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Introduction
This contribution proposes a refined definition of standardized Label Characteristics to be included into TS 23.401 ‎[1].
Discussion
It has been our goal that the text proposal itself should not require any additional discussion text that could have been included in this section. 
	Name of
Label Characteristic
	Bearer Type
	eNB Packet Delay Budget
(UL or DL)
	RLC Packet Loss Rate
(UL or DL)
	Example Services

	LC-1
	Non-GBR
	Low
(< 50 ms)
	Low
(< 10^-6)
	NRT:
SIP/SDP
RT:
Gaming

	LC-2
	Non-GBR
	Medium
(< 100 ms)
	High
(< 10^-3)
	NRT:
TCP interactive
RT:
Voice, Video (live)

	LC-3
	Non-GBR
	High
(< 300 ms)
	Low
(< 10^-6)
	NRT:
TCP bulk data
RT:
Video (playback)

	LC-4
	GBR
	Low
(< 50 ms)
	Low
(< 10^-6)
	NRT:

RT:
Gaming

	LC-5
	GBR
	Medium
(< 100 ms)
	High
(< 10^-3)
	NRT:

RT:
Voice, Video (live)

	LC-6
	GBR
	High
(< 300 ms)
	Low
(< 10^-6)
	NRT:

RT:
Video (playback)


Beyond the text proposal we also propose to include into TS 23.401 a table of Label Characteristics. However, before including such a table into TS 23.401 we believe that RAN2 and SA4 should be involved into the discussion as proposed in the conclusion section.

Through discussions among our Ericsson internal SA2, RAN2, and SA4 teams we have developed the table above as a first proposal. The following bullets are intended as a motivation for the table.
· An operator would choose GBR bearers for services where the preferred user experience is “service blocking over service dropping”, i.e., rather block a service request than risk degraded performance of an already admitted service request, in scenarios where it may not be possible to meet the demand for those services with the dimensioned capacity (e.g., at “new year’s eve”). Whether a service is realized based on GBR bearers or Non-GBR bearers is therefore an operator policy decision that to a large extent depends on expected traffic load vs. dimensioned capacity. Assuming sufficiently dimensioned capacity any service can be realized based only on Non-GBR bearers. We therefore believe that each standardized Label Characteristic should be specified twice: for bearer type GBR and for bearer type Non-GBR.
· We believe that Real Time (RT) and Non Real Time (NRT) services can be grouped into the proposed six categories for which the same Label Characteristic is applicable / appropriate.

· We do not believe that GBR bearers are an appropriate choice for NRT services since NRT services may often have long and possibly unpredictable idle periods which may then lead to unnecessarily blocked network resources.

· We believe that it is important to clearly distinguish between congestion related and non congestion related packet drops as described in the text proposal. For that reason we propose to rename the currently agreed “loss tolerance” to “RLC packet loss rate” with the definition provided in the text proposal.

· The proposed values for ‘eNB packet delay budget’ and ‘RLC packet loss rate’ have been derived from the proposed service categories. Note that TCP’s congestion control algorithm becomes increasingly sensitive to non congestion related packet drops as the end-to-end bit rate increases. To fully utilize “LTE bit rates” TCP bulk data transfers will require a non congestion related packet drop rate of less than 10^-6.
Conclusion
Based on the discussion section, it is proposed that SA2 agrees to the following text proposal. Furthermore, it is proposed that SA2 sends 

· an LS to RAN2 asking for confirmation that a Label Characteristic as defined by SA2 provides sufficient information for the pre-configuration of the user plane functions of an eNB, and 

· an LS to SA4 asking for confirmation that the six Label Characteristics proposed in the table in the discussion section cover foreseeable service requirements.

Text Proposal for TS 23.401 ‎[1]
4.6.2
Bearer level QoS parameters

Each SAE bearer (GBR and Non-GBR) is associated with the following bearer level QoS parameters. 

· Label
· Allocation and Retention Priority (ARP)
A Label is a scalar that is used as a reference to eNB-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, RLC configuration, etc.), and that have been pre-configured by the operator owning the eNB. In the specifications each Label has a default association with one of the standardized Label Characteristics (see Section 4.6.3). Multiple Labels can point to the same Label Characteristic. 
Editor's Note:
This needs to be clarified at a later stage: In the non-roaming case, the value of QCI signalled on S7 is identical to the value of Label signalled on S1. 

NOTE:
On the radio interface and on S1, each PDU (e.g., RLC PDU or GTP-u/UDP/IP PDU) is indirectly associated with one Label via the bearer identifier carried in the PDU header. The same applies to the S5 and S8 interfaces in case they are based on GTP-u. 


The primary purpose of ARP is to decide whether a bearer establishment / modification request can be accepted or needs to be rejected in case of resource limitations (typically available radio capacity in case of GBR bearers). In addition, the ARP can be used (e.g. by the eNB) to decide which bearer(s) to drop during exceptional resource limitations (e.g., at handover). Once successfully established, a bearer's ARP shall not have any impact on bearer level packet forwarding treatment (e.g. scheduling and rate control). Such packet forwarding treatment should be solely determined by the other bearer level QoS parameters: Label, GBR, MBR, and AMBR.

NOTE:
The ARP should be understood as "Priority of Allocation and Retention"; not as "Allocation, Retention, and Priority". A more precise definition of ARP, e.g. the encoding of 'retention', is left FFS. 

Each GBR bearer is additionally associated with the following bearer level QoS parameters. 

· Guaranteed Bit Rate (GBR)
· Maximum Bit Rate (MBR)
The GBR denotes the bit rate that can be expected to be provided by a GBR bearer. The MBR limits the bit rate that can be expected to be provided by a GBR bearer (e.g. excess traffic may get discarded by a rate shaping function). The MBR may be greater than or equal to GBR for a particular GBR bearer.
NOTE:
Whether a Non-GBR bearer may also be associated with an MBR is FFS. 


NOTE:
Rate-adaptation schemes are FFS. 

Each UE is associated with the following bearer level QoS parameter. 

· Aggregate Maximum Bit Rate (AMBR)
Multiple SAE bearers of the same UE can share the same AMBR. That is, each of those SAE bearers could potentially utilize the entire AMBR, e.g. when the other SAE bearers do not carry any traffic. The AMBR limits the aggregate bit rate that can be expected to be provided by the SAE bearers sharing the AMBR (e.g. excess traffic may get discarded by a rate shaping function). AMBR applies to all Non-GBR SAE Bearers of a UE. GBR SAE Bearers are outside the scope of AMBR.

NOTE:
Further details related to the scope and the signalling of AMBR are FFS. 

The GBR and MBR denote bit rates of traffic per bearer while AMBR denotes a bit rate of traffic per group of bearers. Each of those three bearer level QoS parameters has an uplink and a downlink component. On S1_MME the values of the GBR, MBR, and AMBR refer to the bit stream excluding the GTP-u/UDP/IP header overhead on S1_U.
NOTE:
A more precise definition of GBR, MBR, and AMBR, e.g. whether those parameters only denote a bit rate or additionally also a token bucket size, is left FFS. 

4.6.3
Standardized Label Characteristics

A Label Characteristic (LC) describes the bearer level packet forwarding treatment that is expected from an eNB. A standardized LC comprises the following elements: (1) bearer type (GBR or Non-GBR), (2) eNB packet delay budget (UL + DL), and (3) RLC packet loss rate (UL + DL). An LC is not signaled on any interface.
	Name of
Label Characteristic
	Bearer Type
	eNB Packet Delay Budget
(UL or DL)
	RLC Packet Loss Rate
(UL or DL)
	Example Services

	LC-1
	Non-GBR
	FFS
	FFS
	NRT:

RT:

	LC-2
	Non-GBR
	FFS
	FFS
	NRT:

RT:


	LC-3
	Non-GBR
	FFS
	FFS
	NRT:

RT:


	LC-4
	GBR
	FFS
	FFS
	NRT:

RT:


	LC-5
	GBR
	FFS
	FFS
	NRT:

RT:


	LC-6
	GBR
	FFS
	FFS
	NRT:

RT:



Table 4.6-X Standardized Label Characteristics

The bearer type determines if dedicated network resources related to a Guaranteed Bit Rate (GBR) value that is associated with an SAE bearer are permanently allocated (e.g. by an admission control function in the eNB) at SAE bearer establishment/modification (see Section 4.6.1). Thus, the bearer type implies the probability of congestion related packet drops that a traffic source may expect to experience. This is outlined further below. 

NOTE:
An operator would choose GBR bearers for services where the preferred user experience is “service blocking over service dropping”, i.e., rather block a service request than risk degraded performance of an already admitted service request, in scenarios where it may not be possible to meet the demand for those services with the dimensioned capacity (e.g., at “new year’s eve”). 

The eNB packet delay budget denotes a soft upper bound for the time that may elapse between when a PDCP SDU (e.g., an IP packet) is received by the PDCP sender until the PDCP SDU is successfully delivered by the PDCP receiver to the network layer (e.g., IP). For a certain LC the value of the eNB packet delay budget is the same in uplink and downlink. 

NOTE:
The eNB packet delay budget could be viewed as “desired end-to-end performance / user experience will not be impacted if a packet is not delayed any longer” while the transfer delay as defined in TS 23.107 could be viewed as “little / no value of a packet for the receiving end-point if delayed longer”.

The purpose of the eNB packet delay budget is to support the configuration of scheduling and ARQ functions, e.g., the setting of scheduling priority weights and HARQ target operating points. The eNB packet delay budget denotes a soft upper bound in the sense that an “expired” PDCP SDU, i.e., a PDCP SDU that has exceeded the eNB packet delay budget, does not need to be discarded (e.g., by RLC). This is because certain transport and application layer receivers may benefit from “late” packet arrivals (e.g., TCP, and certain voice and video codecs). The discarding (dropping) of packets is expected to be controlled by a queue management function, e.g., based on pre-configured dropping thresholds.
In general, congestion related packet drop rates and per packet delays can not be controlled precisely for Non-GBR traffic. Both metrics are mainly determined by the ratio of ‘current Non-GBR traffic load’ to ‘dimensioned Non-GBR capacity’, the UE’s current radio channel quality, and the configuration of user plane packet processing functions (e.g., scheduling, queue management, and rate shaping). Sources running on a Non-GBR bearer should therefore be prepared to experience congestion related packet drops and/or per packet delays that may exceed a given eNB packet delay budget. This may for example occur during traffic load peaks or when the UE becomes coverage limited. 

Sources running on a GBR bearer and sending at a rate smaller than or equal to GBR can assume with high confidence that congestion related packet drops will not occur, and that per packet delays will not exceed a given eNB packet delay budget. Exceptions (e.g. transient link outages) can always occur in a radio access system. The fraction of traffic sent on a GBR bearer at a rate greater than GBR may be treated like traffic on a Non-GBR bearer. 

The RLC packet loss rate determines the rate of RLC SDUs that have been processed by the RLC sender but that are not successfully delivered by the RLC receiver to the PDCP layer. Thus, the RLC packet loss rate denotes a non congestion related packet drop rate. The purpose of the RLC packet loss rate is to allow for appropriate RLC and HARQ configurations. For a certain LC the value of the RLC packet loss rate is the same in uplink and downlink.

4.6.4
SAE Bearer establishment and modification
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