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Discussion/Decision
1 Introduction

This contribution addresses issues on L2 buffer management. Especially, which parameter regarding UE buffer capability should be signaled and how the UE buffer should be splitted between logical channels are discussed. 

2 Discussion
There are number of buffers per logical channel, which is summarized in table 1. 

<Table 1>

	Tx
	PDCP SDU/PDU buffer
	Stores PDCP SDU/PDU not transmitted yet or not confirmed yet.

	
	RLC PDU (re)transmission buffer
	Stores outstanding RLC PDUs (including PDUs to be retransmitted)

	Rx
	RLC reception buffer
	Stores RLC PDUs not reordered yet

	
	PDCP reordering buffer
	Stores out-of-sequence PDCP SDUs during HO 


It is a general understanding that UE reports its L2 buffer capability to the ENB during/after RRC connection establishment. The question is whether PDCP SDU/PDU buffer should be taken into account in UE capability.  For high bit rate data transfer the amount of PDCP SDUs not transmitted yet could be much more than that of the outstanding RLC PDUs, so UE would allocate more memory for this buffer than others. In this sense, it is not strange to include this in the total buffer capability reported, however, we prefer to not including it with following reasons.
· Buffer capability in PDCP level is not reported in UMTS. ‘Total RLC AM and MAC-hs buffer size’ of the UMTS does not include the buffer size to to store PDCP SDUs. 
· Total buffer capability reporting is mainly for preventing buffer overflow. Considering PDCP generally does not participate in flow control and in ARQ operation, reporting PDCP buffer capabiilty is not useful. 

We believe PDCP reordering buffer is not needed to be considered, because it is a temporary memory which can be implemented in the same memory of RLC reception buffer.

Proposal 1: PDCP SDU/PDU buffer size is not reported during the UE capability exchange like in UMTS.

Proposal 2: Total RLC buffer size is reported during the UE capabilty exchange. Total L2 buffer is partitioned for the RLC transmission buffers and for the RLC reception buffers for logical channels of a UE.
Given that the proposal 1 and 2 are agreed, figure 1 shows the overview of L2 buffers.

 
[image: image1.emf]LCH 2 : RLC 

AM bearer

RLC 

transmission 

buffer

RLC reception 

buffer

RLC 

transmission 

buffer

RLC reception 

buffer

PDCP buffer

PDCP buffer

RLC 

transmission 

buffer

RLC reception 

buffer

RLC 

transmission 

buffer

RLC reception 

buffer

PDCP buffer

PDCP buffer

LCH 1: RLC 

AM bearer

LCH 3 : RLC 

UM bearer

RLC reception 

buffer

RLC reception 

buffer

PDCP buffer

PDCP buffer

UE

ENB

Total RLC 

buffer in UE

Total RLC 

buffer in ENB

RLC 

transmission 

buffer

RLC 

transmission 

buffer


As seen in the figure, the memory size partitioned to a RLC AM/UM logical channel will be used for RLC transmission buffer and RLC reception buffer. It should be noted that the required memory size for RLC AM logical channel would be much greater than that for the RLC UM logical channel. 

There are various ways in splitting the total RLC buffer to the logical channels. In principle there could be three different approaches.

	Equal Partitioning
	Total RLC buffer size is equally partitioned by all the RLC AM/UM logical channels

	Configured Partitioning
	RLC reception buffer size and RLC transmission buffer size are configured per logical channel during the radio bearer setup procedure.

	Dynamic Partitioning
	There is no hard partitioning. Total RLC buffer is dynamically shared by all RLC AM & UM entities


Equal Partitioning is most inefficient way in a sense that the logical channel requiring lower memory size e.g. SRBs and DTCH for VoIP is likely to be over-provisioned. Configured Partitioning is most straightforward and conforms to the pre-R6 UMTS. Dynamic partitioning is the most efficient way in terms of memeory requirement, but this requires Node B scheduler to be aware of each logical channel’s buffer occupancy. In this approach, Node B scheduler sends DL data in such a manner that the total RLC buffer in UE does not overflow, and allocates UL resource in such a manner that the total RLC buffer in ENB does not overflow. In principle, the size of the total RLC buffer of UE is equal to that of ENB, so it is feasible for the scheduler to take them into account. The example on how this can be done is presented in the Annex.
3 Conclusion
Both Configured Partitioning and Dynamic Partitioning should work well. We propose Dynamic Partitioning, because it enables the memory sharing between the logical channels, which will bring the UE cost down. ENB needs to be a bit smarter, but we believe it is in an acceptable level. Please see the annex for more details on Dynamic Partitioning.
To reflect the dynamaic partitioning in the core specification, we think following specification might be updated with the appropriate CRs.

· 36.306: Parameter ‘total RLC buffer size’ should be defined.

· 36.322: UE should be mandated to dynamically share the total RLC buffer with all the logical channels configured. Detailed descriptions (like presented in the annex) are not to be specified. 

· 36.331: Signaling support for ‘total RLC buffer size’.

If the proposal is agreed, Samsung will happily provide the CRs for the next meeting.
Annex. Details on Dynamic Partitioning
· During the RRC connection establishment phase, ‘total RLC buffer size’ is signaled to the ENB as a UE capability.

· Total RLC buffer is dyanmically shared by the RLC (re)transmission buffers and the RLC reception buffers of all logical channels configured in the UE. Therefore, even when a new logical channel is added or existing one is deleted there is no signaling regarding RLC buffer size reconfiguration.  

· Equal amount of buffer should in priciple be provisioned for logical channels in ENBs. This will not be specified in the standard. 
· Node B gets a hint on how much data it can send and how much resource it can allocate to a certain UE, based on the RLC buffer utilization in the ENB.   

· For downlink scheduling,
· Node B should not transmit more data than UE’s total buffer can handle. 

· Probably the maximum amount of data Node B can send at a given moment is

· Total RLC buffer size – Estimated Tx buffer size of UE – Estimated Rx buffer size of UE – safe guard

· Estimated Tx buffer size of UE is the estimated size of UE Tx buffer currently in use.

· =  SUM of the size of RLC PDUs between VR(R)` and VR(H) in all logical channels of Node B

· VR(R)` is the  snapshot of the VR(R) when the latest STATUS REPORT has been sent

· For example, if VR(R)` is 100 and VR(H) is 200 for a certain logical channel, it means that the transmitter in the UE will buffer RLC PDUs in that SN range because they have not been acknowledged.

· Estimated Rx buffer size of UE is the estimated size of UE Rx buffer currently in use

· = SUM of RLC PDUs between VT(A) and VT(S) in all logical channels in Node B
· For  uplink scheduling,
· Node B should not allocate more resource than its total RLC buffer can handle. 

· Probably the maximum amount of data Node B can allocate at a given moment is

· Total RLC buffer size – Currently used Tx buffer size – Currently used Rx buffer size – safe guard

· Currently used Tx buffer size = SUM of RLC PDUs between VT(A) and VT(S) in all logical channels in Node B (note that it is the same with Estimated Rx buffer size of a UE)

· Currently used Rx buffer size = SUM of RLC PDUs between VR(R) and VR(H) in all logical channels in Node B
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