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1
Introduction

After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. One of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. During the SI phase several proponents brought discussion papers sharing their view on design and principles for a potential new state and its characteristics. After the RAN2#94 meeting, RAN WG2 made an agreement to introduce a new "RAN controlled" state that is characterized by at least "UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state". 

A new RRC INACTIVE state functionality is tightly coupled to the concept of the RAN paging area, functionality of which is similar to the UMTS URA area. In other words, a UE with the valid AS context can move within the area comprising several cells without sending any notifications to the network. However, RAN WG2 did not conclude on how the RAN paging area can be defined and just captured several potential options in the final TR 38.804 document [2]. 
In this discussion paper we present our further view on possible options to define RAN paging area, pointing out drawbacks and advantages, as well as related challenges.
2
NR RAN paging area
Referring to the RAN2 agreements captured in TR 38.804, the RAN paging area is characterized by the following UE behavior in the INACTIVE state:

-
a notification area can cover a single or multiple cells, and can be smaller than CN area;

-
a UE does not send any "location update" indication when it stays within the boundaries of the notification area;

-
leaving the area, a UE updates its location to the network..
Figure 1 below shows an exemplary RAN notification area that comprises cells #1-5. As long as a UE stays within that area, a UE does not send any notification. If it moves to e.g. cell #6, then the corresponding notification will be sent. 
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Figure 1: An example of RAN notification/tracking area.
Referring to contributions from other proponents, the following major options were identified during the SI phase:
-
a single cell;

-
explicit list of cells;

-
RAN paging area;
-
TA/CN tracking area.

However, RAN WG2 has not reached the final conclusion on how the RAN paging area can be defined and configured to a particular UE. Nevertheless, the scope was narrowed down to two major options – explicit list of cells and RAN paging area – because other options can be implemented by relying upon those mechanisms [2]. 

2.1
Single cell

As follows from its name, this option assumes that a UE has a paging area that comprises just one cell, which is the last serving cell when a UE was in the CONNECTED state, i.e. it is the same cell through which a UE received the re-configuration message to move to INACTIVE. Logically, this behavior is identical to the UMTS CELL_PCH state. Referring to our simulation results in [3], this solution provides the best performance for those UEs that have periodic data transmission with relatively low mobility speeds. On the contrary to it, high speed UEs with very low activity will suffer from constant RAN area update messages if the RAN area is just one cell.
As already noted earlier, this option can be viewed as a specific configuration of solutions presented in section 2.2 and 2.3. In other words, it can be construed as a list of cells having just one entry, or it can be accomplished through the RAN area ID broadcast in the system information (whereupon each cell has its own area ID). 
2.2
Explicit list of cells 

A solution with the explicit list of cells was instantiated during the Rel-14 LTE Light Connection discussions observing the fact that a particular eNB usually has X2 connections only to its neighbors. From this perspective it is more than natural that the eNB provides a list comprising its neighbor cells thus building a virtual RAN paging area with the anchor eNB in the center. The same solution can be applied also to the NR system, and it is anticipated that it will provide benefits for almost stationary and slow moving UEs, data transmission frequency of which is much higher than frequency of cell re-selection events. Figure 2 illustrates this approach when eNB#3 sends a UE to INACTIVE signaling an explicit list of cells/eNBs with ID#1-5. 
It should be noted that with the explicit list of cells is that we cannot assume that this list will be of a large size. Furthermore, regardless of the maximum list size, e.g. 32 or 64 cells or even 128 cells as preliminary agreed for LTE Light Connection, it will be always a finite size meaning that an operator will be always limited by how many cells there can be in one RAN paging area. Furthermore, since this solution will have a finite number of cells defining a paging area, it is anticipated that paging area size will be smaller, and as a result a UE moving across those small areas will create larger signaling associated with the location update procedure, which is not the case for a large RAN area defined through a single ID broadcast in the system.
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Figure 2: RAN paging area (based on the explicit list).

Finally, it is worth noting that applicability and attractiveness of this solution based on the list of cells also depends on the final NR architecture. If we assume CU/DU split with a large number of cells/DUs under the control of the same CU, then it alleviates a lot a burden of the UE context fetch procedure because the UE context will reside inside CU and no UE context fetch procedure is needed whenever a UE enters a new cells or even a new RAN paging area under the same CU. In other words, there will be no motivation to use an explicit list of cells as a solution to avoid and/or reduce UE context fetch over S1.
2.3
RAN paging area 
The RAN paging area concept is very close to the TA area with the only major difference is that there is a different ID broadcast in the system information, allowing an operator to build RAN paging area of a smaller size. This approach is (almost) identical to the UMTS system, in which the network broadcasts separately tracking area ID and the URA_PCH area ID. 
Figure 3 below illustrates the concept of the RAN paging area, in which there can be a large area embracing all eNBs and two smaller areas with eNB#1-2 and eNB#3-7 respectively. While sending a UE to INACTIVE, the network can signal either RAN area#3 (i.e. the one comprising eNB#3-7) or a more generic area#1 can be assigned. The network can decide on-fly which area size should be provided, which is typically governed by the UE activity level and its mobility patterns. 
It bears noting that the UMTS system is designed in such a way that each cell broadcasts one or several URA IDs, and the UE is configured with one particular URA area ID when it is moved to the URA_PCH state. The UMTS URA ID is the 16-bit value, which allows for quite a large number of areas to be defined and used in the system. Since each cell can broadcast up to 8 URA ID values, this solution already allows an operator to define a set of hierarchical URA areas (e.g. one big area #1 with sub-areas #2..4), to balance between how accurately a UE can be tracked (and the resulting paging load) versus how often a UE would send an indication upon moving from one area to another. It should be noted that we can follow an opposite approach when the system information has only one RAN area ID, but the UE can be assigned with several values.
[image: image3.emf]3

1

4

2 5

6 7


Figure 3: RAN paging area (based on the RAN area ID). 

As discussed during the LTE LightConnection WI, one of the major concerns of the RAN paging area solution is the UE context fetch procedure. The LTE has a flat architecture with no central unit maintaining the UE context. Even though there is the X2 interface connecting eNBs, it is not possible to assume that all the eNBs will be connected to each other by means of the X2 interface. As a result, if an operator builds a large RAN paging area, in which certain eNBs do not have a direct X2 connection, we would resort to using the S1 UE context fetch procedure. On the contrary to it, in UMTS the UE context resides in RNC, so as long as the RAN paging area does not cross the RNC boundaries, there is no issue with how small/large a paging area is from the viewpoint of the UE context. As a result, efficiency of RAN paging area solution for the NR system to some extent depends on the final architecture and whether we can assume presence of CU entity controlling multiple cells associated with DUs.  
 2.4
Summary and comparison of different options

Based on the considerations presented in previous sections, it is possible to end up with a set of the following key observations:

1.
As pointed out in our considerations presented in section 2.2 and 2.3, a decision to have a solution based on explicit list of cells or solution based on RAN area ID depends on RAN2 understanding of how the final NR network architecture will look like. 
2.
For NR deployments with the CU/DU split with many DU/cells aggregated under the same CU, the UE context is always in the same place and as a result it is more than natural to build RAN paging area(s) under the same CU, number and size of which will be governed by operator preferences.
3.
For NR deployments with the flat architecture as in LTE, it could be more attractive to use a cell list so that the RAN paging area comprises cells/gNB to which the serving gNB has the direct Xn connection. However, it shall be noted that this can be also achieved by means of the RAN area solution.  

4.
A solution with an explicit list of cells is expected to be beneficial for almost stationary UEs with periodic activities, for each for any reason a dynamic notification area needs to be constructed (e.g. an area around the UE in which it contacted the network last time). A solution with the RAN area ID is more suitable for larger areas, for UEs with lower activity and/or higher mobility speeds. 
3 Conclusion
In this discussion paper we have expressed our further views on how the RAN paging area can be defined for the NR system. According to our analysis, the following summary could be made.
Proposal 1a:The solution based on the RAN area ID broadcast in the system information is adopted. 
Proposal 1b:The solution based on the cell list can be considered as a complementary one.

Proposal 2:
If both solutions are agreed, it is anticipated that the network will use only one solution while configuring the RAN paging area. 
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