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[bookmark: _Toc510607461]* * * * First Change * * * * all new text
6.12.1.3	Virtual Cells Approach with Reduced Impacts
This is a variant of both the Virtual Cells approach in clause 6.12.1.1 and the Geographical Zones approach in clause 6.12.1.2 which has reduced impacts to a UE, NG-RAN and 5GCN.
Table 6.12.1.3-1 shows major features which are included or excluded. Regenerative SV mode with a non-split architecture is excluded because it would require significant 5GCN impact to manage access to moving NGSO satellites from the 5GCN
Table 6.12.1.3-1: Major Features Included versus Excluded
	Feature
	Included
	Excluded

	RAN Architecture
	Transparent SVs with fixed sNBs  e.g. as in Figures 6.12.1-1 and B.2-2 and Figures 5.1-1, 5.1-2, 5.1-3 and 5.1-4 in TR 38.821 [7].

Regenerative SVs with fixed sNB-CUs, e.g. as in Figure B.2-3 and Figures 5.2.2-1,  5.2.2-2, 5.2.2-3 and 5.2.2-4 in TR 38.821 [7]. 
	Regenerative SVs with sNBs entirely within SVs, e.g. as in Figure B.2-4 and Figures 5.2.1-1,  5.2.1-2, 5.2.1-3, 5.2.1-4 and 5.2.1-5 in TR 38.821 [7].

	Cells and TAs
	Fixed TAs and Fixed Cells as in  clause 6.12.1.1.

Mobile radio cells from a RAN perspective.
	Non-fixed TAs and radio cells from a 5GCN perspective.


 
Fixed TAs may be defined using either a regular array of rectangular based or hexagonal based grid points as described for Figures 6.12.1.1-1 and 6.12.1.1-2, where the TAs have the rectangular or hexagonal shapes thereby produced. Alternatively, fixed TAs may be defined as polygons (by providing the coordinates of the vertices) as allowed by the Geographical Zones approach in clause 6.12.1.2. The grid point approach can consume minimal data and signalling because the regularity of the arrays only requires definition of a few parameters (e.g. inter-grid point spacings and orientation), but the polygon approach is more flexible and can exactly align a TA boundary with the border of a country or some other natural or artificial boundary such as a coastline, bank of a river or perimeter of a building or campus. 
For fixed cells, only a regular array or rectangular based or hexagonal based grid points as described for Figures 6.12.1.1-1 and 6.12.1.1-2 is included due to the savings in data and signaling. While a more flexible polygon approach could be used to define fixed cells, there is no advantage because cells can also be constrained to lie within fixed TAs (which can be aligned with national borders and other lines as just described) and the additional data to define cell vertices would hugely increase complexity including processing and signalling resources needed for support. For eaxmple, if the number of TAs in a network is 100 times the number of cells, defining the TAs as polygons but not the cells could reduce data storage and signalling by almost 100 times (e.g. if a common grid point based array of cells is applied to all TAs as described below).
Definitions of fixed cells and fixed TAs are allowed to be independent of one another. A consequence is that a fixed cell may not wholly lie inside just one fixed TA but may overlap with two or more TAs. This independence can make definition much simpler. For example, if a fixed TA is defined as an irregular polygon, attempting to define a large number of cells that must all be wholly included within the TA could be extremely complex. But if cells are defined separately from TAs, the complexity disappears. Although this means that some cells will not be part of just one TA, this may not matter since global cell IDs do not contain a TAI and are thus not required to identify a unique TA. Instead, cell IDs and TAIs may continue to be used for their respective purposes without mutual conflict (e.g. to support paging and mobility in the case of TAIs and regulatory services and approximate location in the case of cell IDs).
However, if it is preferred to define and identify cells which are each wholly within a single TA, the independent definition of cells and TAs just described can be slightly extended. This can be done by defining cell IDs as having two components – a  base ID corresponding to an initial definition of a “base cell” which is independent of any TAs (e.g. a rectangle or hexagon for a regular array of grid points) and a colour code which is appended to the base ID and corresponds to a TA within which a portion of the base cell is included. This is illustrated in Figure 6.12.1.3-1 for a rectangular base cell which overlaps with 3 separate TAs. The base cell is split into 3 separate cell portions which can each be assigned a unique ID using the colour codes of the TAs. These 3 cell portions are then treated as 3 separate fixed cells. In a general case, the serving cell ID for any UE would then be determined from both the base cell (e.g. the rectangular cell shown in Figure 6.12.1.3-1) and the TA (e.g. TA 1, 2 or 3 in in Figure 6.12.1.3-1) within which the UE is located. The colour codes would ensure unique cell IDs as long as no two TAs which share part of the same boundary or the same vertex have the same colour code and as long as base cells are small enough to overlap with no more than one common vertex for the TAs. If there is a further (optional) restriction that no more than 3 TAs share a common vertex (which means in general that the 3 TAs will also share part of a common boundary), then the requirement of having different colour codes becomes equivalent to colouring a map with no two adjacent countries sharing the same colour. This corresponds to the well known Four Colour Theorem which states that four colours are enough. Hence, with these restrictions, four TA colour codes (requiring just 2 bits) would be enough to generate unique cell IDs. (This is also incidentally the reason for choosing the term “colour code”.) In this case, base cell IDs (e.g. the ”cccccc” in Figure 6.12.1.3-1) can comprise 34 bits – leading to normal 36 bit cell IDs as used for 5G NR when extended with the 2 bit colour code.


Figure 6.12.1.3-1: Creation of Unique Cells and Unique Cell IDs with independent Fixed TAs and Cells
Mainly to support paging of UEs in the same way as for terrestrial NR access, each sNB (with transparent mode) or sNB-CU (with regenerative mode with split architecture) needs to have a defined and well known service area comprising one or more fixed TAs. This does not, however, preclude supporting the same TA by two or more sNBs or two or more sNB-CUs or having some variation in the current radio coverage area of an sNB due to variation in the radio beams coverage of SVs controlled by the sNB. But it does generally preclude sNBs from shifting support between different TAs at different times.
With a well defined association between fixed TAs and sNBs, a serving AMF can direct a paging request for a UE only to those sNBs supporting the current TA for the UE just as for paging of a UE from certain gNBs in the case of terrestrial NR access.
sNBs (or sNB-CUs) would also broadcast, in a SIB for each supported radio cell, the TA(s) currently supported by that radio cell. This may assist a UE in determining its current TA as well indicating to a UE whether a registration is needed for a change of TA.
The support of fixed TAs by sNBs or sNB-CUs means that at least fixed TA areas must be known by sNBs or sNB-CUs in order to determine the TA(s) supported by each radio cell and to maintain radio cell coverage within the supported TA(s) only.
A serving AMF provides a geographic definition of the fixed TAs allowed for a UE and associated fixed cells as part of Registration. This data can be pre-configured in an AMF and does not need to be interpreted or processed – making support quite simple. 
A UE with a location capability can periodically determine its current fixed TA and current fixed serving cell. The current fixed TA can be used to determine when a new registration is needed – e.g. if a UE moves outside of its allowed set of TAs. The current fixed serving cell can be used to support regulatory services as described in clause 6.12.1.1 and can also be included for mobile originating services where defined in order to provide location information to the network (e.g. 5GCN and/or RAN).
For a UE without a location capability, an sNB or sNB-CU can determine a current fixed TA and possibly a current fixed cell from the current radio cell and radio beam used by a UE. This may be enough to support UE access though regulatory services may be provided less precisely.
* * * * End of Changes * * * *
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