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1.
Introduction
In this document, we discuss flow control function between eNB and UE. 
2.
Discussion
2.1 Flow control in UTRAN
In UTRAN, the main flow control function exists between MAC-hs and MAC-d entities. The function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted data as a result of HS-DSCH congestion taking the transmission capabilities of the air interface into account in a dynamic manner. The MAC reordering release Timer T1 is also used to avoid the congestion at the receiving side. In EUTRAN the congestion in UE or eNB, which is caused by early lost data at RLC layer, also possibly occurs due to higher data rate, shorter TTI and variable radio condition. If so, potential data loss will be introduced and QoS of Service will be degraded. 
Following is one example scenario:
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1、 For RLC Rx buffer, packets 98, 99 and 102 must be buffered due to the loss of packet 97. And RLC Tx will continuously transmit packets 103,104,105 and 106 if the transmitter has available radio resource to transmit before it receives the status report. 
2、 When RLC Rx buffer received packets 103, 104, 105 and 106, it is assumed that data loss has been found and it sends a status report to ACK packets 98, 99, 102. 
3、 When RLC Tx buffer received the status report, it will retransmit packets 97, 100, 101. If the Tx has the opportunity and available radio resource to transmit, packet 107 and other packets will also be transmitted without flow control. 

From the discussion above, we can see that if the Rx has not received packet 97 for a long time, possible congestion in Rx buffer will occur and data loss will be introduced. Further we should note that status report from the Rx in EUTRAN will not be sent in time like in UTRAN since status report can be triggered by data loss through RLC reordering in UTRAN. Also the status report will possibly be lost at the radio interface. As a result the Tx will continuously transmit new data since it does not know the status of the Rx, which makes probability of congestion higher.Proposal 1: Flow control between eNB and UE is needed in EUTRAN.
2.2 RLC based flow control
Some companies have proposed to use MAC scheduling or PDCP rate control to perform flow control between eNB and UE. Note that the congestion mainly occurs at RLC reordering buffer since MAC and PDCP layer has no reordering in EUTRAN. So only limiting the data rate in MAC or PDCP layer can not efficiently avoid the congestion at RLC layer, because they can not control the RLC window and the transmitted data. The received data will be possibly outside the receiver window and be discarded even the data rate is slowed down. 
Proposal 2: Flow control is performed at RLC layer.
2.3 Proposed scheme

Note that the window size is based on the number of AMD PDUs in UTRAN due to the fixed size of AMD PDU. But SDUs is segmented based on radio in EUTRAN and it is impossible to ensure that the size of each AMD PDU is fixed. As a result, it is impossible to factually reflect the occupied physical memory through SN based window size. Note that normally each AMD PDU in EUTRAN is much larger than that in UTRAN and only one AMD PDU can be sent for each TTI basically. So it is reasonable to define the window size based on physical memory, ie bytes. 
An example calculation: 

Assuming one UE in one cell using 8 HARQ processes, HARQ RTT would be 8ms. Allowing 4 HARQ transmissions and 3 RLC transmissions, the RLC window would need to span 3*4*8 (transmissions) + 2*8 (SR) = 112 ms.

The L1 peak data rate, setting limits on max TB size, is > 100Mbps (the requirement). If we assume it is 200 Mbps, the required RLC window size would then be: 200 Mpbs * 112 ms =  22.4 Mb = 2.8 MB.

This calculation is not very detailed, but it can be concluded that despite the comparably short transmission latencies of LTE, required AM RLC buffer size for reordering is anyway in the magnitude of MB per RB. 

Proposal 3: Transmit Window size is defined both in terms of bytes and SN at RLC layer in EUTRAN and any data outside the window shall not be transmitted if transmitter window is full.
Proposal 4: Window size shall be configured to less than or equal to half of SN space in order to avoid SN ambiguity, ie there can be maximally  half of SN space number of AMD PDUs available in the window; and any data with SN higher than the upper edge in the transmitter window shall not be transmitted. 
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As stated above, the receiver buffer will possibly be overflowed once it reached the upper edge of receiver buffer due to the loss of lower SN. And any data outside the receiver window should be discarded, which will make radio resource wasted and transmission efficiency low. So in order to avoid the overflow of the receiver window, it shall send the status report to inform the transmitter window to make window size and lower edge of both transmitter and receiver window equal when it finds a risk of overflow, ie reaching a threshold of receiver buffer or SN upper edge. Upon receiving the status report, the transmitter window shall adjust the window size and update the lower edge of the transmitter window and only transmit or retransmit the data inside the transmitter window. Further the receiver window can transmit a status report to resume the transmitter window, ie making the transmitter window as original size and update the lower edge of the transmitter window, if the receiver window is far from the risk of overflow in order to maximum the throughput.  
Proposal 5: It is proposed to transmit a status report to synchronize both the receiver and transmitter window when the receiver window is about to be overflowed. 
3.
Proposal
It is proposed to discuss the flow control function and agree the following proposals.
Proposal 1: Flow control between eNB and UE is needed in EUTRAN.
Proposal 2: Flow control is performed at RLC layer.
Proposal 3: Transmit Window size is defined both in terms of bytes and SN at RLC layer in EUTRAN and any data outside the window shall not be transmitted if buffer size of transmitter window is full.
Proposal 4: Window size shall be configured to less than or equal to half of SN space in order to avoid SN ambiguity, ie there can be maximally  half of SN space number of AMD PDUs available in the window; and any data with SN higher than the upper edge in the transmitter window shall not be transmitted. 

Proposal 5: It is proposed to transmit a status report to synchronize both the receiver and transmitter window when the receiver window is about to be overflowed. 
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