3GPP TSG CT WG1 Meeting #67
C1-103881
Barcelona, Spain, 11 – 15 October 2010

Source:
Ericsson, ST-Ericsson

Title:
MSBit=1 in LAC, evaluation of solution proposals

Agenda item:
9.2.1
Document for:
Discussion

Abstract of the contribution: In rel-8 it is specified to use the MSBit in the LAC and MME Group ID to indicate if temporary identity was a mapped or not. It has been found out that some operators already before rel-8 configured LAC using the full value range i.e. there exist LAC values with MSBit=1 in deployed networks but from rel-8 MSBit=1 is reserved to indicate an MME Group ID. This contribution analyzes a number of solutions being discussed in an SA2 e-mail discussion.

Problem summary

· In the development of the rel-8 standard a solution was worked out to solve the issue to have different temporary IDs in GERAN/UTRAN and E-UTRAN and how to handle mobility between the RAT’s without modifying Gn SGSNs. One result of this work was the specification to use the MSBit in LAC and MME Group ID to indicate if the temporary id was mapped or not i.e. MSBit=1 indicates an MME Group ID (temporary ID allocated by MME) and MSBit=0 indicates LAC (temporary ID allocated by SGSN).
In the pre rel-8 standard there is no restriction on using the MSBit or any value range of the 16-bit LAC value. Later it has been found out that a number of operators already configured LACs using the full value range of the LAC value i.e. there exist already LAC values with MSBit=1 in deployed networks, and that for some of these operators it is not possible to reconfigure their networks according to the above 0/1 rule by the time they deploy LTE.
· Some operators already having large 2G/3G networks configured with many LACs with MSBit=1, judge reconfiguration of these LAC values as a non acceptable burden.

· A backward compatible solution is wanted.
There seems to be different views about criteria for backwards compatibility and based on this what types of updates can be acceptable, e.g.

· Rel-8 is already not backward compatible with Rel-7 (as limitations for LACs are introduced), or/and

· Proposed solutions are not backward compatible to deployed LTE/SAE.

· UE behaviour preferentially not changed.

· Might be softened for long term solutions

· Some preference to solve also the configuration issues in eNodeB due to large number of LAC values to be configured (problem B) and not only the MSB split/configuration problem

· Agreement that LAC and MME group ID should remain disjoint to avoid changes in Gn SGSN. This is independent if MSBit rule is followed or not.

· LAC value range of 32k is to low for operators with large deployed 2G/3G networks (many LACs configured with MSBit=1) and number of required MME Group IDs are going to much less than the number of LAC values 

· Support of combined SGSN/MME nodes to be maintained by a solution, i.e. avoid unnecessary MME/SGSN changes caused by iRAT mobility.
· To be confirmed by operators: as stated in S2-104257 (approved), when changing network the SGSN/MME generally does not retrieve the UE context from the old SGSN/MME which is outside a seamless mobility zone, where a “Seamless Mobility Zone” is made of the VPLMN and the PLMNs where seamless mobility with the VPLMN is supported (incl. context transfer). This assumption may limit the scope of required equal configurations for cooperating PLMNs for any solution that implies configurations, like a configured LAC/MMEgroup split. Note that it might be necessary to consider potential merge of operator networks in a country.

At the 3GPP SA2#80 meeting the discussion paper S2-103637 was presented and in this document three problem areas A1, A2 and B was defined. As these problem areas are referenced also in this discussion paper the definitions are copied from S2-103637 as can be seen below.

Problem A

· Incorrect setting of MSB gives erroneous behavior in two nodes:

· A1: The GUMMEI IE is sent on RRC to eNodeB for selection of MME

· With a mapped GUMMEI with MSB=1 the eNodeB tries to match the LAC value with the configured MME Group ID value!

· The mismatch results in that eNodeB selects an arbitrary MME and not the MME where the UE is registered. This causes additional signalling, also over air.

· A2: The GUTI is sent on NAS (TAU Request) to allow the MME to find the old CN node for context request i.e. old SGSN or old MME

· With a mapped GUTI with MSB=1 the MME tries to do a DNS lookup of an MME instead of an SGSN! 

· This will result in a re-attach as no context is retrieved from old SGSN.

Problem B

· A LAC sent to eNodeB in mapped GUMMEI cause a configuration issue at the eNodeB and MME.

· eNodeB needs to reserve memory resources for 32k (15 bits) LAC values

· A large amount of LAC configuration data is needed in MME to support eNodeB

· A large amount of data is sent in the single IE ServedGUMMEIs in SETUP RESPONSE and that this will challenge the implementation of commercially available SCTP stack implementation since the message size may exceed 64kB (32k LAC values where each require 16 bits + in addition also other components of the IE).

Below is also additional details given related to above problem A1 and B (copied from discussion paper S2-103637):


[image: image1]
· The standard does not mandate to configure LAC in the eNodeB

· LAC configured in eNodeB
· A matching LAC code identifies the UE as registered by an associated SGSN, i.e. an SGSN for which the eNodeB shall select a specific MME in order to get coordinated UE handling. Supports the use of combined or associated SGSN/MME

· There is no parameter SGSN pool ID. An SGSN pool is instead defined by the location areas / routing areas it serves. This results in a large amount of data to be configured as there are typically thousands of LACs per SGSN pool.

· One MME Group ID entry representing one MME pool corresponds to thousand of LAC entries to represent one SGSN pool 

· LAC not configured in eNodeB

· Reduced support for combined or associated SGSN/MME selection

· Problem occurs first time going from 2G/3G to LTE, resulting in random selection of MME. Association is resolved when UE moves back to 2G/3G and associated SGSN is selected based on allocated GUTI.

· If UE provides a mapped GUMMEI (TIN=P-TMSI) 

· <PLMN><LAC><NRI> sent on RRC-layer to eNodeB

· No match of LAC in eNodeB ( random selection of MME

· Even if valid GUTI exists in the UE a new MME is selected

Solution Summary

1) Do nothing, i.e. keep MSBit in LAC and MME Group ID as an indicator of mapped or not mapped GUMMEI

· Short term (which does not impact the UE and therefore applicable to Rel-8/9) and potentially long term

· PROS

· No changes to rel-8/9/10 standards or deployed CN nodes and UEs

· CONS

· Needs reconfiguration of LAC values in deployed networks using full 16-bit value.

· Requires proprietary (interim) solutions for using LAC values with MSBit=1 in networks that cannot be reconfigured prior to LTE deployment, and causes additional signalling in those networks. 

· Does not solve the problem of the need for a LAC range wider than 15 bits.

· Does not solve problem B

2) Explicit indication from the UE of mapped vs native GUTI. 
One solution can be to set “Type of Identity” to “111” to indicate mapped GUTI in the TAU request.   
· Long term (which impact the UE and therefore applicable from Rel-10 onwards)

· PROS
· Removes the need for reserving MSBit in LAC value and the full 16-bit value can be used for MME Group ID and LAC values. But the MME Group ID and LAC shall be disjoint to avoid changes in Gn SGSN. Solves problem of the need for a LAC range wider than 15 bits.  
· Explicit indication of mapped or native GUTI
· Solves problem A2 for updated UEs
· No Coexistence with deployed MMEs that comply with MSB=0/1 rule

· CONS
· Updates needed in UE to set “Type of Identity” or other explicit indication on NAS level.
· Update needed in deployed MMEs using “Type of Identity” or other explicit indication of mapped or native GUTI.

· A second solution is needed in the MMEs for UEs that don’t have the updated behaviour (UEs of earlier releases).
· Specification update for S4 SGSN to clarify the use of DNS look-up procedure. If same DNS look-up solution is used in S4 SGSN as in Gn SGSN no indication of mapped or not mapped P-TMSI is needed in the S4 SGSN. 
· If comparable DNS look-up is use in S4 SGSN as in MME an explicit indication of mapped or non mapped P-TMSI needs to be added to the RAU request.
· Does not solve Problem A1 and B
3) Use “GPRS ciphering key sequence number” in the TAU Request to indicate to indicate mapped or non mapped GUTI
· Short term (which does not impact the UE and therefore applicable to Rel-8/9) and potentially long term

· PROS
· No protocol changes needed
· Removes the need for reserving MSBit in LAC value and the full 16-bit value can be used for MME Group ID and LAC values. But the MME Group ID and LAC shall be disjoint to avoid changes in Gn SGSN. Solves problem of the need for a LAC range wider than 15 bits.
· No UE impact (needs to be clarified that “GPRS ciphering key sequence number” is not sent in intra TAU procedure)  

· Solves problem A2
· Coexistence with deployed MMEs that comply with MSB=0/1 rule…
· CONS
· Update needed in deployed MMEs using “GPRS ciphering key sequence number” as indication of mapped or native GUTI..

· Specification update for S4 SGSN to clarify the use of DNS look-up procedure. If same DNS look-up solution is used in S4 SGSN as in Gn SGSN no indication of mapped or not mapped P-TMSI is needed in the S4 SGSN. 
· If comparable DNS look-up is use in S4 SGSN as in MME an indication of mapped or non mapped P-TMSI needs to be added to the RAU request (further investigation needed if any existing IE can be used) 
· Does not solve Problem A1 and B
4) If native GUTI exists in UE the valid GUTI is sent to eNodeB on RRC-level. 
If both native GUTI and native P-TMSI exists in a UE moving from 2G/3G to LTE the native GUMMEI is sent to eNodeB instead of a mapped GUMMEI as stated in the existing rel-8 standard. As no mapped GUMMEI is sent to eNodeB from the UE no configuration of LAC values in eNodeB is needed.  

· Long term (which impact the UE and therefore applicable from Rel-10 onwards)

· PROS

· Solves problem A1 and B for updated UEs
· No update needed in eNodeB

· CONS

· Does not solve problem A2

· Updates needed in UE
· For not combined SGSN and MME this solution reduces the number of load balancing opportunities. The terminal always get back to previous selected node in respectively system, which means that you cannot perform load balancing each time moving between 2G/3G and LTE (at least direction 2G/3G -> LTE)
· Additional signalling  due to selection of new combined/associated SGSN when UE goes back from E-UTRAN to 2G/3G, use case example:

· UE attached to 2G/3G without native GUTI.

· UE makes a TAU to LTE and as not previously been in LTE an arbitrary MME is selected.

· UE makes a RAU back to 2G/3G which will result in an SGSN relocation, if the new GUTI allocated by the MME is combined/associated with another SGSN than the initial SGSN. This SGSN relocation will give the extra signalling (RAU procedure), but from now on the SGSN/MME are “synchronized” if the network is configured with combined/associated SGSN/MME.  
· A second solution is needed in the eNBs for UEs that don’t have the updated behaviour and signal a mapped GUMMEI (UEs of earlier releases)
5) Two DNS look-ups e.g. if first MME look-up fails a second SGSN look-up is done
· Short term (which does not impact the UE and therefore applicable to Rel-8/9) and potentially long term

· PROS
· Works both for networks supporting MSBit rule as in rel-8 standard and legacy networks using MSBit=1 in LAC. 

· Solves problem of the need for a LAC range wider than 15 bits if MSBit rule is not used

· Solves problem A2
· Coexistence with deployed MMEs that comply with MSB=0/1 rule...
· CONS
· Additional network load and time delays if additional DNS look-up is needed
· In case the first assumption of mapped or native GUTI is wrong it can be questioned if the final result would not be three DNS look-ups. First DNS look-up to DNS cache in MME (look-up of old MME) which fails, resulting in a second DNS look-up to external DNS server (look-up of old MME) which also fails. Third DNS look-up is changed and makes a DNS look-up for an old SGSN which is successful.
· Update needed in deployed MMEsif a second DNS look-up shall be done trying a mapped GUTI (old SGSN) instead of first DNS look-up which assumed native GUTI (old MME).
· Does not solve problem A1 and B

6) Void 


7) Increased LAC range by reserving the range from 0 to N for LACs (e.g. by configuring the number of significant bits) and the rest for MME Group IDs. N is configured to the same value in all nodes of a deployment scenario that allows for seamless mobility, e.g. in all nodes of a national roaming scenario that is configured for mobility with context transfers between involved national PLMNs. It is assumed that the range reserved for LACs is considerably larger than the range for MME group IDs.

· short term (which does not impact the UE and therefore applicable to Rel-8/9) and potentially long term

· PROS

· Solves problem of the need for a LAC range wider than 15 bits.
· Resolves problem A1 and A2 as defined split of the code space is used to know whether old node is SGSN or MME.

· No UE impact  

· Deployed networks may continue to use the MSB split.

· Any new network entity or updates for a deployed network that adds support of the configurable split is configured to the MSB split.
· New network deployments may reserve less LAC code space for MME group IDs
· With configuring the split also in eNodeBs the NNSF can differentiate between GUMMEI and NRI routing. For routing of mapped GUTIs only NRIs are configured and no LACs which reduces configuration efforts and data drastically and solves problem B. The configured split avoids any need for coordination between NRIs and MMEcodes and thereby potential new value space issues.

· CONS

· Updates needed in deployed MMEs  and eNodeBs to look at “six MSBits” in the “seamless mobility zone” when changing a deployed network configuration by starting to cooperate with a PLMN that does not comply with the existing MSBit rule.
· Already configured LAC values falling into the range reserved for MME Group IDs still need to be reconfigured, the amount may however reduce a lot when reserving only a small part for MME Group IDs.
· .
· while because of the Gn SGSN a certain amount of LAC values needs to be reserved anyhow, this solution does not allow for an arbitrary split but requires reserving a continuous range of values for easy configuration

· The NNSF of the ENBs needs to be updated when the network configuration changes to use the optimisation for solving problem B

8) No LAC values configured in eNB.
MME(s) send only native GUMMEIs to eNB as served GUMMEIs. 
By "configuration means" (O&M or signaled from MME), eNB knows if combined SGSN/MME exists or not. If combined SGSN/MME is supported and <MME Group ID> does not match, then eNB try match only last 8 bit's of GUMMEI (i.e. MMEC or NRI).

· short term (which does not impact the UE and therefore applicable to Rel-8/9) and potentially long term

· PROS

· Solves problem A1 because eNB does not need know whether UE send native or mapped GUMMEI.

· Solves B, because eNB has no LAC configuration. 

· Simplify eNB NAS node selection function.

· Simplifies configuration and coordination between RATs

·  No UE impact.

· CONS

· eNB NAS node selection function need modification.

· Specifications need be clarified and eNB LAC configuration related parts should be removed.

· Limits configuration in large networks because NRI and MMEC values need be unique within overlapping pools and neighbour pools where combined SGSN/MME exist. Effectively this means in such area only one <MME Group ID> can be in use.

· Does not solve problem A2.

9) Use IE “Additional GUTI” in the MME and “Additional P-TMSI/RAI” in the S4-SGSN (the Gn/Gp SGSN ignores this parameter) in order to indicate if old GUTI / old P-TMSI/RAI are mapped. In this case, the CN node not only knows that the old GUTI / old P-TMSI/RAI is mapped, it also 

· Long term (which impact the UE and therefore applicable from Rel-10 onwards)

· PROS
· Use of existing IE in both TAU and RAU Request 

· be used for MME Group ID and LAC values. But the MME Group ID and LAC shall be disjoint to avoid changes in Gn SGSN. Solves problem with increased LAC range.

· Solves problem A2

· CONS
· GERAN/UTRAN) to GERAN/UTRAN (or E-UTRAN) without native P-TMSI/RAI respective native GUTI. In this case the UE need to send the additional GUTI or P-TMSI/RAI IE with a special/empty value (avoid to introduce new restrictions to value ranges) 

· Update needed in deployed MMEs and S4 SGSNs to handle the indication based on additional GUTI or P-TMSI/RAI.

· Does not solve problem A1 and B

10) Void 

Evaluation Matrix
	Requirements
	Solutions

	
	
	MME selection of old CN node
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Status

Operators complying with pre rel-8 standard do not like reconfiguration of their legacy networks to adapt to the MSBit rule introduce in rel-8. Some of these operators with large 2G/3G networks whose LAC value range exceeds 32k requests a solution with an extended LAC value range.

Operators with networks complying with the in rel-8 introduced MSBit rule do not like reconfiguration or updating their deployed networks.

Consensus must be met to resolve the above conflict.
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