the source SN cannot acquire the new RRC configuration which is generated by the target SN, and there is neither a use case nor a benefit to make the MN to forward the new configuration to the source SN. 

If in the future a SN change procedure will be specified where the source SN can exchange the related X2AP messages directly with the target SN, the new configuration may actually be transferred via SRB3, but at least for now we suggest that:
Proposal 4: In EN-DC, only the MN can trigger the UE to apply the new configuration in a SN Change procedure.

In addition, the Editor's note can be deleted, clarifying that the MN triggers the UE to apply the new configuration.

Modification 5: Delete the "Editor's note: It is FFS whether the MeNB and/or the SgNB triggers the UE to apply the new configuration." in 10.5.1.
2.4  FFS in MeNB Handover procedure

The two procedures ("Inter-Master Node handover without Secondary Node change" and "Master Node to eNB/gNB Change") have a common FFS as shown in the following:

	10.7  Inter-Master Node handover without Secondary Node change

10.7.1  EN-DC


[image: image6.emf]UE

source 

MeNB

SgNB S-GW MME

target 

MeNB

1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

17. UE Context Release

13. Path Switch Request

16. Path Swtich Request Acknowledge

14. Bearer Modification

7.Random Access Procedure

11. SNStatus Transfer

18. UE Context Release

2. SgNB AdditionRequest

3. SgNB AdditionRequest Ack

15. New Path(split/MCG bearer)

12. Data Forwarding

9. RandomAccess Procedure

10. SgNB Reconfiguration Complete

5. SgNB Release Request


Figure 10.7.1-1: Inter-MN handover without SN change

... 

1.
The source MeNB starts the handover procedure by initiating the X2 Handover Preparation procedure. The source MeNB includes the SgNB UE X2AP ID and SgNB ID as a reference to the UE context in the SgNB that was established by the source MeNB in the Handover Request message.

Editor's note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation.

2.
If the target MeNB decides to keep the SgNB, the target MeNB sends SgNB Addition Request to the SgNB including the SgNB UE X2AP ID as a reference to the UE context in the SgNB that was established by the source MeNB.

... 

10.8  Master Node to eNB/gNB Change

10.8.1  EN-DC
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Figure 10.8.1-1: Master Node to eNB Change procedure

... 

1.
The source MeNB starts the MeNB to eNB Change procedure by initiating the X2 Handover Preparation procedure. 

Editor's note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation.

2.
The target eNB includes the field in HO command which releases SCG configuration, and may also provide forwarding addresses to the source MeNB. The addition of an SgNB can be initiated only after completing HO.

... 


If we only focus on the two above procedures, the NR SCG configuration seems useless, then it may concluded that the SCG configuration should not be included in the HandoverPreparationInformation.

However, RAN3 discussed and achieved consensus that "From RAN3 point of view, this scenario (Inter-MN handover with SN change) is supported" in RAN3 #97 meeting, which is also agreed by most companies in Email [99#49][NR] MN/SN procedures. In this scenario, the SCG configuration is useful to support delta configuration by the target SN. Therefore, the SCG configuration should be sent from source (M)eNB to the target (M)eNB in all the three scenarios, because whether the SCG configuration is useful or not is decided by the target (M)eNB.

Observation 4: In the MN handover with SN keep/ change/ release procedure, whether the NR SCG configuration is useful or not is decided by the target (Master) node.

In addition, including the SCG configuration in the HandoverPreparationInformation has already been supported in LTE DC,.

Proposal 5: The source MN should include the SCG configuration in the HandoverPreparationInformation.

Besides deleting the Editor's note, in this case the conclusion needs to be specified clearly.

Modification 6: Delete the "Editor's note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation." in 10.7.1 and 10.8.1 and clarify that the SCG configuration should be included in the HandoverPreparationInformation for the two procedures.
3. Conclusion
The observations, proposals and modifications are summarized in the following: 
Observation 1: In case of SCG split bearers, transmission of DL data on Uu may take place after Step 7/8 or Step 10 when Step 6 is successfully completed.

Observation 2: The option of allowing an SN initiated SCG change in Step 2 has security implications, adding complexity to the MN initiated SN Modification procedure.
Observation 3: During the SN initiated SN Modification procedure, providing a new SCG configuration in Step 3 means that the MN initiates a new SgNB modification procedure in Step 2, i.e. a collision happens between the two procedures.

Observation 4: In the MN handover with SN keep/ change/ release procedure, whether the NR SCG configuration is useful or not is decided by the target (Master) node.

Proposal 1: During the MN initiated SN Modification procedure, SgNB shall not initiate a SCG change procedure in Step 2, at least in R15.

Proposal 2: For the case of a SN initiated SN Modification procedure colliding with a MN initiated SN Modification procedure, the solution in EN-DC could reuse the one in LTE DC, i.e. specifying in Stage 3 that the SN initiated SN Modification procedure is regarded as failed while the MN initiated SN Modification procedure continues .
Proposal 3: In EN-DC, the RACH-less access to t-SN is not supported in SN Change procedure at least in R15.

Proposal 4: In EN-DC, only the MN can trigger the UE to apply the new configuration in a SN Change procedure.

Proposal 5: The source MN should include the SCG configuration in the HandoverPreparationInformation.

Modification 1: Delete the "Editor's note FFS whether above holds for SCG split bearer" in 10.2.1.

Modification 2: Delete the "Editor's note: It is FFS whether the SgNB may initiate a SCG Change in step 2" in 10.3.1.
Modification 3: Delete the "Editor's note: It is FFS whether, when the SgNB Modification Required message contains SCG-Config in step 1, the following MeNB initiated SgNB Modification procedure triggered by the MeNB in step 2 can be used for anything that would require a new SCG configuration" in 10.3.1.
Modification 4: Delete the "Availability of RACH-less access is FFS" in 10.5.1.
Modification 5: Delete the "Editor's note: It is FFS whether the MeNB and/or the SgNB triggers the UE to apply the new configuration." in 10.5.1.
Modification 6: Delete the "Editor's note: FFS whether the source MeNB includes the SCG configuration in the HandoverPreparationInformation." in 10.7.1 and 10.8.1 and clarify that the SCG configuration should be included in the HandoverPreparationInformation for the two procedures.
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5. Text Proposal

----------------------------------------------------< First Change >----------------------------------------------------

10.2  Secondary Node Addition

10.2.1  EN-DC

... 

2.
If the RRM entity in the SgNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. The SgNB triggers Random Access so that synchronisation of the SgNB radio resource configuration can be performed. The SgNB decides the PScell and other SCG Scells and provides the new SCG radio resource configuration to the MeNB in the SgNB Addition Request Acknowledge message containing a NR RRC configuration message. For SCG bearers and SCG split bearers, the SgNB provides the new SCG radio resource configuration together with S1 DL TNL address information for the respective E-RAB and security algorithm, for MCG split bearers together with X2 DL TNL address information. For SCG split bearer, the SgNB provides also X2 UL TNL address information for respective E-RAB and the radio configuration that does not exceed the QoS level signalled in step 1.

NOTE:
For the SCG split bearer option, the SgNB may either decide to request resources from the MeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SgNB together, or even more. The SgNBs decision may be reflected in step 2 by the E-RAB parameters signalled to the MeNB, which may differ from E-RAB parameters received in step 1. The QoS level requested from the MeNB shall not exceed the level that the MeNB offered when setting up the SCG split bearer in step 1.

NOTE:
In case of MCG split bearers, transmission of user plane data may take place after step 2. 


NOTE:
In case of SCG bearers and SCG split bearers, data forwarding and the SN Status Transfer may take place after step 2.

NOTE:
For the SCG split bearer option, the SgNB may either decide to request resources from the MeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SgNB together, or even more. The SgNBs decision may be reflected in step 2 by the E-RAB parameters signalled to the MeNB, which may differ from E-RAB parameters received in step 1.

... 

----------------------------------------------------< Next Change >----------------------------------------------------

10.3  Secondary Node Modification (MN/SN initiated)

10.3.1  EN-DC

... 

MN initiated SN Modification

... 

2.
The SgNB responds with the SgNB Modification Request Acknowledge message, which may contain SCG radio resource configuration information within a NR RRC configuration message and data forwarding address information (if applicable).  In case of SCG Change, for E-RABs configured with the MCG split bearer option for which no bearer type change is performed, the SgNB provides a new DL GTP TEID to the MeNB. The MeNB shall continue sending DL PDCP PDUs to the SgNB with the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and use the new DL GTP TEID starting with the PDCP re-establishment or data recovery. In case of SCG Change, for E-RABs configured with the SCG split bearer option for which no bearer type change is performed, the SgNB provides a new UL GTP TEID to the MeNB. The MeNB shall continue sending UL PDCP PDUs to the SgNB with the previous UL GTP TEID until it re-establishes the RLC and use the new UL GTP TEID after re-establishment.


3/4. ...

----------------------------------------------------< Next Change >----------------------------------------------------

10.3  Secondary Node Modification (MN/SN initiated)

10.3.1  EN-DC

... 

SN initiated SN Modification with MN involvement

... 

2/3. If data forwarding and/or SgNB security key change needs to be applied, the MeNB triggers the preparation of the MN initiated SN Modification procedure and provides forwarding address and/or a new SgNB security key information within the SgNB Modification Request message, respectively. If the SgNB requested to release a bearer in step 1, and the MeNB decides to reconfigure it to an MCG bearer, the MeNB provides the SCG Change Indication within the SgNB Modification Request message and the SgNB provides respective RRC information within the SgNB Modification Request Acknowledgement message.


NOTE: If only SgNB security key (i.e. without SCG Change Indication) is provided in step 2, the MeNB does not need to wait for the reception of step 3 to initiate the RRC connection reconfiguration procedure.

... 

----------------------------------------------------< Next Change >----------------------------------------------------

10.5  Change of Secondary Node (MN/SN initiated)

10.5.1  EN-DC

... 

MN initiated SN Change

... 

1/2. The MeNB initiates the change of SgNB by requesting the target SgNB to allocate resources for the UE by means of the SgNB Addition procedure. The MeNB may include measurement results related to the target SgNB. If forwarding is needed, the target SgNB provides forwarding addresses to the MeNB. 


3.
...

... 

----------------------------------------------------< Next Change >----------------------------------------------------

10.5  Change of Secondary Node (MN/SN initiated)

10.5.1  EN-DC

... 

SN initiated SN Change

... 

4/5. The MeNB triggers the UE to apply the new configuration. The MeNB indicates the new configuration to the UE in the RRCConnectionReconfiguration message including the NR RRC configuration message generated by the target SgNB. The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including the encoded NR RRC response message for the target SgNB. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.


6.
 ...

----------------------------------------------------< Next Change >----------------------------------------------------

10.7  Inter-Master Node handover without Secondary Node change

10.7.1  EN-DC

... 

1.
The source MeNB starts the handover procedure by initiating the X2 Handover Preparation procedure, including both MCG and SCG configuration. The source MeNB includes the SgNB UE X2AP ID and SgNB ID as a reference to the UE context in the SgNB that was established by the source MeNB in the Handover Request message.


2.
If the target MeNB decides to keep the SgNB, the target MeNB sends SgNB Addition Request to the SgNB including the SgNB UE X2AP ID as a reference to the UE context in the SgNB that was established by the source MeNB.

... 

----------------------------------------------------< Next Change >----------------------------------------------------
10.8
Master Node to eNB/gNB Change
10.8.1
EN-DC

Editor’s note: Details of RRC signalling are FFS and pending RAN2 agreement.
The Master Node to eNB Change procedure is used to transfer context data from a source MeNB/SgNB to a target eNB.
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Figure 10.8.1-1: Master Node to eNB Change procedure

Figure 10.8.1-1 shows an example signalling flow for the Master Node to eNB Change procedure:

1.
The source MeNB starts the MeNB to eNB Change procedure by initiating the X2 Handover Preparation procedure, including both MCG and SCG configuration. 


...
----------------------------------------------------< End of Change >----------------------------------------------------
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