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1
Introduction

This document presents a text proposal to the NR TR 38.804 on signalling load analysis of RRC INACTIVE comparing to RRC IDLE.
2
Text proposal

-------------------------------------------------- TP (BEGIN) ----------------------------------------------------- 
17. Performance evaluation
Editor’s note: intended to capture the results of performance evaluations of the NR protocol design, specifically UP and CP latency evaluation.
17.x Analysis of the signalling load for the INACTIVE 
We present t
tracking area update support (H connected stsate ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffthe core network overhead which is evaluated as the number of signaling messages on S1 and X2 interface, which comes from the RRC state transition, paging and mobility support operations. The detailed assumption on the evaluated metric can be found in [x]. 
Figure 17.x.x presents the total number of messages exchanged in the core network over S1 and X2 interface for one hour for different packet arrival frequencies of 1packet/10 sec, 1packet/30 sec and 1packet/60 sec, respectively. As shown in the figures, in most cases, operating in IDLE state causes more CN signaling comparing to the INACTIVE state because when a UE moves from IDLE to CONNECTED, it requires additional CN signalling on S1 and X2 interface, which is unnecessary to the INACTIVE state. This is especially noticeable with denser packet arrivals, where most of the CN signaling messages are due to the UE’s waking up to send data, not due to the PAU/TAU procedures. This also explains why paging area with 1 gNB has the best results for the whole range of UE speeds. As the traffic arrival gets sparser, i.e. 1packet/30 sec and 1packet/60 sec, the difference between INACTIVE state with a large paging area and IDLE state with the tracking area becomes smaller, especially for high mobility speeds. As logically anticipated, a UE without user plane activity moving from one cell to another would only trigger PAU/TAU procedures. The paging area of a small size becomes inefficient at high mobility speeds as a UE just spends most of its time updating its location.
It is worth noting that when a UE speed is low and the user plane activity is high, INACTIVE state with a small number of gNBs in a PA (e.g., 1 gNB in a PA) has more gains compared with IDLE and INACTIVE state with a large number of gNBs in a PA (e.g., 19gNBs in a PA). However, as the UE speed becomes higher while the user plane activity becomes lower, the signaling overhead of INACTIVE state with a small PA area increases. This is due to the frequent area update of a UE moving at a high speed which causes corresponding core network signaling load on the X2 interface, which can be observed from figures 17.x.x (not surprisingly, IDLE mode results in the largest number of messages exchanged over S1 due to paging and RRC connection establishment, while the INACTIVE state results in more messages exchanged over X2).
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Figure 17.x.x: Number of signaling messages sent over S1 and X2 interface for one hour 
While figures 17.x.x concentrates on the number of messages in the core network, figure 17.x.y show how many RRC messages are exchanged between a UE and gNB. Similar to the observations for the core network signaling, the INACTIVE state with a small Paging Area will cause higher signaling for higher UE speed, which is caused by the location update procedures. On the contrary, a larger Paging Area can reduce that signaling overhead associated with location update procedure.
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Figure 17.x.y: Number of RRC signaling messages sent over air interface for one hour
The INACTIVE state offers a way to save the number of signaling messages exchanged within the network and between the network and the UE. In terms of paging area size, for low mobility cases (i.e. dense urban environment or stationary devices), small paging area of a single gNB seems to provide the best performance numbers. For high mobility case, a larger paging area should be considered. 

In summary, based on the results presented in Figures 17.x.x to 17.x.y, we can see that the INACTIVE state tends to be more efficient for UEs with more frequent traffic load with low/medium speed values. As somewhat logically anticipated, if there is a UE with very low activity, then gains resulted by INACTIVE state over IDLE could be quite marginal. As for the INACTIVE paging area size, a small paging area size, i.e. as small as one gNB or one sector can be quite beneficial for dense urban environments in which the mobility is low or even absent. On the contrary, larger paging area offers more benefits as the mobility speed gets higher.
----------------------------------------------------- TP (END) -----------------------------------------------------
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