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1 Introduction

Currently the definition of the Maximum total L2 buffer size is not defined. Based on [1], it was decided that any RLC memory reported in UE capabilities is at least dynamically shared between RLC entities in UL and DL. 
In this contribution we address the detailed definition of the maximum total L2 buffer size, and present some initial analysis of the required buffer sizes.
2 Maximum total L2 buffer size
At least following open issues need to be addressed for the total L2 buffer size. 

1. Should we include the incoming SDU buffer size in the capability?
2. Should the total L2 buffer size be dependent on the UE category?
3. What values should be used for the buffer size?

In the sections below we try to provide answers to these questions.
2.1 Incoming SDU buffer

The incoming SDU buffer size is required to be large enough to support TCP transmission at full data rate in the uplink. As a rule of thumb, due to TCP congestion control, the link should be prepared to buffer the bandwidth delay product of the link. For high data rates this can correspond to a large amount of buffering required, as is shown in Table 1 (assuming a 100 ms TCP RTT):
Table 1: Required SDU buffer size needed to support TCP transmission at maximum physical layer data rate and 100 ms TCP RTT.

	
	Required SDU buffer size [kBytes]

	Category 1
	63

	Category 2
	313

	Category 3
	625

	Category 4
	625

	Category 5
	939


Even though this buffer size is in general required to be available in the UE, it appears that there is no protocol reason in RAN2 to mandate this. The impact of the UEs with less than required memory will be limited to a reduced throughput on the application layer. Thus we propose that 

Proposal 1: The incoming SDU buffer is not specified, but is left up to the UE implementation.

2.2 Definition of the total L2 buffer size

If proposal 1 is agreed, the total L2 buffer size can consist of PDCP SDU buffer size and RLC TX and RX buffer sizes. 
The PDCP SDU buffer needs to keep copies of the unacknowledged RLC PDUs. Thus the UE is required to have similar memory for the PDCP SDU buffer size as for the RLC TX buffer. 
The RLC TX buffer needs to be large enough to hold transmitted RLC PDUs until an acknowledgement has been received.

The RLC RX buffer needs to hold received PDUs in downlink. From RAN2 protocol point of view, the network needs to have information on amount of L2 buffer available for RLC RX buffer in downlink in order to avoid overflowing the UE buffer with downlink transmissions. The consequence of the decision to share the RLC RX and TX buffer memory in the UE is that the network cannot know exactly the memory available for DL transmissions, but is forced to estimate the RLC TX window size based on the received RLC PDUs.
If the PDCP SDU buffer is included in the total L2 buffer size definition, any inaccuracies in the RX buffer estimation will be increased, as the eNB has to assumed that each transmit RLC PDU is duplicated in the PDCP SDU buffer. 

Thus we propose that the total L2 buffer size is defined as the sum of RLC TX and RX windows:
Proposal 2: The maximum total layer 2 buffer size is defined as the sum of the maximum number of bytes that the UE is capable of storing in the RLC transmission window and RLC reception window for all radio bearers.

As both the unacknowledged and received RLC PDUs all depend strongly on the data rate the UE can sustain, it seems preferable to couple the UE buffer size to the UE category. From the network operation point of view, it is not desirable to have UEs reporting arbitrary values.

Proposal 3: The Maximum total L2 buffer size is coupled to the UE category. There is one value for each UE category.
2.3 Initial analysis of the total L2 buffer size
Finally, for UTRAN the following method is used to calculate the required buffer size

HSUPA+HSDPA: Minimum RLC Buffer Size (bits) = MaxDLDataRate  * RoundTripTime  + MaxDLTrBlkSize*MHSWindowSize(16) + MaxULDataRate  * RoundTripTime 

All values are then converted to Kbytes (divide by 8192) and then quantized up to the nearest reportable value in the RLC AM and MHS Buffer size reporting.
This definition allows sustained operation at the maximum physical layer data rate, if there are no RLC retransmissions or losses of RLC Status reports. It can be expected that in normal operating conditions, where the RLC retransmissions might occur, the sustainable data rates are also typically smaller.
This method can be directly applied to the E-UTRA, except that the HS window size is not needed, as the HARQ reordering is done in the RLC:

Minimum RLC Buffer Size = MaxDLDataRate  * RoundTripTime  + MaxULDataRate  * RoundTripTime 

A reasonable value for the RLC RTT depends on the number of HARQ retransmissions targeted, the configuration of the reordering timer and RLC polling triggers. Assuming e.g. that maximum 5 HARQ retransmissions are supported and that the RLC polls for every 32nd TTI, the maximum RLC RTT can be estimated to be 5*8 ms + 32 ms = 72 ms. In Table 2 below we have calculated the required RLC TX and RX buffer sizes assuming 75 ms RLC RTT.
Table 2: Total RLC buffer sizes needed to sustain maximum physical level data rate

[image: image1.emf]DL rate [bpms]UL rate [bpms]RLC RTT RLC RX window size [kbytes]RLC TX window size [kbytes]

Total buffer 

size [kbytes]

Category 1 10040 5032

75 92 46 138

Category 2 50000 25008

75 458 229 687

Category 3 100000 50000

75 916 458 1373

Category 4 150112 50000

75 1374 458 1832

Category 5 300064 75056

75 2747 687 3434


3 Conclusion

In this paper we have analyzed the definition of the Maximum total layer 2 buffer size, and propose 
Proposal 1: The incoming SDU buffer is not specified, but is left up to the UE implementation.

Proposal 2: The maximum total layer 2 buffer size is defined as the sum of the maximum number of bytes that the UE is capable of storing in the RLC transmission window and RLC reception window for all radio bearers.

Proposal 3: The Maximum total L2 buffer size is coupled to the UE category. There is one value for each UE category.

In addition we propose to agree to the text proposal in Section 5.
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5 Text proposal
4 UE radio access capability parameters

The following subclauses define the UE radio access capability parameters. Only parameters for which there is the possibility for UEs to signal different values are considered as UE radio access capability parameters. Therefore, mandatory capabilities that are the same for all UEs are not listed here.

E-UTRAN needs to respect the signalled UE radio access capability parameters when configuring the UE and when scheduling the UE.
4.1
UE Categories
The UE Category parameter defines a combined uplink and downlink capability. The parameters set by the UE Category are defined in subclause 4.2. Tables 4.3-1 and 4.3-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. 

Table 4.1-1: Downlink physical layer parameter values set by UE Category

	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	[10040]
	[10040]
	[242800]
	1

	Category 2
	[50000]
	[50000]
	[1206624]
	2

	Category 3
	[100000]
	[75056]
	[1206624]
	2

	Category 4
	[150112]
	[75056]
	[1811232]
	2

	Category 5
	[300064]
	[150032]
	[3620256]
	4


Table 4.1-2: Uplink physical layer parameter values set by UE Category

	UE Category
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	[5032]
	No

	Category 2
	[25008]
	No

	Category 3
	[50000]
	No

	Category 4
	[50000]
	No

	Category 5
	[75056]
	Yes


Table 4.1-3: RLC parameter values set by UE Category

	UE Category
	Maximum total layer 2 buffer size [kBytes]

	Category 1
	[150]

	Category 2
	[750]

	Category 3
	[1500]

	Category 4
	[2000]

	Category 5
	[3750]


4.2
Parameters set by UE Category

4.2.1
Transport channel parameters in downlink

4.2.1.1
Maximum number of DL-SCH transport block bits received within a TTI 

Defines the maximum number of DL-SCH transport blocks bits that the UE is capable of receiving within a DL-SCH TTI.

In case of spatial multiplexing, this is the sum of the number of bits delivered in each of the two transport blocks. 

This number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe.

4.2.1.2
Maximum number of bits of a DL-SCH transport block received within a TTI

Defines the maximum number of DL-SCH transport block bits that the UE is capable of receiving in a single transport block within a DL-SCH TTI.

4.2.1.3
Total number of DL-SCH soft channel bits

Defines the total number of soft channel bits available for H-ARQ processing.

4.2.2
Transport channel parameters in uplink

4.2.2.1
Maximum number of bits of an UL-SCH transport block transmitted within a TTI 

Defines the maximum number of bits of UL-SCH transport block transmitted within an UL-SCH TTI.

4.2.3
Physical channel parameters in downlink (DL)
4.2.3.1
Maximum number of supported layers for spatial multiplexing in DL

Defines the maximum number of supported layers for spatial multiplexing per UE.

4.2.4
Physical channel parameters in uplink (UL)

4.2.4.1
Support for 64QAM in UL

Defines if 64QAM is supported in UL.
4.2.5

Maximum total layer 2 buffer size

This parameter defines the maximum total layer 2 buffer size. The maximum total layer 2 buffer size is defined as the sum of the maximum number of bytes that the UE is capable of storing in the RLC transmission window and RLC reception window for all radio bearers.
4.3
Parameters independent of UE Category

4.3.1
PDCP Parameters
4.3.1.1
Supported ROHC profiles

This parameter defines which ROHC profiles from the list below are supported by the UE. 

-
0x0000 ROHC uncompressed (RFC 4995)

-
0x0001 ROHC RTP (RFC 3095)

-
0x0002 ROHC UDP (RFC 3095)

-
0x0003 ROHC ESP (RFC 3095)

-
0x0004 ROHC IP (RFC 3843)

-
0x0006 ROHC TCP (RFC 4996)

-
0x0101 ROHCv2 RTP 

-
0x0102  ROHCv2 UDP 

-
0x0103 ROHCv2 ESP

-
0x0104 ROHCv2 IP

A UE that supports one or more of the listed ROHC profiles shall support ROHC profile 0x0000 ROHC uncompressed (RFC 4995).

'IMS capable UEs supporting voice' shall support ROHC profiles 0x0000, 0x0001, 0x0002, 0x0004.

4.3.1.2
Maximum number of ROHC context sessions (FFS)
This parameter defines the maximum number of header compression context sessions supported by the UE.
Editor's note:
It is FFS is this UE capability parameter is required.

4.3.2
RLC parameters



4.3.3
Void
6 Appendix A: simulation results

In addition, we have performed some initial simulations with slightly more difficult operating conditions in order to evaluate if the required buffer sizes will be sufficient in all conditions. More specifically, we have evaluated the used RLC TX and RX buffer sizes with following configuration:

HARQ BLER: 20 % for 1st transmission, 10% for 2nd, 1% for 3rd and 0.1% for 4th transmission. HARQ failure happens if 4th transmission fails

NACK to ACK error probability is 0.1 %

Reverse link is a lossless channel with a random delay of 4-18 ms

Traffic model generates traffic consisting of download of 200 Mbyte objects.
Internet delay is set to 15 ms each way.

The data rate of the link is fixed and equals the maximum data rate supported by the UE category. 
The simulation results are shown in the Figures 1 and 2 below. It can be seen that the buffer sizes calculated from the requirement to sustain maximum data rate for one round trip time, are sufficient even when HARQ residual errors are introduced in the downlink. For uplink, the calculated buffer sizes are exceeded for roughly 10% of the cases. However, due to dynamic sharing of the RX and TX memory, it is expected that the total UE memory size is not exceeded in normal operating conditions 


[image: image2]
Figure 1: The RLC RX buffer occupancy for UE categories 1-5.


[image: image3]
Figure 2: The RLC TX buffer occupancy for UE categories 1-5. Note that the Cat4 in the Figure corresponds to Category 5 and that the real category 4 has the same uplink data rate as category 3.


























































































































































































































































































































































































































































































































































































































































































































































































































































2/7


[image: image4.emf]CCDF of Receiver buffer
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[image: image5.emf]CCDF of Transmitter buffer (pending RLC PDUs)
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				DL rate [bpms]		UL rate [bpms]		RLC RTT		RLC RX window size [kbytes]		RLC TX window size [kbytes]		Total buffer 
size [kbytes]

		Category 1		10040		5032		75		92		46		138

		Category 2		50000		25008		75		458		229		687

		Category 3		100000		50000		75		916		458		1373

		Category 4		150112		50000		75		1374		458		1832

		Category 5		300064		75056		75		2747		687		3434
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