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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. 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. After the RAN2#99bis meeting, RAN WG2 made a decision that several ways to configure the RAN paging area could be supported. In addition, during the RAN#101 meeting a number of further agreements were made:
Agreements

1: 
For cell lists approach, RNA contains cells that belong to the same PLMN

2: 
maximum number of cells in RAN notification area is 32;

3:
NR Cell Identity (36 bits) are used as cell id for cell list approach; 

4: 
maximum RAN Area IDs configured in one RNA is [32]

5: 
RANAC size should [6]bits. (send LS to RAN3)

6: 
For one cell, only 1 RANAC can be broadcasted. A single RANAC is common for all PLMNs sharing the RAN.

7
RANAC is optional field in SIB1. 

8
maximum 16 TAIs can be configured in one RAN notification area; 

9
ASN.1 is agreed as a baseline.

10
RNA is mandatory configured for the inactive UEs for Rel-15; (May be re-discussed after the discussion of the interaction between RANU and TAU)

In this discussion paper we present further technical details RAN paging area configuration option elaborating on the preferred RAN area code size and how many RAN area codes can be signalled to the UE.
2
NR RAN notification area
2.1
General overview

Referring to the RAN2 agreements already captured in TR 38.300, 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 area.
There are the following major options on how the RAN notification are can be configured at the UE: 
-
a single cell;

-
explicit list of cells;

-
RAN/TA area.
RAN WG2 already discussed and made a number of agreements concerning further configuration details of each of the aforementioned options, but there are several remaining open issues for the RAN area. 

2.2
RAN/TA area 
The RAN 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 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. As discussed during previous meetings, the TA area is dimensioned for IDLE mode mobility, while RAN area can be of a smaller size catering for a good signaling and the paging load tradeoff for the RRC_INACTIVE UEs. 
Figure 2 below illustrates this concept, in which there can be a large TA area embracing all gNBs and two smaller RAN areas with gNB#1-2 and gNB#3-7 respectively. While sending a UE to the RRC_INACTIVE state, the network can signal either RAN area#2 (i.e. the one comprising gNB#3-7) or even a combination of RAN area#1 and area#2. 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. 
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Figure 2: RAN paging area (based on the RAN area code). 

At this point 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. As UMTS cell can broadcast up to 8 URA ID values, this solution already allows an operator to define a set of hierarchical URA areas. 
Observation 1a:
In UMTS, the URA_ID is 2 bytes allowing for up to 65,536 URA areas; and this ID is orthogonal to the tracking area ID.
Observation 1b:
As up to 8 URA_IDs can be signaled in the system information, the overall overhead can be 16 bytes.

In NR, we took an approach that RAN notification area is always a subset of a particular tracking area. In other words, RAN area is uniquely identified by the TA area code and the RAN area code. As the outcome, RAN notification area cannot span TA area boundaries. Yet another difference when compared to UMTS is that only one RANAC code is broadcast in the system information.

Observation 2a:
In NR, RAN notification area cannot span TA boundaries and is uniquely identified by the TA area code and RAN area code.

Observation 2b:
Only one RAN area code is broadcast in the system information.

As noted above, if we assume that the RAN area is always subset of the TA area, then in principle we do not need a large identifier; at least not as larger as in the UMTS. At the same time, an operator should have a flexibility in deciding how many RAN areas it wants to build, so limiting the RAN area code size to 6bits (as has been preliminary agreed by RAN WG2) limits the total number of RAN areas to 64. As noted earlier, there is only one RANAC broadcast in the NR system information, so 8bits for RANAC will add only marginal overhead, but it will allow for much better flexibility. It is worth noting that RAN WG3 also recommends using 8bit RAN area code [3].
Observation 3a:
Since only one RANAC is broadcast in the system information, 8bit RANAC adds a very marginal overhead when compared to 6bits, but it allows for much better flexibility (as also concluded by RAN WG3). 

Even though only one RANAC is broadcast in the system information, a UE can be configured with more than one RAN paging area codes that builds a "virtual" area comprising several RAN areas. In UMTS, up to 8 individual URA areas can be combined into one, but this limit comes from the fact each area is identified by 2 byte ID and all the IDs are broadcast in the system information. Since the NR RANAC is of much smaller size and all the IDs are provided to the UE in the dedicated signaling, there should be no problem in assigning up to 16 or even 32 RANACs.  
Observation 3b:
As all the RAN area codes are signaled to the UE with a dedicated message, the resulting overhead is quite low even if up to 16 or 32 RAN area codes are provided.

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 (with the corresponding changes for ASN.1 presented in [4]).
Proposal 1:
RAN area code is 8 bits (which allows defining up to 255 RAN areas within a tracking area).

Proposal 2:
A UE can be configured with a list of RAN paging area codes, at least 32. 
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