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1. Introduction

In RAN2#66bis, it was agreed in RAN2 if RAN5 can add a sustained data rate test, RAN2 will agree to some form of DL flow control in Rel 9. In this contribution, we discuss some alternatives and their pros and cons.
2. Background
2.1. Potential Solutions

We identified the following alternatives to achieve flow control with pros and cons:
· MAC Flow Control – when the UE resource runs low, the UE sends a feedback to the eNB using a MAC Control PDU indicating the level of data rate reduction needed (e.g., reduce DL traffic to x% of the peak data rate supported as indicated in the UE capability). eNB reacts by reducing the DL data rate based on the QoS requirements for each radio bearer (e.g., eNB will reduce the DL data rate of the best-effort radio bearers only) 
· Pros

· Fine granularity of flow control since the eNB could indicate data rate reduction needed in the MAC Control PDU

· UE only sends the MAC Control PDU when needed (minimal overhead)

· eNB has total control over which radio bearers to reduce the DL data rate (including but not limited to RLC-AM flows, RLC-UM flows, MBMS, etc.)

· eNB can reduce both RLC new transmissions and retransmissions

· Very little effort to standardise since most procedures will be in the eNB

· Cons

· Need new MAC control message

· RLC Flow Control – Similar to the flow control in UTRAN RLC where the receiver controls the transmitter transmission window

· Pros

· Already exists today in UTRAN and well tested in the field

· Little effort to standardise (can reuse existing procedures in UTRAN RLC)

· Control each radio bearer independently

· Cons

· Cannot effectively control the data rate since the transmitter window is in units of RLC sequence number and RLC PDU has flexible size (e.g., even if the window is shrunk to one, the UE could still receive a very big single PDU per TTI)

· Allows UE flexibility to prioritise the radio bearers differently than the eNB would

· Cannot control RLC retransmissions

· Cannot control RLC-UM traffic

· CQI Flow Control – Use some reserved code point to indicate flow control level

· Pros

· Very little effort to standardise (to reserve the code points in CQI)

· Cons

· Need to always pay the CQI overhead even when the UE does not need flow control, which is most of the time

· UE capability – Change the UE capability on the fly depending on the level of flow control needed

· Pros

· Already supported in the standard

· Cons

· More overhead using RRC signalling

· Potentially slower turnaround time due to RRC and ANSI.1 decoding

· Granularity too coarse

· Application layer flow control – Relies on the application to perform flow control

· Pros

· No need to standardise

· Cons

· End-to-end flow control is not implemented in all applications (only TCP based apps, not UDP based apps like e.g. streaming video which may also be quite bandwidth-intensive

· Not suitable to control flow in real-time

Among the alternatives above, we believe that MAC Flow Control is the best solution since it offers a lot of flexibility with minimal overhead and standardisation effort. It also gives the eNB the total control.

It is worthwhile to point out with all the alternatives above other than RLC flow control, the UE will not have the flexibility to perform per-radio bearer flow control according to QoS. As a result, the eNB is expected to honour the relative QoS requirements of the all the traffic flows during flow control. If this is not the case it may cause degraded performance for priority traffic and result in poor end user experience.

Proposal 1: Flow control is performed at the MAC layer

Proposal 2: UE sends MAC Control PDU as a flow control feedback to the eNB

Proposal 3: In response to the feedback received, eNB should reduce the DL data rate according to the QoS of the radio bearers (e.g,. not to reduce data rate of Layer 3 Signaling, VoIP, etc.)

3. Conclusion

In this contribution, we discuss alternatives of flow control and their pros and cons. We conclude that MAC based flow control is the best approach. We have the following proposals.
Proposal 1: Flow control is performed at the MAC layer

Proposal 2: UE sends MAC Control PDU as a flow control feedback to the eNB

Proposal 3: In response to the feedback received, eNB should reduce the DL data rate according to the QoS of the radio bearers (e.g,. not to reduce data rate of Layer 3 Signaling, VoIP, etc.)

