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1. Introduction

In RAN WG2 #61, the need of DL flow control was presented [1]. Some companies have some concerns and in this contribution, we provide more details to our proposal and address those concerns.
2. Discussion

2.1. Solutions
We propose three alternatives here for flow control.
2.1.1. Solution 1 (MAC Flow Control)

In this solution, the UE sends a MAC Flow Control PDU to indicate the DL data rate the UE can support (as a fraction of the maximum DL rate indicated in the UE capability).

The triggers for this MAC Control PDU are implementation dependent and not specified in the standard. When the eNB receives this PDU, its’ up to the eNB to reduce the DL traffic. 

The advantages of this solution are:

· We just need to reserve an LCID value, define a new MAC Control Element in the standard (as shown below), and define the SR trigger for such Control Element
· Since the eNB scheduler needs to decide on a Transport Block size anyway, it’s just one more step to limit the Transport Block size to whatever the UE reported so we don’t see complexity in the eNB
Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-yyyyy
	Identity of the logical channel

	yyyyy-11001
	Reserved

	11010
	Flow Control Report

	11011
	[Power Headroom Report]

	11100
	C-RNTI

	11101
	Short Buffer Status Report

	11110
	Long Buffer Status Report

	11111
	Padding
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Figure 6.1.3.2-1: Flow Control MAC control element
Values of Data_Rate_Factor

	Index
	Data_Rate_Factor values

	0000
	0

	0001
	0.1

	0010
	0.2

	0011
	0.3

	0100
	0.4

	0101
	0.5

	0110
	0.6

	0111
	0.7

	1000
	0.8

	1001
	0.9

	1010
	1.0

	1011-1111
	Reserved


2.1.2. Solution 2 (CQI Flow Control)

In this solution, the eNB configures a flow control report period, N (e.g,. N = 20 means every 20 CQI reports). The UE reports the measured CQI value periodically like normal (e.g,. every 5ms) except in every Nth CQI report, the UE indicates the CQI value it can support after taking into account its resource limitation, if any.

This way, the eNB still receives the measured CQI value in 19 reports out of every 20 reports. Therefore, the eNB still receives accurate CQI measurements from the UE to schedule it properly, which is crucial for DL GBR and SRB traffic.
Again, the triggers are implementation dependent and not specified in the standard. When the eNB receives the flow control CQI value, its’ up to the eNB to reduce the DL traffic. 

The advantages of this solution are:

· We only need is to define N in the standard and make sure both UE and eNB count the CQI reports from the same offset

· CQI is an existing natural input to the scheduler so only simple procedures are needed in the eNB
· No modifications to the CQI values needed
2.1.3. Solution 3 (CQI Flow Control – variation 1)

In this solution, the UE sends a reserved CQI value
 to indicate the UE resources are low. When the resources are back to normal, the UE sends the measured CQI value.

Again, the triggers for the UE to send this reserved CQI value are implementation dependent and not specified in the standard. When the eNB receives this reserved CQI value, its’ up to the eNB to reduce the DL traffic. 

The advantages of this solution are:

· Simplest

· Only need to reserve a special CQI value for flow control and no other changes are needed in the standard

· CQI is an existing natural input to the scheduler so only simple procedures are needed in the eNB

2.2. More Discussion

2.2.1. Need of flow control and Performance Gain
In addition to the need discussed in [1], we want to point out most UE vendors would generally advertise performance up to what the UE can pass with GCF (since this is really the only way of enforcement), and not something lower based on some possible concurrencies.

Since all GCF tests are testing the UL and DL individually without any user applications running concurrently, the UE will be able to pass the test. However, for example, when the UE is doing both UL peak rate and DL peak rate and multiple user applications concurrently, it’s possible (and likely) the UE resource will run low. The result is the UE will drop the DL packets and trigger TCP/IP congestion control, which drastically reduces the throughput. The dropped packets were transmitted over the air and hence wasting radio capacity. Worst, it’s likely the UE in question is receiving and/or transmitting high data rate so it takes up a large portion of the total capacity in a cell. So any dropped packets will translate to large capacity loss in terms of percentage of the max possible capacity.

However, if we have flow control, the eNB could reduce the traffic and the UE could process the packets such that the TCP/IP throughput will reduce gracefully (as opposed to abruptly) and maintaining a reasonable throughput.
2.2.2. UE problems pushed to eNB?

If UE does not have flow control, it’s likely the UE would just discard the DL packets, which will trigger TCP congestion control and choking the throughput and the radio capacity will be wasted. With flow control, the throughput could be reduced gradually so the eNB will not have a big backlog accumulation.

When the UE resources run low, the UE cannot process the DL packets in time so the packets will be dropped. The question is whether we want the packets to be transmitted over the air first and then get dropped at the UE (i.e., without flow control) or we want the packets to be dropped at the eNB instead (i.e., with flow control) and not wasting the radio resources.

3. Conclusion

3.1. Proposal

We prefer solution 1 but we could agree to solutions 2 or 3 if that’s what the majority favours.

Proposal 1: RAN2 to adopt solution 1 or solution 2 or solution 3.
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� 	This reserved CQI value is not to be confused with the current lowest CQI value that can be reported. The reason is the eNB needs to distinguish between lowest measured CQI value and low UE resources. If the UE resources are low and the UE reported the lowest CQI value, the eNB may try to compensate by increasing the transmission power and not reducing the DL traffic rate, which will not achieve flow control.
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