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1
Introduction

At the last RAN2 meeting the possibility of introducing a DL flow control in Rel. 9 LTE was discussed [1]. At the time no conclusion was made and further contributions were invited for the future meetings.  In this paper we are presenting our view on this topic.
2
DL Flow Control
As already mentioned in [1] several scenarios can be identified where the UE could end up dropping DL packets. These scenarios include cases where the packet drops occur either due to the large byte volume the UE is receiving, or due to the finite processing resources that the UE has. 
If the UE’s processing resources were not finite, the L2 buffer overflow could be prevented by the eNodeB since the eNodeB could, based on the amount of DL data it is sending to the UE, estimate the UE’s L2 buffer occupancy. However in scenarios where the UE is simultaneously running multiple applications, or even multiple radio interfaces, the UE’s processing resources could become a bottleneck. In this case it would be difficult for the eNodeB to estimate the resulting buffer build-up and prevent buffer overflows.    
Therefore to limit the impact on the end-to-end application performance it would be beneficial to introduce some kind of DL flow control between the UE and the eNodeB.  Since RRC signalling would carry additional overhead, and could also be slow, it would be preferable that the flow control feedback takes the form of a MAC Control message.

Further, it can be noted that the amount of processing resources that the UE requires to process DL traffic does not depend as much on the size of DL packets as it depends on the number of DL packets that the UE needs to process in a given TTI.  
The proposal in [1] suggests that the MAC Control feedback should be defined as a scaling factor which would be applied to the maximum TB size advertised by the UE as part of its capability information. This would effectively scale down the UE’s DL peak rate.  However if the UE is facing the limits of its processing resources and at the same time it is running rate adaptive applications which are generating a constant number of packets per second but can adaptively reduce the packet size, the approach proposed in [1] may not work. This is because the UE would still need to process the same number of L2 packets per TTI.   
Therefore in our view the more the effective way to deal with the UE’s processing resource limitations would be to limit the number of MAC/RLC/PDCP packets the UE is receiving per TTI. This can be achieved by introducing a flow control feedback which would indicate the maximum number of PDCP SDUs that the eNodeB can transmit in one MAC PDU. In Annex A of [2] some guidelines for this number are already provided for each of the UE categories. Since eNodeB already has to take into account the recommended maximum Number of PDCP SDUs when building a MAC PDU, the additional functionality created by the proposed Flow Control feedback would be small.
A specific LCID can be reserved for this purpose, as already proposed in [1], with some suggested values given in the table below: 
Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11000
	Reserved

	11001
	Flow Control Request

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding
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Figure 6.1.3.7: Flow Control MAC control element
Flow Control Request Values (the values represent the Maximum Number of PDCP SDUs that the eNodeB can send to the UE in one MAC PDU)

	Index
	Flow Control Request Value

	0000
	0

	0001
	2

	0010
	4

	0011
	6

	0100
	8

	0101
	10

	0110
	15

	0111
	20

	1000
	25

	1001
	30

	1010
	35

	1011
	40

	1100
	45

	1101
	50

	1110
	Infinity

	1110-1111
	Reserved


3
Conclusion

Based on the discussion in this document we are proposing to:

Proposal 1: introduce a MAC level DL Flow Control feedback in LTE Rel 9

Proposal 2: the DL Flow Control feedback would indicate the maximum number of PDCP SDUs that the eNodeB can send to the UE in one MAC PDU
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