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1. Introduction

This paper discusses issues related to EPS Quality of Service GBR/MBR rate handling when dedicated EPS bearer is being established or modified. 
2. Discussion

When a dedicated bearer is activated by the network, PDN GW uses this QoS policy to assign the EPS Bearer QoS including GBR and MBR. The PDN GW sends a Create Bearer Request message to the Serving GW with the assigned EPS Bearer QOS. The MME then builds a Session Management Request with mapped EPS Qos and signals the Bearer Setup Request to the eNodeB as shown below:
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In above step 3, Create Bearer Request includes list of Bearer Contexts IEs which represent the list of bearers to be established, one of the parameter in the Bearer Context is the Bearer Level Qos which includes the QCI, MBR/GBR for uplink and MBR/GBR for downlink as specified in 29.274:

	Octets 1
	
	Bearer Context IE Type = 93 (decimal)
	
	

	Octets 2 and 3
	
	Length = n
	
	

	Octets 4
	
	Spare and Instance fields
	
	

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	EPS Bearer ID
	M
	This IE shall be set to 0.
	EBI
	0

	TFT
	M
	This IE can contain both uplink and downlink packet filters to be sent to the UE or the TWAN/ePDG.
	Bearer TFT
	0

	...
	
	
	
	

	Bearer Level QoS
	M
	
	Bearer QoS
	0

	…
	
	
	
	


	
	
	Bits
	

	
	Octets
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	1
	Type = 80 (decimal)
	

	
	2-3
	Length = n
	

	
	4
	Spare
	Instance
	

	
	5
	Spare
	PCI
	PL
	Spare
	PVI
	

	
	6
	Label (QCI)
	

	
	7 to 11
	Maximum bit rate for uplink
	

	
	12 to 16
	Maximum bit rate for downlink
	

	
	17 to 21
	Guaranteed bit rate for uplink
	

	
	22 to 26
	Guaranteed bit rate for downlink
	

	
	27 to (n+4)
	These octet(s) is/are present only if explicitly specified
	


According to 29.274, all uplink and downlink MBR and GBR fields are encoded as binary value in kilobits per second. 5 octets means that the maximum value for MBR and GBR for both uplink and downlink direction can be up to 1 Gb/s (1048575kb/s):
The UL/DL MBR and GBR fields are encoded as kilobits per second (1 kbps = 1000 bps) in binary value. For non-GBR bearers, both the UL/DL MBR and GBR should be set to zero. The range of QCI, Maximum bit rate for uplink, Maximum bit rate for downlink, Guaranteed bit rate for uplink and Guaranteed bit rate for downlink are specified in 3GPP TS 36.413 [10].

NOTE:
The encoding in 3GPP TS 24.301 [23] and 3GPP TS 36.413 [10] is different from the encoding within this specification.
However encoding of MBR/GBR rates at the subsequent UE NAS and eNB S1 interfaces is different.  29.274 does give a hint on this as can be seen in the Note above. The resulting issue is explained below: 
1). When the MME builds a Session Management Request, it includes the EPS QoS IE and derived PDP context parameters QoS Negotiated if the UE has UTRAN or GERAN capabilities and the network supports mobility to UTRAN or GERAN:
Table 8.3.3.1: ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	EPS bearer identity
	EPS bearer identity

9.3.2
	M
	V
	1/2

	
	EPS QoS
	EPS quality of service

9.9.4.3
	M
	LV
	2-14

	
	…
	
	
	
	

	30
	Negotiated QoS
	Quality of service

9.9.4.12
	O
	TLV
	14-22

	
	…
	
	
	
	


EPS quality of service IE is used to specify the QoS parameters for an EPS bearer context. It includes the MBR/GBR and extended MBR/GBR for uplink and downlink. 
	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS quality of service IEI
	octet 1

	Length of EPS quality of service contents
	octet 2

	QCI
	octet 3

	Maximum bit rate for uplink
	octet 4*

	Maximum bit rate for downlink
	octet 5*

	Guaranteed bit rate for uplink
	octet 6*

	Guaranteed bit rate for downlink
	octet 7*

	Maximum bit rate for uplink (extended)
	octet 8*

	Maximum bit rate for downlink (extended)
	octet 9*

	Guaranteed bit rate for uplink (extended)
	octet 10*

	Guaranteed bit rate for downlink (extended)
	octet 11*

	Maximum bit rate for uplink (extended-2)
	octet 12*

	Maximum bit rate for downlink (extended-2)
	octet 13*

	Guaranteed bit rate for uplink (extended-2)
	octet 14*

	Guaranteed bit rate for downlink (extended-2)
	octet 15*


MBR/GBR and extended MBR/GBR for uplink and downlink are the mapped values from Bearer Level Qos that is received from Create Bearer Request. According to 24.301:

· If MBR/GBR from Bearer Level Qos is less then 8640 kbps, then MBR/GBR fields are used. 
· If MBR/GBR indicated by Bearer Level Qos is higher than 8640 kbps, the additional octets 8-11 are used.
· If MBR/GBR indicated by Bearer Level Qos is higher than 256 Mbps, then the additional octets 12-15 are used:

Maximum bit rate for uplink, octet 4 (see 3GPP TS 23.107 [5])
Bits

8 7 6 5 4 3 2 1

…
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The maximum bit rate is binary coded in 8 bits, using a granularity of 1 kbps
giving a range of values from 1 kbps to 63 kbps

The maximum bit rate is 64 kbps + ((the binary coded value in 8 bits — 01000000) * 8 kbps)
giving a range of values from 64 kbps to 568 kbps

The maximum bit rate is 576 kbps + ((the binary coded value in 8 bits — 10000000 * 64 kbps)
giving a range of values from 576 kbps to 8640 kbps

Okbps




Maximum bit rate for downlink, octet 5 (see 3GPP TS 23.107 [5])


Coding is identical to that of maximum bit rate for uplink.

Guaranteed bit rate for uplink, octet 6 (see 3GPP TS 23.107 [5])


Coding is identical to that of maximum bit rate for uplink.

Guaranteed bit rate for downlink, octet 7 (see 3GPP TS 23.107 [5])


Coding is identical to that of maximum bit rate for uplink.
…
Maximum bit rate for uplink (extended), octet 8
Bits
8 7 6 5 4 3 2 1

[image: image3.png]In UE to network direction and in network to UE direction;,
00000000 Use the value indicated by the maximum bit rate for uplink in octet 4.

Forall other values: ignore the value indicated by the maximum bit rate for uplink n octet 4

and use the following value;
00000001 The maximum bit rate is 8600 kbps + (the binary coded value in 8 bits) * 100 kbps).
to giving a range of values from 8700 kbps to 16000 kbps *
01001010
01001011  The maximum bit rate is 16 Mbps + (the binary coded value in 8 bits - 01001010) * 1 Mbps).
to giving a range of values from 17 Mbps to 128 Mbps in
10111010

10111011  The maximum bit rate is 128 Mbps + (ithe binary coded value in 8 bits - 10111010) * 2 Mbps),
to giving a range of values from 130 Mbps to 256 Mbps
11111010




…..
[image: image4.png]Maximum bit rate for uplink (extended-2), octet 12

Bits

87654321

In UE to network direction and in network to UE direction

00000000  Use the value indicated by the Maximum bit rate for uplink in octet 4 and octet 8.

Forall other values: Ignore the value indicated by the Maximum bit rate for upink in octet 4 and
octet 8 and use the following value:

00000001 The maximum bit rate is 256 Mbps + ((the binary coded value in 8 bits) * 4 Mbps),
00111101  givinga range of values from 260 Mbps to 500 Mbps

00111110 The maximum bit rate is 500 Mbps + ((the binary coded value in 8 bits - 00111101) * 10 Mbps),
10100001  givinga range of values from 510 Mbps to 1500 Mbps

10100010  The maximum bit rate is 1500 Mbps + ((the binary coded value in 8 bits - 10100001) * 100 Mbps).
11110110  givinga range of values from 1600 Mbps to 10 Gbps




Issue:
This encoding method creates an issue. That is NAS EPS QoS can only signal GBR/MBR values in rate increments, while the requested rates from GTP uses the actual rates.  For example, if the MME receives 69k MBR/GBR value from SGW/PGW in either a Create_Bearer_Request or Update_Bearer_Request, what MBR/GBR rate should 69k be mapped to?  Currently there is no clear guidance provided in 24.301.
There are only 2 possible ways to handle this:

· round "down" the rate:  then the MBR/GBR rates would be 64 kbps

· round "up" the rate: In this case the MBR/GBR rates to be used would be 72 kbps.

Given that 69 kbps is the rate that represent the service level agreement guarantee, it makes sense to round "up" the rate to ensure that the service level agreement is met.

Proposal:

It is proposed to clarify in 24.301 that when encoding the EPS Qos GBR/MBR parameters at the NAS interface, the MME shall round up the rate requested to the nearest increment.

2).  For S1 interface, E-RAB level QoS parameters IE which is included in the Bearer Setup Request from the MME to the eNodeB specifies the E-RAB Maximum Bit Rate and Guaranteed Bit Rate for uplink and downlink using bit per second (bps) via the GBR Qos Information: 

9.2.1.18
GBR QoS Information

This IE indicates the maximum and guaranteed bit rates of a GBR bearer for downlink and uplink.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-RAB Maximum Bit Rate Downlink
	M
	
	Bit Rate 9.2.1.19
	Desc.: This IE indicates the maximum downlink E-RAB Bit Rate as specified in TS 23.401 [11] for this bearer.

	E-RAB Maximum Bit Rate Uplink
	M
	
	Bit Rate 9.2.1.19
	Desc.: This IE indicates the maximum uplink E-RAB Bit Rate as specified in TS 23.401 [11] for this bearer.

	E-RAB Guaranteed Bit Rate Downlink
	M
	
	Bit Rate 9.2.1.19
	Desc.: This IE indicates the downlink guaranteed E-RAB Bit Rate as specified in TS 23.401 [11] (provided that there is data to deliver) for this bearer.

	E-RAB Guaranteed Bit Rate Uplink
	M
	
	Bit Rate 9.2.1.19
	Desc.: This IE indicates the uplink guaranteed E-RAB Bit Rate as specified in TS 23.401 [11] (provided that there is data to deliver) for this bearer.


9.2.1.19
Bit Rate

This IE indicates the number of bits delivered by E-UTRAN in UL or to E-UTRAN in DL within a period of time, divided by the duration of the period. It is used, for example, to indicate the maximum or guaranteed bit rate for a GBR bearer, or an aggregated maximum bit rate.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Bit Rate
	
	
	INTEGER (0..10,000,000,000)
	The unit is: bit/s.


Issue:
Specify the rates in bit per second (bps) is not an issue by itself. For example, in case the MME receives the MBR/GBR values from SGW/PGW that falls between 2 increments, say 69 kbps, the MME can indicate 69000 bps in the GBR Qos Information in E-RAB level QoS parameters IE. However, given that the rates specified for NAS interface can only be in increments, if the MME rounds up the rate requested to the nearest increment (in the example above, to 72 kbps), then it would also make sense for the MME to indicate 72000 bps in the GBR Qos Information in E-RAB level QoS parameters IE.

Proposal:
MBR/GBR rates specified in 36.413 S1 interface in E-RAB level QoS parameters IE should match the MBR/GBR rates indicated in NAS interface.
It is proposed to send an LS to RAN3 to indicate that such alignment is needed so that QoS parameters indicated to eNB at S1 interface can support the QoS indicated to UE in NAS interface.
3). As explained in 1), a "Negotiated QoS" IE is included in ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST message. This derived PDP context parameter is needed in case the UE has UTRAN or GERAN capabilities and the network supports mobility to UTRAN or GERAN. This parameter may also be included in Activate Default EPS Bearer Context Request and Modify EPS Bearer Context Request messages. 

"Negotiated QoS" IE is defined based on QoS IE specified in TS 24.008 section 10.5.6.5. The encoding of the rates is also based on increments. There are already some requirements on rate mapping for all the extended MBR/GBR uplink/downlink rates (octet 15-22) however they are somewhat ambiguous. For the network to the MS direction, it seemly says to map to one of the values, but does not specify round up or down. For the MS to the network direction, it specifies that mapping should be made to the maximum value, which seems to mean "round up", but it is not clear what the maximum value is. 
Maximum bit rate for downlink (extended), octet 15
Bits
8 7 6 5 4 3 2 1
In MS to network direction and in network to MS direction:
0 0 0 0 0 0 0 0
Use the value indicated by the Maximum bit rate for downlink in octet 9.






For all other values: Ignore the value indicated by the Maximum bit rate for downlink in octet 9





and use the following value:
0 0 0 0 0 0 0 1
The maximum bit rate is 8600 kbps + ((the binary coded value in 8 bits) * 100 kbps),
0 1 0 0 1 0 1 0
giving a range of values from 8700 kbps 
to 16000 kbps in 100 kbps increments.


0 1 0 0 1 0 1 1
The maximum bit rate is 16 Mbps + ((the binary coded value in 8 bits - 01001010) * 1 Mbps),
1 0 1 1 1 0 1 0
giving a range of values from 17 Mbps to 128 Mbps in 1 Mbps increments.


1 0 1 1 1 0 1 1
The maximum bit rate is 128 Mbps + ((the binary coded value in 8 bits - 10111010) * 2 Mbps),
1 1 1 1 1 0 1 0
giving a range of values from 130 Mbps to 256 Mbps in 2 Mbps increments.

If the sending entity wants to indicate a Maximum bit rate for downlink higher than 256 Mbps, it shall set octet 15 to "11111010", i.e. 256 Mbps, and shall encode the value for the maximum bit rate in octet 19.

The network shall map all other values not explicitly defined onto one of the values defined in this version of the protocol. The network shall return a negotiated value which is explicitly defined in this version of the protocol.

The MS shall map all other values not explicitly defined onto the maximum value defined in this version of the protocol.

Issue:
Since "Negotiated QoS" IE may be included in the same message as the "EPS QoS" IE, it may be confusing to have it encoded in a different way from "EPS QoS" IE. It may be preferred to have both IE encoded in the same way (all "round up").

Question:
Do we need to update 24.008 the handling for encoding QoS IE GBR/MBR rates to align with handling proposed for EPS QoS IE?

3. Conclusion

It is proposed that CT1 has further discussion on the issues and proposals/questions above.  Corresponding 24.301 CR is provided in C1-131978.
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