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5.x Radio-aware TCP optimization
Radio-aware TCP optimization solutions are proposed to solve the issue 2, i.e. TCP E2E delay with throughput decreasing.
5.x.1 Radio-aware TCP solution
Radio-aware TCP congestion control mechanism adjusts its congestion window and delivers packets to lower layer (i.e. layer 2) according to the assisted layer 2 information, which may consider the achievable data rate or layer 2 buffer level or ECN message. In this solution, network should broadcast assistance information to UE for throughput prediction. The UE Achievable Data Rate (ADR) could be calculated in UE modem based on the UE CQI information and network loading message. Due to the unavoidable error in achievable data rate prediction, the estimated layer 2 buffer level gradually drifts from the actual layer 2 buffer level. So the actual layer 2 buffer level should be sent to TCP sender to correct the drift. 
The UE based TCP throughput prediction with eNodeB assistance method not only estimates the available throughput, but also predict the future UE assignment bandwidth from the RAN network assist information, i.e. cell loading. The predict throughput, ADR, can be expressed as:
,
Where W is the system bandwidth which can be acquired from SIB1 in LTE system; the UE spectral efficiency can looks up the CQI table in [x: TS36.213]. The load information gets from the eNB potential resource usage for this client, and the RAN need broadcast the cell loading information to assist all the served UE to calculate load information.
UE based throughput prediction works as below in Figure 5.x.1-1:
· The RAN network shares its cell level information to UE, such as resource status etc.
· UE predicts its future available throughout according to the cell information.
· The predicted throughput is proactively signalled to server from uplink, i.e. TCP sender.


Figure 5.x.1-1 UE based throughput prediction procedure
It should be noted that the filter mechanism should be considered to avoid large fluctuation of predicated ADR.
The proposed TCP congestion window can be defined as,
,
where  is the predefined threshold of layer 2 buffer queue length, which is determined per the delay requirement of the TCP flow.  is the sampled layer 2 buffer queue length. The parameters  and RTT are the predicted UE throughput, i.e. ADR and predicted TCP RTT, respectively. 
Figure 5.x.1-2 introduces the procedure of layer 2 information delivery in radio-aware TCP solution in downlink path. At the beginning, eNB sends achievable data rate assistance information and layer 2 buffer information to the served UEs. Then the UE predicts achievable data rate in modem based on the assistance information and measured radio information, i.e. CQI. After that, the predicted achievable data rate is sent to TCP sender. Finally the TCP sender updates the congestion window (cwnd) according to the layer 2 queue information and UE predicted achieve data rate. The TCP server sends packets to UE with the delivery speed controlled by the updated cwnd. 


Figure 5.x.1-2 Layer 2 information delivery in downlink TCP
Table 5.x.1-1 gives the radio-aware TCP solution performance results in long flow traffic. The typical layer 2 buffer size is assumed based on the 1 ~ 1.5x bandwidth-delay product, i.e. BDP. If only the R(t) * RTT is considered in radio-aware TCP solution, nearly 10% performance gain can be acquired. More than 10% performance enhancement is achieved when radio-aware TCP solution (i.e. ADR and layer 2 buffer level) is adopted in the system.
Table 5.x.1-1 Enhanced TCP performance for radio-aware TCP solution for long flow
	L2 Buffer Size (Bytes)
	Normal TCP (Mbps)
	Radio-aware TCP: R(t)*RTT (Mbps)
	Radio-aware TCP w/ L2 Q info (Mbps)
	Gain

	45KB
	14.5
	15.9
	16.6
	14.5%

	60KB
	16.57
	17.33
	18.59
	12.1%



5.x.2 Network assisted radio-aware TCP solution


Figure 5.x.2-1 Network assisted radio-aware TCP solution
1. At reception of optimization request, CN may perform UE eligibility check. “UE eligibility check” is necessary in case the optimization is performed for only some kind of user subscription and differentiate charging may be performed. After UE eligibility check, CN sends TCP optimization response to UE to accept or reject the TCP optimization request.
2. Upon decision to perform TCP optimisation, the CN will request eNB to report achievable data rate (ADR), for this UE.
In this step, the CN can also configure the reporting criteria and other related information.
During handover procedure, CN may configure the target eNB to report optimization parameters by CN request. No more eligibility check is needed.
3. According to the ADR assistance info report configuration, eNB reports the required ADR assistance info to CN.
This can be reported periodically or event triggered by CN configuration (e.g. ADR drops below a certain threshold). 
4. CN sends ADR assistance info to TCP server; then TCP server set/update its congestion window accordingly.
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