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Abstract of the contribution: This contribution outlines the scenarios where indication of change in BCM by GGSN/PDN-GW to UE when connected via pre-R7 Gn/Gp SGSNs, S4-SGSNs, and MME may be needed. Corresponding way forward is also proposed.
Discussion
Scenario#1: MME to 3G SGSN (w/ NRSN support) combined hard handover and SRNS relocation procedure (START_BCM = MS-NW, END_BCM = MS-NW)
Pre-conditions:

1. GERAN, UTRAN and EUTRAN capable UE

2. UE is successfully attached to EPC

3. ECM_CONNECTED UE is handed over from EUTRAN to UTRAN; from MME to 3G Gn/Gp SGSN (w/ NRSN support)

TS 23.401 v10.5.0 Normative Annex D.3.3 specified end-to-end behaviour for case when UE/MS is handed over from MME to a Gn/Gp 3G SGSN. The call flow below from Annex D.3.3 is included for convenient referencing.
(Note: It is implicit that portions of Annex D text quoted here is snapshot of TS 23.060 text at the time of issuance of TS 23.401 document. It may not reflect the latest and greatest update to 23.060)
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An EUTRAN capable UE attached to EUTRAN is required to support Bearer Control Mode (BCM) of “MS/NW”. Prior to TS 23.401 v8.4.0, an EUTRAN-capable UE which was also capable of GERAN/UTRAN wasn’t required to inform the network explicitly about UE support of Network Requested bearer control for when in GERAN/UTRAN. BCM derivation by PGW for an EUTRAN UE was implicitly set to “MS/NW”. However, CR S2-093952 mandated an EUTRAN capable UE that also had GERAN/UTRAN capabilities to send, in Attach and UE Requested PDN Connectivity Request, NRSU in the PCO to indicate the support of the network requested bearer control in UTRAN/GERAN.
Such a UE that is successfully attached to EPC will have say BCM = MS/NW indicated to it by PGW. Lets call this BCM as START_BCM. When such a UE is handed over from EUTRAN to UTRAN, per flow above, at Step 16, the 3G SGSN (with NRSN support) sends Update PDP Context Request (UPCQ) to GGSN (PGW implementing Gp i/f) as follows:

16.
Upon receipt of the Relocation Complete message, the CN shall switch the user plane from the source RNC to the target SRNC. If the SRNS Relocation is an inter-SGSN SRNS relocation or if Direct Tunnel was established in intra-SGSN SRNS relocation, the new SGSN sends Update PDP Context Request messages (new SGSN Address, SGSN Tunnel Endpoint Identifier, QoS Negotiated, serving network identity, CGI/SAI, User CSG Information, RAT type, MS Info Change Reporting support indication, NRSN, DTI) to the GGSNs concerned. The SGSN shall send the serving network identity to the GGSN. If Direct Tunnel is established the SGSN provides to GGSN the RNC's Address for User Plane and TEID for Downlink data and shall include the DTI to instruct the GGSN to apply Direct Tunnel specific error handling procedure as described in clause 13.8. NRSN indicates SGSN support of the network requested bearer control. The GGSNs update their PDP context fields and return an Update PDP Context Response (GGSN Tunnel Endpoint Identifier, Prohibit Payload Compression, APN Restriction, MS Info Change Reporting Action, CSG Information Reporting Action, BCM) message. The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context.

The GGSN behaviour of indication of recomputed BCM, in this scenario, not being done at step 16 of Handover procedure, following SGSN-Initiated PDP Context Modification procedure instead, can be confirmed from the following excerpt in 23.060 v10.5.0 section 9.2.0:
If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.

GGSN-initated PDP Context Modification procedure is explained in 23.060 9.2.3.2 (of which Step 1 UPCQ from GGSN(SGSN is shown below):

1)
The GGSN sends an Update PDP Context Request (TEID, NSAPI, PDP Address, QoS Requested, Negotiated Evolved ARP, Prohibit Payload Compression, APN Restriction, MS Info Change Reporting Action, CSG Information Reporting Action, TFT, Protocol Configuration Options, BCM, APN-AMBR) message to the SGSN. The GGSN sets the Negotiated Evolved ARP based on local policy or PCC. The Allocation/Retention Priority of the QoS Profile Negotiated is derived from the Evolved ARP according to the mapping principles of TS 23.401 [89], Annex E. QoS Requested indicates the desired QoS profile. The QoS Requested may be equal to, an upgrade or a downgrade compared to the current QoS of the PDP context. PDP Address is optional. The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context. The TFT is optional and included in order to add, modify or delete the TFT related to the PDP Context. Protocol Configuration Options may contain the BCM as well as optional PDP parameters that the GGSN may transfer to the MS. BCM shall also be sent as a separate IE to the SGSN. BCM indicates the Bearer Control Mode applicable to all PDP Contexts within the activated PDP Address/APN pair. The GGSN shall only indicate Bearer Control Modes allowed according to the NRSN and NRSU previously indicated by the SGSN and MS respectively. The SGSN may restrict a desired QoS profile given its capabilities, the current load, the current QoS profile, and the subscribed QoS profile. The SGSN shall apply a Negotiated Evolved ARP even if it is different from the Subscribed Evolved ARP. The BCM is used by the SGSN to handle unexpected session management signalling. If the GGSN determines the active APN-AMBR needs to be modified, the APN-AMBR is included in the request message. If the modification is triggered by a change of the APN-AMBR only, then only one PDP context associated with that APN shall be modified. The SGSN recalculates the UE-AMBR if the APN-AMBR was received from the GGSN: see clause 15.2.2.

In this scenario, because Gn/Gp SGSN supports NRSN, and indicates so in UPCQ (SGSN(GGSN), there is no change in BCM for the UE/MS in moving from MME to 3G Gn/Gp SGSN.
Issue#1: 23.401 Annex D.3.3 Step 16 involves GGSN sending BCM IE to SGSN in UPCR. But, 23.060 Section 9.2.0 mandates GGSN to communicate change in BCM upon completion of SGSN-Initiated PDP Context Modification procedure. Therefore, we can conclude that BCM IE sent in UPCR GGSN(SGSN at Step 16 should include START_BCM not END_BCM. Whether or not START_BCM or END_BCM is sent in BCM IE in UPCR GGSN(SGSN at Step 16 should be clarified via a NOTE or other appropriate means (Please also refer to Issue#2 for further discussion).
Scenario#2: MME to 3G SGSN (w/o NRSN support) combined hard handover and SRNS relocation procedure (START_BCM = MS-NW, END_BCM = MS-Only)
Pre-conditions:

1. GERAN, UTRAN and EUTRAN capable UE Network initiated bearer control
2. UE is successfully attached to EPC

3. ECM_CONNECTED UE is handed over from EUTRAN to UTRAN; from MME to 3G Gn/Gp SGSN (without NRSN support)

Similar to scenario#1 in this scenario START-BCM = MS/NW. When UE/MS is moved to UTRAN, at Step 16 from Annex D.3.3, assume SGSN does not indicate NRSN in UPCQ. Because SGSN has indicated no support for Network Requested Bearer Control, GGSN should recompute BCM to be END-BCM = MS-Only. GGSN should also send UPCR w/ BCM IE set to MS-Only. We believe that providing the new BCM mode to SGSN (via BCM IE in UPCR) would allow SGSN to be better prepared for handling further Session Management Procedures. The GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. The new PCO IE must also be transferred to UE/MS by SGSN (which is sent as part of GGSN or P-GW Init PDP Context modification procedure).
Rel-7 introduced the notion of Bearer Control Mode (BCM) for MS-Only and MS/NW. With the introduction of MS/NW, also came the support for Network-Initiated Secondary PDP Context Activation Procedure. For pre-Rel7 networks, 23.060 v6.15.0 section 9.2.3.2, PCO IE (and BCM IE) isn’t shown in Update PDP Context Request (GGSN(SGSN):
1)
The GGSN sends an Update PDP Context Request (TEID, NSAPI, PDP Address, QoS Requested, Prohibit Payload Compression, APN Restriction) message to the SGSN. QoS Requested indicates the desired QoS profile. PDP Address is optional. The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context. The SGSN may restrict the desired QoS profile given its capabilities, the current load, the current QoS profile, and the subscribed QoS profile.

Although Stage 2 spec doesn’t explicitly indicate PCO IE, 29.060 v6.21.1 section 7.3.3 allows for it:
An Update PDP Context Request may also be sent from a GGSN to a SGSN to re-negotiate the QoS of a PDP context. The GGSN-initiated Update PDP Context Request can also be used to provide a PDP address to the SGSN (and MS). The latter shall be used by GGSN when it acts as a DHCP Relay Agent or Mobil IP Foreign Agent. A GGSN may send an update PDP context to a SGSN to check that the PDP context is still active at the SGSN. In such a case, the GGSN shall include the optional IMSI IE, to add robustness against the case the SGSN has re-assigned the TEID to another PDP context (this may happen when the PDP context is dangling at the GGSN). Also, the "Quality of service profile" IE and the "End user Address" IE shall not be included in this case.

The Quality of Service Profile information element shall include the GGSN requested QoS.

The End User Address information element shall contain a valid IPv4 or IPv6 address.

The GGSN shall include a Recovery information element into the Update PDP Context Request if the GGSN has restarted recently and the new Restart Counter value has not yet been indicated to the SGSN. The SGSN that receives a Recovery information element in the Update PDP Context Request message element shall handle it in the same way as when receiving an Echo Response message. The Update PDP Context Request message shall be considered as a valid update request for the PDP context indicated in the message.
The NSAPI information element together with the Tunnel Endpoint Identifier in the GTP header unambiguously identifies a PDP Context in the SGSN.

The GGSN includes the Protocol Configuration Options (PCO) information element in the request if the GGSN wishes to provide the MS with application specific parameters. The SGSN includes this IE in the Modify PDP Context Request message if the associated Update PDP Context Request message from the GGSN includes protocol configuration options. The SGSN shall copy the content of this IE transparently from the content of the PCO IE in the Update PDP Context Request message.
However, PCO IE in GGSN-Initiated UPCQ was only introduced from 29.060 v5.4.0 onwards. Hence, the following cases can be distinguished:

1. If MME hands over to later-Rel-5 Gn/Gp SGSN, then:

a. GGSN ( SGSN UPCQ (BCM, PCO)

b. SGSN doesn’t understand BCM IE; ignores it. But, forwards PCO IE down to UE

c. UE is aware of BCM change

2. If MME hands over to early Rel-5 Gn/Gp SGSN, then:

a. GGSN ( SGSN UPCQ (BCM, PCO)

b. SGSN doesn’t understand BCM IE; ignores it. SGSN can’t forward PCO IE to UE

c. UE is NOT aware of BCM change

Issue#2: In case /2/, as identified above, MME(pre- early-Rel5 Gn/Gp SGSN HO will result in UE not being informed about the change in BCM. 
Scenario#3: Inter-SGSN change from 3G SGSN (w/ NRSN support) to 3G SGSN (w/o NRSN support) (START_BCM = MS-NW, END_BCM = MS-Only)
Pre-conditions:

1. GERAN, UTRAN capable MS with support for Network initiated bearer control
2. MS is GPRS ATTACHED. UE creates PDP Ctx.
3. MS performs RAU causing SGSN change
In this scenario, MS moves from a Gn/Gp SGSN with NRSN support to a Gn/Gp SGSN without NRSN (in other words, pre-R7 SGSN) support. Same issue as issue#2. 
Issue#3: Similar to issue#2, in case of post-Rel5 Gn/Gp SGSN(pre- early-Rel5 Gn/Gp SGSN HO, UE not being informed about the change in BCM 
Scenario#4: 3G SGSN (w/o NRSN support) to MME combined hard handover and SRNS relocation procedure (START_BCM = MS-ONLY, END_BCM = ??)

Pre-conditions:

1. GERAN, UTRAN and EUTRAN capable UE/MS w/ support for Network initiated bearer control
2. UE/MS is GPRS ATTACHED. UE/MS creates PDP Ctx.
3. UE/MS is handed over from UTRAN to EUTRAN; from 3G Gn/Gp SGSN (without NRSN support) to MME
23.401 v10.5.0 Annex D.3.4 describes this scenario. Even though UE/MS supports Network initiated bearer control mode, because the Primary PDP Ctx was granted by a Gn/Gp SGSN without NRSN support, the initial selected BCM mode by GGSN for this UE/MS is MS-Only. Then, UE/MS moves from a Gn/Gp SGSN without NRSN support to MME
Issue#4: The End State (END_BCM) is unclear here. 23.401 mandates EUTRAN capable UE also capable of GERAN/UTRAN to send NRSU during EUTRAN attach/PDN connectivity since Rel-9 (per S2-093952): 

“If the UE has UTRAN or GERAN capabilities, it shall send the NRSU in the PCO to indicate the support of the network requested bearer control in UTRAN/GERAN”

One would naturally assume that when the UE is Handed over from 2G/3G to EUTRAN, it would also need to change BCM from MS-ONLY to MS/NW. However, this does not need to be the case, as NRSU is applicable for 2G/3G only (also see 23.401 5.7.4). Hence, depending on UE implementation, the BCM in UE could remain MS-ONLY after UE has been handed over to EUTRAN.
Scenario#5: 3G SGSN (w/o NRSN support) to S4-SGSN procedure (START_BCM = MS-ONLY, END_BCM = MS-NW)
Pre-conditions:

1. GERAN, UTRAN and EUTRAN capable UE/MS w/ support for Network initiated bearer control
2. UE/MS is GPRS ATTACHED. UE/MS creates PDP Ctx.
3. UE/MS is handed over from UTRAN to EUTRAN; from 3G Gn/Gp SGSN (without NRSN support) to S4-SGSN

Even though UE/MS supports Network initiated bearer control mode, because the Primary PDP Ctx was granted by a Gn/Gp SGSN without NRSN support, the initial selected BCM mode by GGSN for this UE/MS is MS-Only. Then, UE/MS moves from a Gn/Gp SGSN without NRSN support to an S4-SGSN. S4-SGSN doesn’t signal NRSN towards PGW per 23.060 v10.5.0 section 9.2.0 (quoted again for convenience):

If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.
Issue#5: When connected via Gn/Gp SGSN (w/o NRSN support), PGW had derived BCM to be MS-Only. During/after HO to S4-SGSN, new BCM in PGW is MS/NW. This change of BCM should be notified to the UE/MS as well.
Question#1: From a practical standpoint, will an EUTRAN capable UE which also is GERAN or UTRAN capable NOT include NRSU flag when attaching to EUTRAN? In other words, UE has a Rel-8+ EUTRAN stack, but a pre-R7 GERAN or UTRAN stack? If so, then some more thought into above scenarios may be needed (as depicted scenarios assume UE supports network initiated bearer control mode).
Proposed Solution
1. For Issue#1: 
a. Add a NOTE to 23.401 Annex D.3.3 Step 16 to clarify whether BCM IE includes old (START_BCM) or new (END_BCM) BCM value. 
b. Also, change 23.060 Section 9.2.0 statement from:
If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.
To

If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to notify the MS of a change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.
2. For Issue#2,3: Add a NOTE in 23.060 Section 9.2.0 to document the limitation of BCM change not being communicated to some pre-Rel6 Gn/Gp SGSNs 
3. For Issue#4: Add normative text to 23.401 Annex D.3.4 figures and steps to allow PDN GW to issue Update Bearer Request (w/ PCO IE carrying new BCM) referencing 23.401 section 5.4.3. Also modify 23.401 Section 5.4.3 to capture BCM change as a trigger to start this procedure on PDN GW.
4. For Issue#5: 
a. Update 23.060 section 9.2.0 from:
If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change), perform a GGSN or P‑GW-Initiated PDP Context Modification to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.
to

If the NRSN is not included in the Update PDP Context Request message from the SGSN, or the SGSN does not indicate support of the network requested bearer control, the GGSN or P‑GW shall, following a SGSN-Initiated PDP Context Modification (triggered by SGSN change) for Gn/Gp or S4-case, perform a GGSN-Initiated PDP Context Modification or PDN-GW-Initiated Bearer Modification Procedure to change the BCM to 'MS-Only' for all PDP-Address/APN-pairs for which the current BCM is 'MS/NW'. An S4-based SGSN shall apply the BCM 'MS/NW' whenever the S4 is selected for a certain MS.

NOTE 6:
The S4-SGSN needs to support the network requested bearer control due to the nature of the procedures and thus a dynamic signalling of NRSN and BCM is not necessary.
AND

b. 23.060 section 9.2.3 should be changed from

The following parameters can be modified:

-
QoS Negotiated;

-
Negotiated Evolved ARP;

-
Radio Priority;

-
Packet Flow Id;

-
PDP Address (in case of the GGSN-initiated modification procedure);

-
TFT (in case of MS- or GGSN or PDN GW-initiated modification procedure);

-
Protocol Configuration Options (in case of MS and GGSN-initiated modification procedure);

-
BCM (in case of GGSN-initiated modification procedure);

-
Usage of Direct Tunnel; and

-
APN-AMBR.


To
The following parameters can be modified:

-
QoS Negotiated;

-
Negotiated Evolved ARP;

-
Radio Priority;

-
Packet Flow Id;

-
PDP Address (in case of the GGSN-initiated modification procedure);

-
TFT (in case of MS- or GGSN or PDN GW-initiated modification procedure);

-
Protocol Configuration Options (in case of MS and GGSN-initiated modification procedure);

-
BCM (in case of GGSN or PDN-GW-initiated modification procedure);

-
Usage of Direct Tunnel; and

-
APN-AMBR.

The above mentioned changes are suggested to be implemented from Rel-10 onwards especially because Issue#4,5 highlights a specification interpretation gap on PDN-GW implementation. If SA2 believes the above mentioned changes are sufficient to be captured in Rel-11 specs, then that too is acceptable.
Proposal

SA2 community and specially Operators that currently have and are planning to carry on having pre-R7 Gn/Gp SGSNs, and also introducing MMEs or S4-SGSNs, may need to decide whether issues identified above are in fact issues. If so, then is there a desire to fix the identified problems/gaps.

If the scenarios and issues raised are agreed to be valid concerns (and gaps in our specification), then CRs based on outlined proposed solution or additional proposed solution can be provided during next meeting.
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