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1.
Introduction

At RAN5#71, RAN5 sent an LS [1] asking CT1 about the possible and allowed Rel-8 UE behaviours when the UE performs inter-RAT cell selection from E-UTRA RRC_IDLE to GSM_Idle/GPRS Packet_idle. Specifically, RAN5 asked CT1 the following 2 questions regarding following test procedure: 
Test Case Description:

The test sequence can be summarized as follows: 

1) Initially the UE is camping on a GERAN cell where it performs a RAU. (The UE is GPRS attached, but does not have any PDP context activated.)

2) While in idle mode, the UE reselects to E-UTRAN.

3) As the UE does not have any PDP contexts activated, it moves to EMM state EMM-DEREGISTERED and GMM state GMM-DEREGISTERED.

4) The UE performs an EPS attach procedure. (During this procedure the subscriber context in the old SGSN is deleted or marked as “detached”.)

5) While in idle mode, the UE reselects to GERAN.

6) The UE performs a RAU.

Question 1: What is the correct LLC sequence number N(U) to be set by the UE in the LLC frame carrying the RAU REQUEST message in step 6 mentioned above? Should it be set to ‘0’ or with ‘sequence number incremented by 1’ compared to the last LLC frame sent by the UE during the RAU in step 1?
Question 2: Is verification of correct setting of LLC sequence number N(U) important in the above mentioned scenario? Will there be any interoperability impact in case of a non conformant UE?
The purpose of this contribution is to examine the spec requirements in the scenario mentioned above, and to propose answers to RAN5’s questions.
2.
Discussion
2.1 Question 1
What is the correct LLC sequence number N(U) to be set by the UE in the LLC frame carrying the RAU REQUEST message in step 6 mentioned above? Should it be set to ‘0’ or with ‘sequence number incremented by 1’ compared to the last LLC frame sent by the UE during the RAU in step 1?
· Specification requirements:
TS 44.064 [4], subclause 12.2.2 contains the following text regarding the times when the logical connection (LLC) is released and established.

The LLC connection is maintained as the MS moves between cells served by the same SGSN. When the MS moves to a cell being served by a different SGSN, the existing connection is released and a new logical connection is established with the new SGSN.
Conclusion 1: When the UE reselects to E-UTRAN at Step 2, the SGSN will release the LLC connection.

TS 23.401 [2] contains the following requirement in subclause 5.3.2.1 for the attach procedure:
8. If the MME has changed since the last detach, or if there is no valid subscription context for the UE in the MME, or if the UE provides an IMSI or the UE provides an old GUTI which doesn't refer to a valid context in the MME, or for some network sharing scenario (e.g. GWCN) if the PLMN-ID of the TAI supplied by the eNodeB is different from that of the GUTI in the UE's context, the MME sends an Update Location Request (MME Identity, IMSI, ME Identity (IMEISV), MME Capabilities, ULR-Flags, Homogeneous Support of IMS Voice over PS Sessions, UE SRVCC capability, equivalent PLMN list) message to the HSS. The MME capabilities indicate the MME's support for regional access restrictions functionality. ULR-Flags indicates "Initial-Attach-Indicator" as this is an Attach procedure. The inclusion of the equivalent PLMN list indicates that the MME supports the inter-PLMN handover to a CSG cell in an equivalent PLMN using the subscription information of the target PLMN. The "Homogenous Support of IMS Voice over PS Sessions" indication (see clause 4.3.5.8A) shall not be included unless the MME has completed its evaluation of the support of "IMS Voice over PS Session" as specified in clause 4.3.5.8.

NOTE 9:
At this step, the MME may not have all the information needed to determine the setting of the IMS Voice over PS Session Supported indication for this UE (see clause 4.3.5.8). Hence the MME can send the "Homogenous Support of IMS Voice over PS Sessions" later on in this procedure.

(…)
9.
The HSS sends Cancel Location (IMSI, Cancellation Type) to the old MME. The old MME acknowledges with Cancel Location Ack (IMSI) and removes the MM and bearer contexts. If the ULR-Flags indicates "Initial-Attach-Indicator" and the HSS has the SGSN registration, then the HSS sends Cancel Location (IMSI, Cancellation Type) to the old SGSN.
The above text indicates that when the UE reselects from GERAN to E-UTRAN and performs the attach procedure in E-UTRAN, the old SGSN will receive the Cancel Location message from the HSS.

TS 23.060 [3] subclause 6.1.1.4 contains following section about MM state transition in SGSN upon reception of Cancel Location message.

Moving from STANDBY to IDLE:

-
(…)
-
Cancel Location: The SGSN receives a MAP Cancel Location message from the HLR, and removes the MM and PDP contexts.

The above references from TS 23.060 indicate that upon reception of the Cancel Location message, the old SGSN will not retain the MM context of the UE. 
Conclusion 2: When the UE attaches in E-UTRAN at Step 4, the SGSN will receive a Cancel Location message, which will cause the SGSN to remove the MM context of the UE. 

TS 24.008 [5], subclause 4.7.1.4.1 contains the following text regarding RR sublayer address handling for A/Gb mode. 
For an MS supporting S1 mode, the following five cases can be distinguished:

a)
the TIN indicates "P-TMSI" or "RAT‑related TMSI" and the MS holds a valid P-TMSI and a RAI;

b)
the TIN indicates "GUTI" and the MS holds a valid GUTI;

c)
the TIN is deleted and the MS holds a valid P-TMSI and RAI;

d)
the TIN is deleted and the MS holds a valid GUTI, but no valid P-TMSI and RAI; or

e)
none of the previous cases is fulfilled.

In case a) the MS shall derive a foreign TLLI from the P-TMSI and proceed as specified for case i) above.

In case b), the MS shall derive a P-TMSI from the GUTI and then a foreign TLLI from this P-TMSI and proceed as specified for case i) above.
TS 44.064 [4] subclause 4.5.1 defines the logical connection as follows - 
A logical link connection is identified by a DLCI consisting of two identifiers: a SAPI and a TLLI.

Above references shows that a new LLC connection will be established when UE performs RAU procedure after reselecting to GERAN. 

Conclusion 3: When the UE reselects to GERAN after having attached in E-UTRAN, a new LLC connection with a foreign TLLI will be used to perform the RAU procedure at Step 6.

· Summary:
Based on the specification requirements discussed above, the following conclusions can be drawn:

· When the UE reselects to E-UTRAN at Step 2, the SGSN will release the LLC connection.

· When the UE attaches in E-UTRAN at Step 4, the SGSN will receive a Cancel Location message, which will cause the SGSN to remove the MM context of the UE.
· When the UE reselects to GERAN after having attached in E-UTRAN, a new LLC connection with a foreign TLLI will be used to initiate the RAU procedure at Step 6.

· The RAU Request at Step 6 will be transferred in unacknowledged mode.

Given that the RAU Request at Step 6 will be sent on a new LLC connection, with a foreign TLLI, there is no expectation of a specific LLC sequence number.
· Proposed answer to Question 1: 

Given the conclusion above, it is proposed that the answer to Question 1 be:
There is no expectation of a specific LLC sequence number N(U) for the LLC frame carrying the RAU Request message sent by the UE at Step 6 in the described test sequence.
2.2 Question 2
Is verification of correct setting of LLC sequence number N(U) important in the above mentioned scenario? Will there be any interoperability impact in case of a non conformant UE?
· Specification requirements:

TS 23.060 [3] subclause 11.2 has following text regarding configuration of LLC when network also deploys E-UTRAN.

11.2
Network Configuration for Interaction with E-UTRAN and S4-SGSNs

GPRS idle mode mobility procedures performed by Gn/Gp SGSNs specify a set of sequence number handling functions, e.g. the exchange of sequence numbers during Routing Area Update procedure. E-UTRAN based and S4-SGSN based idle mode mobility procedures don't specify any such sequence number mappings for mobility scenarios. To avoid interoperation issues a network that deploys E-UTRAN and/or S4-SGSNs shall not configure usage of the feature "delivery order required" for PDP contexts of PDP type IPv4, IPv6 or IPv4v6. Also the network shall not configure usage of lossless PDCP of UTRAN and the GERAN SGSN shall not configure usage of acknowledged mode LLC/NSAPI/SNDCP.

And subclause 12.1.2 in the same specification [3] specifies the transmission mode for LLC as follows:
12.1.2
LLC Transmission Modes (A/Gb mode)

Two modes of operation of the LLC layer are defined for information transfer; unacknowledged and acknowledged. The LLC layer shall support both modes simultaneously.

-
In acknowledged mode, the receipt of LL‑PDUs is confirmed. The LLC layer retransmits LL‑PDUs if confirmation has not been received within a timeout period.

-
In unacknowledged mode, there is no confirmation required for LL‑PDUs.

Signalling and SMS shall be transferred in unacknowledged mode.
Conclusion 4: When the UE reselects to GERAN after having attached in E-UTRAN, the RAU Request message sent at Step 6 will be transferred in unacknowledged mode.


TS 44.064 [4] subclause 6.4.2.1 has following text regarding the unacknowledged mode transmission.

6.4.2.1
Unconfirmed Information (UI) command

When a layer‑3 entity requests unacknowledged information transfer, the UI command shall be used to send information to its peer. No verification of sequence numbers is performed for UI frames. Therefore, the UI frame may be lost without notification to the layer‑3 entity if a logical link exception occurs during transmission of the command.
Conclusion 5: No verification of the sequence number used for the LLC frame carrying the RAU request message at Step 6 will be performed by the SGSN.
· Summary:
Based on the specification requirements discussed above, the following conclusions can be drawn:

· When the UE reselects to GERAN after having attached in E-UTRAN, the RAU Request message sent at Step 6 will be transferred in unacknowledged mode 

· No verification of the sequence number used for the LLC frame carrying the RAU request message at Step 6 will be performed by the SGSN.

Consequently, there is no need to check the value of the LLC sequence number N(U) used by the UE to send the RAU Request message at Step 6.
· Proposed answer to Question 2: 

Given the conclusion above, it is proposed that the answer to Question 2 be:

The verification of correct setting of LLC sequence number N(U) is not needed in the described test sequence.

3
Proposal
In light of the specification requirements discussed in the previous section, it is proposed to reply as follows to RAN5’s 2 questions:

Answer to Question 1:

There is no expectation of a specific LLC sequence number N(U) for the LLC frame carrying the RAU Request message sent by the UE at Step 6 in the described test sequence

Answer to Question 2:

The verification of correct setting of LLC sequence number N(U) is not needed in the described test sequence.
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