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1 Introduction
RAN#71 in March approved the 5G SID [1]. The initial aspects for RAN2 as part of this SID are to study/agree on the radio protocol architecture and the associated procedures. Since energy efficiency is a key performance requirement for 5G, both from the eNB and UE perspective [2], we should carefully investigate the 5G procedures and signalling design while considering the energy efficiency aspects from the initial design stages. 
During RAN2#95, RAN2 discussed about a new RAN controlled ‘state’ for NR [3]. Based on the discussion, the RAN2 chairman report captured the following agreements:

Agreements:

1: RRC states with significantly overlapping characteristics should be avoided. 

2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

[95#28][NR] Data transmission in 'new state' (Huawei)

To identity the potential benefits and disadvantages associated with a/ the UE performing state transition from the 'new state' to full connected in order to transfer data, and b/ data transfer able to occur in the 'new state'.

Email should focus first on the aspects related to uplink transmission and then, if time allows, consider aspects related to downlink transmission.

Intended outcome: Email discussion report to the next meeting.
This contribution aims to investigate data transfer in active or inactive state as aspect of UE energy efficiency. We observe the major characteristics of small data traffic including the “keep-alive message” which is a form of traffic burst with consecutive uplink and downlink packets. Based on these observations we analyse the UE energy consumption of keep-alive data transmission with both of active and inactive state. 
2 Discussion 
2.1 Data transfer with new RRC state, inactive state
Common smartphone behaviour is to periodically transmit small amounts of data, for the purpose of maintaining a connection with the network or confirming its presence. These transmissions do not enhance the user experience directly and therefore are not time critical. It is however more crucial to minimize the UE power consumption to prolong its battery operation. From this perspective, the UE should avoid performing any battery consuming tasks such as the ones typically associated with full connected state [4]. 
Owing to the above, the NR need to avoid changing to the full active state, or the cost of changing to the full active state and coming back to inactive state should be minimal from the UE battery perspective. This could mean staying in active state only for a very short time and doing minimal signalling for state transition, or to avoid transition completely. 
Advantages and drawbacks of data transfer in inactive state
When data is transferred in inactive state, the signalling overhead and delay from RRC state transition (between inactive and active) can be avoided. Furthermore, power consuming UE operations in the active state such as monitoring its serving cell and neighbour cells continuously and providing channel status feedback periodically can be avoided. Note that the operations should be continued for connected mobility support and spectral efficiency during the duration of UE inactivity timer.  
Based on the RAN2 agreement, which is “at least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state”, it is likely that UE does not sends periodic CQI feedback in the inactive state for energy efficiency. Also the data may be transferred based on the grant-free transmission to achieve both delay reduction and energy efficiency by reducing the number of control signalling. At the same time, these changes may have drawbacks; lack of periodic CQI feedback can cause degradation in spectral efficiency and grant-free transmission may cause potential collisions with higher loading. Table 1 shows the advantages and drawbacks of data transfer in inactive state.
Table 1. Advantages and drawbacks of data transfer in inactive state
	Pros
	Cons

	- Grant-free transmission 

  . Low latency and higher energy efficiency by reducing the number of control signalling
	- Grant-free transmission

. Contention probability with higher NW 

  loading 

	- No periodic CQI feedback 

  . UE energy saving 
	- No periodic CQI feedback 

  . Spectral efficiency can be degraded

	- Remove RRC state transition

   between inactive and active state
	.

	- Remove C-DRX duration  in active state
	.


Observation 1: If data can be transferred in the inactive state, we can avoid RRC state transitions and also remove C-DRX operation but the spectral efficiency may be limited without CQI feedback and due to grant-free transmissions.
Observation of the traffic characteristics on keep-alive message from Google application
UE periodically transmits and receives small amounts of data, “keep-alive message”, for the purpose of maintaining a TCP connection with the network or to check the presence of a UE in the downlink. The traffic pattern of keep-alive message highly depends on the server and application. For instance, it was observed in our measurement that typical news application with its server located in china has 2 minutes of inter-burst arrival. On the other hand, typical messenger application sends keep-alive message with 30 minutes as the inter-burst arrival time. Regardless of inter-burst arrival time, each traffic burst has a set of consecutive uplink and downlink packets.
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Figure 1: Example of keep-alive traffic from Google application.

Figure 1 shows an example of keep-alive traffic from Google application. The average inter-burst arrival time is approximately 11 minutes and one traffic burst consists of 20 consecutive uplink and downlink packets. The overall average packet size is 240 bytes, 120 bytes for uplink and 400 bytes for downlink respectively. We capture this Google keep-alive traffic log measured on a 2016 released mobile device running on Android OS 6.0 attached to a LTE-A network using Wireshark program. The detailed log of keep-alive traffic with Google application is provided in Appendix 1.
Observation 2: Different from NB-IoT traffic which has infrequent/unidirectional small data, the keep-alive message for typical applications is bidirectional (DL/UL) traffic burst. 
Note that whenever application sends request/response message in uplink, accordingly the response/acknowledgement message is sent in the downlink. Furthermore, as many applications rely upon TCP, client app also receives TCP ACKs.
Proposal 1: If NR supports transmission of keep-alive message in inactive state, the downlink as well as uplink traffic need to be considered for data transfer in inactive.
2.2 Analysis of UE energy consumption with keep-alive traffic
In this analysis, we compare the UE energy consumption for keep-alive data transmission in active and inactive state. The data transmission in the inactive state was assumed same or similar as NB-IoT CP solution. The data is piggybacked in the RACH message 4 (DL) and message 5 (UL) without explicit CQI feedback and assuming lowest MCS level. We also assume that every uplink/downlink packet required separate RACH procedures per each transmission, even it can be enhanced further. Therefore this result is a lower bound (worst case for data transmission in the inactive state) performance.  

On the other hand, for data transmission in the active state, after RRC state transition from inactive to active, uplink and downlink traffic can be transferred within the active state. The procedure of RRC state transition is followed [5]. We assume data can transfer with exact CQI and using appropriate MCS level.       
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Figure 2: Comparison the high level operations of data transfer in active and inactive state. 
The data transfer in the active state requires RRC state transition from inactive to active with RRC resume message as shown in Figure 2. It also causes long duration of C-DRX, which isn't required for small data transfer such as keep-alive message. In the data transfer in the inactive state, the data can be transferred in the inactive state without RRC state transition and remains inactive state after data transfer; hence it removes long duration of C-DRX which causes UE energy wastage in data transfer in active state.
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Figure 3: UE power consumption gain of data transfer in inactive comparing to that of active state.
These overheads of RRC transition and C-DRX are getting larger with frequent small data traffic such as keep-alive message with News application (2 min inter-arrival time) comparing to Google application (11 min inter-arrival time) as shown in Figure 3. And thus the UE power consumption gain of News application case is almost 50% (48%) that means the doubled battery life time whereas the gain of Google application case is approximately 20% (17%) (x1.25 battery life time extension). The main factor of this gain is based on removing the duration of C-DRX while the impact of RRC state transition overhead is marginal.

More clearly, the advantages of data transfer in inactive state come from avoiding RRC state transition and C-DRX operation. However, the portion of gain is different, removing the duration of C-DRX is main factor, but the reduction of RRC state transition isn’t magnificent comparing to that of C-DRX. That is because the overhead (time duration) of RRC state transition (from inactive to active) is already optimized with suspend/resume procedures [5][6]. Furthermore, C-DRX appears in the end of every UL/DL transmission, but RRC transition occurs only when the traffic arrives after inactive state (Inter-arrival time is larger than UE inactivity timer)[7].

Observation 3: The main gain of UE energy consumption for data transfer in the inactive state is based on removing the duration of C-DRX while the impact of RRC state transition overhead is marginal.
3 Conclusion

Observation 1: If data can be transferred in the inactive state, we can avoid RRC state transitions and also remove C-DRX operation but the spectral efficiency may be limited without CQI feedback and due to grant-free transmissions.
Observation 2: Different from NB-IoT traffic which has infrequent/unidirectional small data, the keep-alive message for typical applications is bidirectional (DL/UL) traffic burst. 

Observation 3: The main gain of UE energy consumption for data transfer in the inactive state is based on removing the duration of C-DRX while the impact of RRC state transition overhead is marginal.
Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1: If NR supports transmission of keep-alive message in inactive state, the downlink as well as uplink traffic need to be considered for data transfer in inactive.
References

[1] R2-160671, New SID Proposal: Study on NR New Radio Access Technology, NTT DOCOMO 
[2] 3GPP TR 38.913 3GPP Technical Specification Group Radio Access Network; Study on Scenarios and Requirements for Next Generation Access Technologies (Release 14).
[3] RAN2#95 Gothenburg Chairman Notes 
[4] R2-166284, Data transmission in "new state, Huawei, HiSilicon 
[5] R2-167697, Analysis of the signalling load for the INACTIVE state, Samsung 
[6] R2-167494, NR RRC state machine, transitions and signalling procedures, Samsung
[7] R2-168053, UE energy consumption and CN signaling overhead with fast transition from RRC active to inactive state, Samsung
Appendix 1: Example of keep arrive traffic log with google application in Wireshark program 
	Burst No.
	Packet No.
	Time (s)
	Source
	Destination
	Protocol
	Length (byte)
	Info

	1
	1
	300.9008
	10.82.199.29
	www.google.com
	TCP
	76
	SYN

	
	2
	300.9376
	www.google.com
	10.82.199.29
	TCP
	76
	SYN, ACK

	
	3
	300.9378
	10.82.199.29
	www.google.com
	TCP
	68
	

	
	4
	300.9466
	10.82.199.29
	www.google.com
	TLSv1.2
	294
	

	
	5
	300.9935
	www.google.com
	10.82.199.29
	TCP
	68
	

	
	…
	
	
	
	
	
	

	
	31
	301.5084
	10.82.199.29
	www.google.com
	TCP
	68
	

	2
	32
	399.7174
	www.google.com
	10.82.199.29
	TCP
	68
	

	
	33
	399.7175
	www.google.com
	10.82.199.29
	TCP
	68
	

	
	…
	
	
	
	
	
	

	
	36
	399.7177
	10.82.199.29
	www.google.com
	TCP
	80
	

	3
	37
	794.6194
	10.82.199.29
	www.google.com
	TLSv1.2
	99
	FIN, ACK

	
	38
	794.6199
	10.82.199.29
	www.google.com
	TCP
	68
	SYN

	
	39
	794.6348
	10.82.199.29
	www.google.com
	TCP
	76
	SYN, ACK

	
	40
	794.687
	10.82.199.29
	www.google.com
	TCP
	68
	

	
	41
	794.753
	www.google.com
	10.82.199.29
	TCP
	76
	

	
	…
	
	
	
	
	
	


