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1 Introduction
With respect to background and IM traffic, comprehensive evaluations have been done for following aspects:

· L1 signalling overhead i.e. (section 5.1in TR 36.822 [1]);

· L3 signalling overhead i.e. Signalling Associated with RRC Connection Setup/Release [section5.2] , and signalling associated with HO (section 5.3 [1];
· UE power consumption [section 5.4]

However, there is no L2 signalling evaluation. As shown in [2] [3], the message flow for one data packet transmission is quite heavy.

This document evaluates the amount of L2 signalling associated with data transmission, compared with RRC signalling and with application data.
2 Discussion

2.1 Message flow for data transmission
Because IM and background traffic consist in packets coming one by one or in a small number, BSR and RLC status report will be triggered frequently resulting in L2 signalling transmitted over the air since no following data is available in the buffer. 

[image: image1]
Figure 1: Message flow of uplink/downlink packets transmission between UE and eNB

The message flow in figure1 is for data packets delivery while the UE is uplink synchronised and SR resources are configured. The uplink/downlink packet may be an application layer packet, TCP layer signalling (e.g. TCP ACK) or RRC signalling (e.g. RRC reconfiguration).
Uplink transmission of a burst of 1 to N packets:

Higher layer: 1 to N packets in uplink 
MAC: 1 BSR triggered by uplink data arrival, which may be cancelled for transmission if the grant can accommodate all data in the buffer.
RLC: 1 RLC ACK in downlink for the acknowledge of the uplink data transmission 

Downlink transmission of a burst of 1 to N packets:

Higher layer: 1 to N packets in downlink 
MAC: 1 BSR triggered by RLC ACK packet arrival, which will be cancelled for transmission since the RLC ACK packet can be accommodated by the initial grant.
RLC: 1 RLC ACK in uplink for the acknowledgement of downlink data transmission 

If the UE is out of sync or SR resources are not configured, for uplink data transmission, the contention based RACH procedure will be triggered and a RRC reconfiguration procedure is normally needed for dedicated physical resource configuration; for downlink data, the RA procedure will be triggered in addition to the message flow in figure1-b. In our simulation, for simplicity, the message flows in figure 1, without any RA procedure, are used to calculate the L2 message overhead for all data packets except for the RRC setup/release procedure.
RRC setup/release transmission, refer to the message flow in [1] [4]:
Higher layer: 9 (5 uplink and 4 downlink) RRC messages 

MAC: all triggered BSR are cancelled for transmission assuming the RRC signalling can be accommodated by the initial grant. 1 RAR;
RLC: 4 RLC ACK for the acknowledge

The traffic traces of background and IM in the appendix of [4] are used in this simulation. 
2.2 L2 signalling overhead
Different RRC release timer would result in different number of RRC setup/release, and RRC setup/release have different message flow from other data transmitted in sync status, the simulated results are plotted as the function of the RRC release time. And the high layer data packets are distinguished into RRC packet and data packet. 
The L2 signalling is divided into BSR, RLC status report for RRC signalling and RLC status report for data.
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Figure 2: Data packets and L2/L3 signalling overhead (background traffic)
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Figure 3: Data packets and L2/L3 signalling over (IM traffic)

For both downlink and uplink data transmission, one RLC status report will be triggered almost for each RLC SDU transmission. For uplink data transmission, the BSR will be cancelled if the data in the buffer are less than 24 bytes. The number of BSRs for uplink data packet transmission can be reduced if a longer SR period is configured (but at the cost of a longer latency).

Figure 2 and 3 show the simulation results for background and IM traffic. As can be expected, the number of RRC signalling and of associated RLC status reports decrease as the RRC release timer is increased.
When a longer RRC release timer is used and the UE remains in RRC connected state most of the time and the total amount of L2 signalling (i.e. RAR, BSR, RLC status report for RRC message or data packet) is larger than the amount of higher layer data transmitted. If a shorter RRC release timer is used, the total amount of L2 signalling is a bit less than but still comparable with the amount of higher layer data transmitted.

Observation 1: The number of L2 packets transmitted on the radio interface is comparable with the number of the number of transmitted data packets for background or IM traffic.
3 Conclusion
This document evaluates the amount of L2 signalling associated with IM and background data transmission, together with the amount of RRC signalling.

The number of L2 packets transmitted on the radio interface is comparable with the number of the number of transmitted data packets for background or IM traffic.
Proposal 1: capture the evaluation in this document into the TR

Proposal2: discuss the need for enhancements in order to reduce the L2 signalling overhead for IM and background traffic
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