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1
Introduction
Currently 3GPP TS 23.251 [1] states the following (important part highlighted in red):
<<<<<<<<<<<<<< Beginning of quotation from [1] >>>>>>>>>>>>>>
4.2.2
Broadcast system information for network sharing

Each cell in shared radio access network shall in the broadcast system information include information concerning available core network operators in the shared network. The available core network operators shall be the same for all cells of a Location Area in a shared UTRAN or GERAN network. The available core network operators shall be the same for all cells of a Tracking Area in a shared E‑UTRAN network. A supporting UE decodes the broadcast system information and takes the information concerning available core network operators into account in network and cell (re-)selection procedures. Broadcast system information is specified in TS 44.018 [16] for GERAN, TS 25.331 [3] for UTRAN and TS 36.331 [11] for E‑UTRAN.

For GERAN, as only non supporting UEs are considered, the information concerning available core network operators are never broadcast.

<<<<<<<<<<<<<<<< End of quotation from [1] >>>>>>>>>>>>>>>>
Now, the main question is “What happens, if in a shared network scenario (MOCN), an S1 link to one of the sharing partners fails?”
According to the stage 2 text above, all cells within a Tracking Area would need to cease broadcasting the respective PLMN ID.
This paper tries to analyze the background of the stage 2 requirement and proposes a way forward.
2
Discussion
Let us try to put a concrete scenario into a drawing. We can assume the following:
-
Three eNBs are present (eNB-1, eNB-2 and eNB-3), all of them connected to two MMEs (MME-1 and MME-2);
-
Each MME belongs to a single operator only;
-
Each cell in each eNB broadcasts PLMN ID1 and PLMN ID2;

-
All cells of the eNBs belongs to the same Tracking Area (TAC1).
The S1-MME link failure occurs between eNB-3 and MME-2.
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Figure 1: S1-MME link failure in a MOCN scenario (two PLMNs).
The following issues can be observed if we consider a UE trying to setup an RRC connection:

Issue 1) If the UE is not provided with a reasonable “waitTime” within RRCConnectionReject, the UE’s reattempts may generate quite an amount of traffic.

Issue 2) Once the UE traffic is handled by the assignment of a proper “waitTime”, the UE will stay in the cell – with no hope of receiving any service as long as the S1-link failure persists.
Issue 2 is solvable by removing PLMN ID2 from the broadcast, causing the UE to re-select to another cell/RAT where provision of service is indicated (it also reduces the RRC setup / rejection traffic at the eNB).
Coming back to the general requirement in 23.251 [1]: according to this, all eNBs broadcasting TAC1 would have to remove PLMN ID2 from their broadcast, disabling service in the whole Tracking Area for PLMN2. Such a situation is for sure not acceptable for operators. But what are the implications if instead a single eNB removes PLMN2 ?
2.1
Consequences if a certain PLMN ID is removed from the broadcast list of a single eNB
A possible scenario consists in:
· eNB-3 is broadcasting only PLMN ID1, i.e. after S1-MME link failure between eNB-3 and MME-2 PLMN ID2 is removed from the broadcast;
· UEy and UEz currently camping on cells controlled by eNB-2 broadcasting both PLMN ID1 and PLMN ID2.
· UEy: subscription from PLMN2, no service from PLMN1-only cells (i.e. if UEy tries to camp on PLMN1-only cells it will receive a reject with cause #11 "PLMN not allowed" so that UEy added PLMN1 to its forbidden PLMN list.).
· UEz: subscription from PLMNz (e.g. a foreign roamer), may receive service from cells broadcasting PLMN ID1 or PLMN ID2 (i.e. PLMNz has roaming agreements with PLMN1 and PLMN2).
Let us assume the following mobility cases and let us see what could happen:
1) UEy currently camps on an eNB2-cell and is registered in (PLMN ID2 & TAC1) only.

a. In idle mode, UEy moves towards eNB-3 and would detect a cell from eNB-3, read broadcast information and cannot find (PLMN ID2&TAC1).

b. UEy may already have PLMN ID1 in its “forbidden PLMN list”. If not, it may receive it a the attempt to get service from PLMN1.
Once it recognises PLMN ID1 as aforbidden PLMN, it will try to camp on another cell.
Therefore, under these assumptions: ( OK behaviour.
2) UEz currently camps on an eNB2-cell and is registered in (PLMN ID2 & TAC1) only.

a. UEz moves towards eNB-3. 
Most likely PLMN2 would like to keep UEz as long as possible in its own network, i.e. the provided TAI list contains only TACs with PLMN2.

b. As PLMN1 and PLMN2 are not equivalent, UEz will try to stay on its registered PLMN = PLMN2 as long as possible, i.e. it will not reselect to the cell broadcasting only PLMN1, unless this is the only remaining cell. Then the UEz will perform a PLMN selection – with the outcome that PLMN1 is selected.
c. UEz would trigger a TAU (new TAI = TAC1 with different PLMN ID).

d. Since UEz is not registered, it would not provide the lower layers with S-TMSI but with the MME-Id.

e. eNB-3 would load-balance (as MME-2 is not available) to MME-1 (pool).
Therefore, under these assumptions: ( OK behaviour.
3) UEy currently receives service from PLMN2 via an eNB2-cell and is registered in (PLMN ID2 & TAC1) only.

a. UEy moves in active mode towards eNB-3 and would report a suitable cell from eNB-3. 

b. If the X2 HO is allowed, this would end up in eNB-3 attempting a Path Switch towards MME-2, which is not possible, as the line is broken.
In order to avoid this situation, eNB-2 would need to be informed by eNB-3 that for PLMN2 the eNB-3 cells are not available.

Therefore, under these assumptions: ( OK behaviour.
4) As in 3) with UEz.

a. UEz moves in active mode towards eNB-3 and reports a eNB-3 cell. 
b. same problem as in 3). It is not possible to move the UE in active mode from MME-2 to MME-1, an alternative target needs to be chosen or the call released.
  Therefore, under these assumptions: ( OK behaviour.
2.2
Further considerations
As shown in the previous Section, the handling of scenarios 1) to 4) seems to work. However, these are not the only possible considerations.

Effectively, the single shared Tracking Area – recall the definition of a shared TA along the quotation from TS 23.251 – is in practice split into two areas in terms of PLMN support. In cells from eNB-3 it is broadcasted a TAI different than the one broadcasted by cells from eNB-1 and eNB-2.

As an example we can consider the following case:

a)
the UE is allowed to roam in PLMN1 and PLMN2, and according to the operator preferred PLMN list, PLMN2 has a higher priority:
b)
UE starts in eNB-2 cell and selects PLMN2 (= highest priority PLMN).
c)
UE moves to eNB-3 cell and loses coverage of PLMN2.
d)
UE performs PLMN selection, selects PLMN1 and performs TAU (successful).
e)
UE moves back to eNB-2 or to eNB-1. UE first remains on PLMN1, as this is the registered PLMN. But then, typically after 6 or 12 min, the UE performs background scan for higher priority PLMNs, finds PLMN2, reselects to PLMN2 and performs TAU (successful).
f)
back to c) etc. 
This means that, around the borders of the service area of eNB-3 where UEs can move back and forth between eNB-3 and other eNBs, you will see an increase in the TAU rate. In addition there would of course have been some TAUs (from idle mode UEs) at the time that PLMN2 stopped being broadcast in eNB3. 
The question is still “What is worse: (a) having some UEs performing more TAUs than normal; or (b) all UEs in the TA performing a TAU in order to move to PLMN1 (and being without service if PLMN1 is forbidden) ?”
3
Conclusion and Proposal
In this discussion paper we described what are the impacts to UE and network behaviours when, in a shared Tracking Area, one of the S1 link is broken. 

According to Section 4.2.2 of [1], all the cells of a given Tracking Area need to broadcast the same list of PLMN IDs. 
Therefore, in case of shared Tracking Area, if a given S1 link is broken, the PLMN ID associated to that S1 link should be removed from the PLMN ID list broadcasted by all cells of the Tracking Area. This, however, would imply a lack of service related to that particular PLMN ID over the whole Tracking Area. 
On the contrary, allowing to remove that particular PLMN ID from the PLMN ID list of those cells under the eNB connected to the broken S1 link only would limit the lack of service of a given operator to a smaller set of cells. However, this would require UEs to execute more frequent Tracking Area Updates.
Proposal 1: Discuss the above mentioned issue and, if needed, contact RAN2, CT1 and SA2 in order to request comments and finally suggest a re-wording for the restriction in TS 23.251 [1].
4
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