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1
Introduction
One of the FFSs from RAN 2 meeting #94 is to “Analyze the whether the RRC_INACTIVE can be transparent to Core” [1] This question arises from the questions on how the location of the UE is tracked and the UE is paged in the RRC_INACTIVE.  In fact, the former question is captured as an FFS in the last RAN 2 meeting, that is, “FFS: How CN location updates and RAN updates interact, if needed”. How the location of the UE is tracked in turn affects how the UE is paged. In this contribution, we explain our view on these interconnected questions.

2
UE location tracking and paging in RRC_INACTIVE
2.1
RAN controlled location tracking and initiated paging

In the RAN 2 meeting #94, it was agreed that “the connection between RAN and Core should be maintained in the RRC_INACTIVE. Based on this agreement, one natural option is allow for the RAN to control the UE location tracking and paging in the RRC_INACTIVE which can be done by the gNB that stores the UE context and terminates the NG connection for the UE (which will be referred as ‘anchor gNB’). 

For RAN controlled location tracking, the RAN needs to be partitioned into group of gNBs and cells which might be called RAN tracking areas (RTA). This can be viewed as an equivalent of tracking areas (TA) that are used to track the location of an RRC IDLE. Similar to TA, the operator needs to configure RTAs across the whole network and every cell has to broadcast its RTA ID. The anchor gNB provides the UE with the list of RTA IDs that the UE may move without updating its location. If the UE moves out of its list of RTA IDs, it sends a location update to the RAN which may trigger an anchor gNB relocation. 

On the other hand, when the anchort gNB receives an MT data, it triggers paging to reach the UE, see Figure 1. The UE is paged through all the cells in its list of RTA IDs. In case the list of RTA IDs of the UE includes multiple gNBs, a horizontal Paging over NG4 (inter-gNBs) is necessary. This requires anchor gNB to maintain the NG4 relationship with all gNBs of any RTA which it has given to the UEs. In addition, the anchor gNB needs to buffer and forward the UE MT data until the anchor gNB is relocated. Upon receiving the paging message, the UE responds to the paging and is ready to receive downlink user plane or control plane data with existing RRC configuration.
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Figure 1: Potential RAN initiated paging in the RRC_INACTIVE
2.2
Hybrid CN/RAN controlled location tracking and CN initiated paging

As an alternative to the RAN controlled location tracking and initiated paging, we can have a hybrid CN/RAN controlled location tracking and CN initiated paging in a transparent manner to the UE. In this approach, the CN (NGC CP and NGC UP) needs to be aware that the UE is in the RRC_INACTIVE if the RAN decides that the paging of the UE needs to be initiated from the CN. The decision to use CN initiated paging may be made when the UE updates its location when it moves out of its list of RTA or during transition from RRC_CONNECTED to the RRC_INACTIVE. If the UE moves out of its list of RTA IDs, it sends a location update to RAN which may trigger the anchor gNB  relocation. 

When an MT data arrives, the NGC UP sends a notification message to the NGC CP. The NGC CP then sends an NG2-paging to all the gNBs in the list of RTAs of the UE, see Figure 2. The gNBs then page the UE over the air. Upon receiving the paging message, the UE proceeds with random acces procedure to respond to the paging. If the UE initiates the paging response at a gNB other than the anchor gNB, the gNB that received the UE paging response may request the NGC UP to forward the UE MT data. The NGC-UP forwards the UE MT data to the gNB that received the UE paging response. This way, data buffering and forwarding is not required by the old anchor gNB.

It is worthwhile to note that whether the paging is initiated from the RAN or the CN is transparent to the UE if the UE ID included in the paging is the same in both cases and the UE responds to the paging message in the same way in both cases.
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Figure 2: Potential CN initiated paging in the RRC_INACTIVE
2.3
Performance comparison of both approaches

We compare the performance of both the above approaches using signalling overhead and latency. Let M and N denotes the number of cells and gNBs per UE’s list of RTAs, respectively. The paging load in the RAN initiated paging is M messages (over radio) + (N-1) messages (over NG4). It is M messages (over radio) + (N+3) messages (over NG2) + 3 message (over NG6) in the CN initiated paging where we added also the two NG2 and two NG6 messages that are required to make the NGC CP and NGC UP be aware that the UE is in the RRC_INACTIVE. The extra one NG2 and one NG6  messages are the data notification message sent from NGC UP to NGC CP and the MT packet forwarding request message sent from gNB that receives the UE paging response to NGC UP, respectively. Thus, if M = 1 and N = 1, i.e. the paging area is restricted to a single cell, the paging load in the RAN initiated paging is 87.5% less than the paging load in the CN initiated paging (1 message vs 8 messages). However, if let say M = 3*19 and N = 19, the percentage of paging signalling reduction is only 8.5 % (75 vs 82 messages). This indicates, the paging load reduction in the RAN initiated paging is only significant when the paging area is small. 

The RAN initiated paging also requires data buffering in the anchor gNB and data forwarding across NG4 interface during MT transaction and when the paging is responded to a gNB other than the anchor gNB. This would be a significant drawback if the UE is moving in a network with restricted NG4 interfaces with star topology in transport network.

On the other hand, the RAN initiated paging has lower latency than the NGC CP initiated paging. Here, we are referring to the time interval between the arrival of the first MT packet in the NGC UP until it is received by the UE. It should be noted, however, the delay due to DRX might rather be a significant component of such latency. Thus, the additional delay due to the use of CN initiated paging might not be significant if the DRX of the UE is large. 

Based on the above discussions, we make the following proposals.

Proposal 1: Both the RAN initiated and the CN initiated paging should be supported in the RRC_INACTIVE. This should be done in a transparent manner to the UE. 

Proposal 2: Both the RAN controlled and hybrid CN/RAN controlled location tracking should be supported in the RRC_INACTIVE. This should be done in a transparent manner to the UE.

2.4
UE identifier

One of the questions regarding UE reachability is that what UE identifier should the network use when paging the UE and the UE use when updating its location. During RAN2 #95bis meeting [2], it is agreed to “limit number of radio network identifiers”. Thus, it is crucial to reuse existing RAN and/or CN UE identifiers for identifying UE during paging. A UE in RRC_INACTIVE has at least one RAN identifier that identifies the location of UE context in the RAN (we will refer this as ‘Resume ID’ for discussion purpose). As long as the ‘Resume ID’ is unique within the tracking area of the UE, it can be considered as a candidate UE identifiers during paging. Considering the majority of UEs will be in RRC_INACTIVE and the tracking area can be defined as large as the registration area of a UE, the ‘Resume ID’ needs to have sufficient number of bits in order to be unique within the tracking area of the UE. Thus, the number of bits in ‘Resume ID’ should be close or as large as the number of bit is CN UE identifiers, e.g. S-TMSI that uniquely identifies the UE within its registration area. 

When a UE registers to CN, it is given a temporary CN identifier called GUTI or its shorter form S-TMSI (in order not to expose its permanent identifier IMSI). The S-TMSI is another candidate UE identifier that can be used during paging. As the S-TMSI is unique within the registration area of the UE, it is also unique within the RAN defined tracking area of the UE, which is a subset of the registration area of the UE.

Regardless of which UE identifier is used, the same UE identifier should be used in both RAN and CN initiated paging so that it would be transparent to the UE. For example, if the ‘Resume ID’ is used as UE identifier during paging, the RAN will provide the ‘Resume ID’ of the UE to the CN if it decided the paging needs to be initiated from the CN.  On the other, if the S-TMSI is used as UE identifier during paging, the CN provides the S-TMSI of the UE to the RAN, e.g. when UE attaches to the network.

Proposal 3: Discuss what UE identifier to use when UE is paged and updates its location during RRC_INACTIVE. 

Proposal 4: The UE identifier should have sufficient number of bits in order to be unique within a potentially large tracking area.

Proposal 5: The same UE identity should be used regardless of whether the paging is initiated from the RAN or the CN for UE transparent paging.
3
Conclusions
In this paper we discussed paging in RRC_INACTIVE and came to following proposals:

Proposal 1: Both the RAN initiated and the CN initiated paging should be support in the RRC_INACTIVE. This should be done in a transparent manner to the UE. 

Proposal 2: Both the RAN controlled and hybrid CN/RAN controlled location tracking should be supported in the RRC_INACTIVE. This should be done in a transparent manner to the UE.

Proposal 3: Discuss what UE identifier to use when UE is paged and updates its location during RRC_INACTIVE. 

Proposal 4: The UE identifier should have sufficient number of bits in order to be uniques within a potentially large tracking area.

Porposal 5: The same UE identity should be used regardless of whether the paging is initiated from the RAN or the CN for UE transparent paging.
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