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1 Introduction
In RAN2 #82 meeting, LS on evaluation of SDDTE solutions are drafted and sent to SA2. On “keeping UE in connected mode” mode, it stated the following:

RAN2 would like to highlight that in terms of radio signalling overhead, for stationary UEs the most efficient solution is to keep them in connected mode. RAN2 believes that this approach is feasible for “frequent” (small) data transmissions (RAN2 could not conclude on a more precise maximum value for the packet inter-arrival time/UE inactivity period for which keeping UEs in connected mode is considered as realistic)
It implies that eNB may use a long RRC inactivity timer for stationary UE with frequent state transition in order to reduce signalling overhead. However, as the LS stated, R2 was not able to conclude on the combined effect of frequent data, i.e. IAT, and mobility on RRC parameter setting.

In this paper, we analyzed the performance of radio signalling under different UE speed, traffic inter-arrival time (IAT), and RRC inactivity timer to understand the combined effect of traffic and mobility.

2 Discussion
2.1 Decision on “keeping UE in connected mode”

To analyze SDDTE radio signalling overhead performance, we input a traffic profile and calculate averaged signalling bytes (RRC transition and HO signalling) per second. The RRC transition signalling overhead which includes L1 and L2 signalling will require 200 bytes per transition [1] and the transition is controlled by RRC inactivity timer and running traffic. On the other hand, HO signalling overhead which includes L1 and L2 signalling will require 134 bytes per HO [2] and HO occurrence is controlled by UE speed during UE stays in connected mode. Since there is no specific traffic model defined for small data analysis, we reused traffic patterns collected in EDDA study. Two background traces, i.e. light background (trace ID8) and heavy background (trace ID14), were used in our analysis. For mobility model, we assumed a simple deployment with Macro eNB deployed at ISD 1375m, and UE moves in a linear trajectory with a fixed speed of 3/30/60/120 km/hr.  
Table 1 show the signalling overhead with trace ID8 (light background, mean packet IAT is 6.37s). It is observed that regardless of the UE speed, the longest RRC inactivity timer, i.e. 40s, always gives the minimum overhead, so it is always better to keep the UE in connected mode. Depending on UE speed, the improvements (compared to RRC inactivity timer = 1s) is 28%~62%. The improvement is decreased when UE speed is increased. Therefore, with this traffic trace, UE with any speed can be considered as “low mobility”.
Table 2 shows the signalling overhead with trace ID14 (heavy background, mean packet IAT is 35.71s). It is observed that the occurrence of the minimum overhead depends on both UE speed and RRC inactivity timer. With this traffic trace, there is benefit to keep the UE with speed below 30 km/hr in RRC connected mode longer and release UEs with speed above 30 km/hr to RRC idle mode. Therefore, with this traffic trace, UE with speed below 30 km/hr could be categorized as “low mobility”.
Table 1 and 2 showed that the impact of traffic profile on the decision of RRC inactivity timer. Therefore, beside the actual UE speed, whether a UE can be really considered as “low mobility” (therefore keeping UE in connected mode can save signalling) is highly related to its traffic. Therefore, UEs with high speed can also be kept in connected mode by a long RRC inactivity timer if its traffic is “relatively frequent”, i.e. state transition signalling out-weight mobility signalling. In conclusion, when deciding a proper inactivity timer for a UE, network shall consider both speed and traffic IAT of the UE, gain cannot be promised by isolated decision based on only one of the factors.

Fig. 1 (a) and (b) shows the trend of the signalling overhead of RRC transition and HO with respect to RRC inactivity timers under the two trace profiles. For trace ID8 in Fig. 1(a), it is observed that the RRC transition signalling can be significantly reduced by applying a longer RRC inactivity timer while HO signalling does not change much with longer RRC inactivity timer. For trace ID14 in Fig. 1(b), it is observed that although RRC transition signalling is reduced with long RRC inactivity timer, but HO signalling increases more than the reduction when UE speed is high.
Table 1: Signalling overhead of light background (trace ID8) [byte/second]
	
	RRC inactivity timer

	
	1s
	5s
	10s
	20s
	40s

	UE speed (km/hr)
	3
	2.9706
	1.8882
	1.6427
	1.3414
	1.0512

	
	30
	3.6539
	2.6037
	2.3662
	2.0649
	1.7748

	
	60
	4.4498
	3.4076
	3.1701
	2.8688
	2.5787

	
	120
	6.0255
	5.0235
	4.7780
	4.4767
	4.1866


Table 2: Signalling overhead of heavy background (trace ID14) [byte/second]
	
	RRC inactivity timer

	
	1s
	5s
	10s
	20s
	40s

	UE speed (km/hr)
	3
	0.9998
	0.6849
	0.6453
	0.5963
	0.5543

	
	30
	1.3832
	1.3959
	1.3588
	1.3071
	1.2687

	
	60
	1.8039
	2.1851
	2.1481
	2.0963
	2.0604

	
	120
	2.6452
	3.7523
	3.7201
	3.6734
	3.6352
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Fig. 1 Signalling overhead of RRC transition and HO
Observation 1:
For traffic with infrequent packet, there is gain by keeping UE in connected state for all UE speed.
Observation 2:
For traffic with frequent packet, there is gain by keeping UE in connected state for UE speed below certain threshold. The threshold is relative to the packet frequency.
Proposal 1:
A proper decision on “keeping UE in connected state”, i.e. RRC inactivity timer, shall consider both UE speed and traffic IAT.
For more comprehensive analysis, we generated traffic profiles based on Poisson distribution with given arrival rate from 5s to 185s. Note that each arrival represents one DL/UL pair. Three RRC inactivity timers, i.e. 1s, 5s and 200s, are used. Assuming 5s as a typical setting (baseline), if 1s outperforms the baseline, it means that the UE should be released to idle; if 200s outperforms the baseline, it means that the UE should be kept in Connected mode. 
In Table 3, the highlighted boxes indicate the combinations that setting RRC inactivity timer = 200s gives the minimum signalling. The value is the signalling reduction in percentage as comparing with RRC inactivity timer = 5s. Other non-highlighted boxes indicate the combinations that setting RRC inactivity timer = 1s gives the minimum signalling and percentage reduction.
Table 3: Signalling reduction of RRC inactivity timer = (1s, 200s) over 5s [%]
	UE speed (km/hr)
	Packet arrival rate (s)

	
	5
	25
	45
	65
	85
	105
	125
	145
	165
	185

	3
	98.59
	98.91
	98.05
	97.19
	96.32
	95.46
	94.59
	93.73
	92.87
	92.00

	10
	95.73
	96.76
	94.16
	91.57
	88.95
	86.35
	83.76
	81.17
	78.55
	75.95

	30
	86.55
	89.17
	80.47
	71.80
	63.13
	54.45
	45.77
	37.10
	28.43
	19.74

	60
	74.50
	78.33
	60.96
	43.61
	26.55
	8.91
	0.06
	0.02
	0.00
	0.00

	90
	65.64
	67.32
	41.11
	14.91
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00

	120
	62.60
	63.85
	29.56
	0.47
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


It is observed that the performance between 1s and 5s is very similar when traffic is infrequent. On the other hand, the significant improvement by using long RRC inactivity timer can be seen in the upper left region. Furthermore, when UE speed is lower than 30km/hr, a long RRC inactivity timer is always better regardless of the traffic; and when traffic arrival rate is shorter than 45s, a RRC inactivity timer is always regardless of the speed.
The analysis also hinted that network can support “keeping UE in connected state” by introducing a few new values for RRC inactivity timer. In fact, gain can be seen by adding only one very big value besides the baseline. In addition, a UE does not need to provide detailed mobility/traffic information, e.g. a binary indication may probably be enough.  

Observation 3:
When UE speed is lower than 30km/hr or when running traffic arrival rate (IAT) is shorter than 45s, there is gain by keeping UE in connected state regardless.

Observation 4:
It is sufficient for UE to provide very coarse information on its mobility/traffic. 

Observation 5:
The gain of “keeping UE in connected state” can be seen by network by introducing a few new values for RRC inactivity timer.

Proposal 2:
R2 shall discuss the ambition level of “keeping UE in connected state” and the granularity of mobility/traffic information.
2.2 Assistance information 
In HetNet mobility and EDDA study, it was already agreed that the UE shall provide mobility information to the network at RRC connection setup. However, network also needs traffic information. There are two options: 
(I) Network acquires the information; 
(II) UE provides traffic information to network. 
Considering various internet traffic multiplexed on the default bearer, it is difficult for eNB to derive traffic information from bearer configuration. If statistics is used to acquire the traffic information, network needs time and cannot have the information at connection setup.

Therefore, similar to speed information, it is logical for UE to also provide traffic information at connection setup. There are two options:

(1) A joint mobility/traffic information is provided;

(2) Reuse the agreed mobility information and additional traffic information is provided.

Since the details of mobility information is not clear at this point, we suggest adopting option (1). Therefore, a dedicated indicator of mobility/traffic information is provided by UE for SDDTE “keeping UE in connected state”.
Proposal 3:
R2 agree a dedicated indicator of mobility/traffic information for “keeping UE in connected state”.
3 Conclusions
This paper investigated the combined effect of UE speed, traffic IAT, and RRC inactivity timer on signalling overhead. We have following observations and proposals:
Observation 1:
For traffic with infrequent packet, there is gain by keeping UE in connected state for all UE speed.

Observation 2:
For traffic with frequent packet, there is gain by keeping UE in connected state for UE speed below certain threshold. The threshold is relative to the packet frequency.

Proposal 1:
A proper decision on “keeping UE in connected state”, i.e. RRC inactivity timer, shall consider both UE speed and traffic IAT.
Observation 3:
When UE speed is lower than 30km/hr or when running traffic arrival rate (IAT) is shorter than 45s, there is gain by keeping UE in connected state regardless.

Observation 4:
It is sufficient for UE to provide very coarse information on its mobility/traffic. 

Observation 5:
The gain of “keeping UE in connected state” can be seen by network by introducing a few new values for RRC inactivity timer.

Proposal 2:
R2 shall discuss the ambition level of “keeping UE in connected state” and the granularity of mobility/traffic information.

Proposal 3:
R2 agree a dedicated indicator of mobility/traffic information for “keeping UE in connected state”.
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