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1.
Introduction

In current version of 23.501, it is indicated that SNPNs (Stand-alone Non-Public Networks) can have Non-unique PLMN IDs like those reserved for private network e.g these SNPNs can use MCC = 999. This paper examines whether using just one MCC for all SNPNs regardless of country or location of SNPNs in border areas of neighbouring areas is a good thing and does works well.
2.
Discussion

2.1
Analysis
PLMN ID consist of a MCC plus a MNC (MCC + MNC). Since GSM, the PLMNID, given that every country has its own MCC (some countries have even more than one MCC, like with USA, India), the combination of MCC + MNC is globally unique.
Such uniqueness is necessary, in particular for mobile PLMN selection, cell selection and camping purposes. This is especially so where around geographical physical border areas of neighboring countries where overlapping radio coverage of different PLMNs of different countries exist. 
So now, if one single MCC (= 999) is used for SNPNs, inadvertent camping onto cells of different SNPNs and mistakenly viewing SNPNs of another country as that in one’s HPLMN, will occur in border areas, especially if the SNPNs in neighboring countries use the same frequencies. Figure A gives an illustration of how overlapping coverage could happen amongst SNPNs close to borders of three different countries.
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Figure A
It can be argued that even though MCC = 999 is the same for all these SNPNs X, Y, Z (of Figure A), they could be different PLMN ID as their MNC can be different. Yes that can be an argument, but it is acknowledged that the allocation of the MNC is not internationally coordinated, and might even be not nationally co-ordinated.

There may even be arguments that as SNPNs will have assigned NIDs, a degree of differentiation is achieved in such border regions. Here again, the weakness of this argument is that NID assignment are unlikely to be internationally co-ordinated, might not even be nationally co-ordinated. Besides, the structure and format of NID is still tbd.
Consider an example of SNPN_A with PLMN ID = 999 + 123. And there is SNPN_B with PLMN ID 999+456. Whilst SNPN_A and SNPN_B are SNPNs in the same country (e.g country X), a mobile whose HPLMN is 999+123 is unlikely to camp onto the wrong HPLMN. But if country Y has a SNPN_C and SNPN_C has PLMN ID 999 + 456, immediately one can see the problem that will exist for the mobile's cell selection/reselection and camping procedures. 
Admittedly, if SNPN_B and SNPN_C are hundreds of kilometers apart, those cell selection/reselection and camping issues can be avoided. But reliance on SNPNs of same PLMN IDs being coincidentally far enough apart is hardly an engineering solution.

Note: The problems discussed above that comes with using one MCC, does not extend to CAG feature. CAG feature is deployed within Public network integrated NPN and there the rules on MCC allocation avoids the problems discussed above.
2.2
Solutions and proposals
We consider that the simplest solution to overcome possible issues with selection/reselection around border regions is to allocate a range or a number of MCCs for SNPN use. 
The range or number of MCCs need not be huge but should be enough to allow distinction between SNPNs in border areas, in such a way that no two bordering countries have the same MCC. So while the MCC is reused for other countries, the care that is needed is that bordering countries do not use the same MCC. This is much like the principle of giving different colours to individual countries on a world map such that no two neighboring countries have the same colour. And with that world map comparison, a matter of 4 different MCCs would suffice. And naturally, with taking the approach that bordering countries should have different MCC, some kind of international organization or forum will need to manage such assignment.  We do not see this as any more of a problem than at present where allocation of MCC are internationally governed.
· Proposal 1:
Instead of just one MCC = 999 reserved for SNPN use, a range of or a number of MCCs are reserved instead.
In fact, from the on start in GSM, a way of distinguishing cells of a PLMN of one country as different from cells of another neighboring countries, is by the use of Colour Codes within the BSIC (base station identity code). Two colour codes are used, namely the Network Colour Code (NCC) and the Base Station Colour Code (BCC), see 3GPP TS 23.003. With this differentiation in the BSIC, mobiles in border regions can avoid inadvertently camping on cells in a different country, should those cells be on same frequencies or likely to use some range of frequency spectrum. 3GPP TS 23.003, Annex A.3 gives an example on use of Network Colour Codes for countries in Europe and as you can see 4 different “colours” is considered to be sufficient. 

In our view, such a colour coding solution can also be applied to the problem we have here with SNPN in border regions of neighboring countries. Whether such a colour coding solution should be applied using a NCC (as in GSM) or be part of NIDs or some other network or cell or radio network identifier can be decided together with RAN WGs.
· Proposal 2:
A form of radio network identity code based on colour coding is introduced to distinguish cells of SNPNs of one country from SPNS cells of a neighboring country.

3.
Conclusion
We conclude that using just one MCC for PLMN ID of SNPN will not work properly and even bring about problems. Considering the discussion above we suggest to adopt Proposal 1 and introduce a range of MCC or some number of MCCs for deployment and use of SNPNs. A proposed CR to 23.501 in S2-1903208 has been submitted for further consideration of our proposal 1.
