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1.  Introduction
In SA2#58 meeting, SA2 has agreed on a detailed definition of Label Characteristics. The agreements are captured in [1] which is being sent to RAN2 together with LS [2] for information. 

This contribution aims to provide our view on the interpretation of label characteristics with respect to the agreed starvation avoidance and prioritisation of non-GBR bearers.  

2. Label Characteristics 
The Label characteristics represent a set of standardized parameters that are used in order to define the forwarding treatment that is expected to apply by the eNodeB to the traffic corresponding to an EPS bearer. The Label characteristics would be used to assist the eNodeB manufacturers to define the proprietary set of scheduling algorithms, coding schemes, buffer policies etc that would need to be implemented in eNodeB and also the their configuration parameters that would be set by the operator controlling the eNodeB. In other words the Label characteristics would need to provide all the necessary information to the eNodeB to define the low level settings that would define the forwarding treatment of the particular SDF(s) marked with a single Label value. 
It has been agreed to have one-to-one mapping of standardized label values to standardized label characteristics. A label is associated with each bearer. The following Label characteristics have been defined [1].
· Bearer type

· L2 Packet Delay Budget (L2 PDB)

· L2 Packet Loss Rate (L2 PLR)

Note that for non-GBR bearers, the L2 Packet Delay Budget (L2 PDB) denotes a “soft upper bound”. An example of standardized label characteristics is shown in [1].
Table 1: example of standardized label characteristics [1].

	Name of
QCI Characteristic
(Note 1)
	L2 Packet Delay Budget

	L2 Packet Loss Rate

	Example Services

	1 (GBR)
	< 50 ms
	High (e.g.10-1)
	Realtime Gaming

	2 (GBR)
	50 ms (80 ms) (Note 2)
	Medium (e.g.10-2)
	VoIMS

	3 (GBR)
	250 ms
	Low (e.g.10-3)
	Streaming

	4 (non-GBR)
	Low (~50 ms)
	e.g. 10-6
	IMS signalling

	5 (non-GBR)
	Low (~50ms)
	e.g. 10-3
	Interactive Gaming 

	6 (non-GBR)
	Medium(~250ms)
	e.g. 10-4
	TCP interactive 

	7 (non-GBR)
	Medium(~250ms)
	e.g. 10-6
	Preferred TCP bulk data 

	8 (non-GBR)
	High (~500ms)
	n.a.
	Best effort TCP bulk data 


In addition to the Label Value, each GBR bearer is associated with the following bearer level QoS parameters 
· Allocation and Retention Priority (ARP), 
· Guaranteed Bit Rate (GBR) and 
· Maximum Bit Rate (MBR).
These parameter values and the label value are signaled to the eNodeB during the bearer establishment.

For non-GBR bearer, Allocation and Retention Priority (ARP) is so far being defined in addition to the label value for each bearer..  

Additionally, each UE is associated with an Aggregate Maximum Bit Rate (AMBR). AMBR applies to all non-GBR EPS bearers of a UE for a specific PDN connection. Note that, the GBR and MBR are defined per bearer while AMBR denotes a bit rate of traffic per group of bearers (e.g. all non-GBR) belonging to the same PDN connection.
3. Prioritisation and starvation avoidance 
For GBR bearers, priorities and packet forwarding treatments can be determined by the bearer level QoS parameters: label value, GBR, and MBR. Note that primary purpose of ARP is to decide whether a bearer establishment can be accepted considering the resource availability. After the bearer establishment, ARP shall not be considered for decision of packet forwarding treatments. 

Several GBR bearers may share the same label value but have different GBR and MBR values. For example real time voice and video traffic can be mapped to label value: G-2 in Table 1. At the eNodeB scheduler, these bearers can be allocated with different scheduling priorities or with the same priority. See figure 1.
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Figure 1: an example of allocation of scheduling priorities for GBR bearers.
According to the current agreement in RAN2 [3], the eNodeB should assign a priority value and a prioritized bit rate (PBR) for each bearer. These parameters are required by the UE to perform the rate control and sharing of uplink resources between radio bearers.

For GBR bearers, the assignment of priority and PBR may be determined based on the values (Label, GBR and MBR) signaled over S1 and in particular the GBR. The UE manages the sharing of uplink resources between radio bearers taking into account the allocated priorities and PBR values.
For non-GBR bearers, the assignment of priorities and PBR can be determined solely by the EPS label value since there is no GBR or MBR defined for non-GBR bearers. i.e. one-to-one mapping between the label value and PBR and bearer priority.
Nevertheless several non-GBR bearers may share the same label value carrying either traffic with same traffic characteristics- Service Data Flows (SDFs) (e.g. two non-GBR EPS bearers carrying HTTP traffic) or different SDFs (e.g. real time voice and video traffic can be mapped to label value: NG-2  as for example in Table 1). As no other information is available at the eNodeB to differentiate the bearers, both bearers receive the same packet forwarding treatment at the eNodeB. In order to assist uplink resource sharing, a PBR value should be assigned to each bearer. Given the SDFs may have distinctive traffic rates, the associated PBR values may also need to be different . 
It is possible though that the PBR values may be pre-configured at the eNodeB. The mapping of these pre-configured PBR values to bearers should be based on the label characteristics given the agreements in SA2 that the label value itself is just scalar value used as a pointer with no semantics as this is the only bearer associated parameter is being signaled to the eNodeB. i.e. one-to-one mapping between the label value and PBR.

[image: image2]
Figure 2: an example of allocation of scheduling priorities for non-GBR bearers.
Therefore, if two bearers share the same label value, both bearers would be associated with the same PBR unless there is an additional label characterictic defined to allow the eNodeB to differentiate between the two. Furthermore, according to the SA2 agreement for one-to-one mapping between the label value and the label characteristics, if two bearers have the same bearer type, delay budget and packet loss rate requirements (label characteristics) as for real time voice and video applications, both bearers shall be associated with the same label hence the same PBR value. In other words, the non-GBR bearers can be allocated with different PBR values, only if they have different delay budget and packet loss rate requirements (label characteristics).

Clearly, the current definition of label characteristics does not facilitate differential forwarding treatments (prioritization) for non-GBR bearers mapped onto the same label value and fails to support the agreed starvation avoidance and UL scheduling mechanism in RAN2 but with small changes  for example an additional label characteristic indicating strict priority that would require allocation of “high” PBR value this issue might be resolved for the realistically foreseen “granularity” of PBRs without “system-wide” implications that would require signaling of the PBR from the CN.
3.
Conclusion 
In this contribution, we identified the limitation of agreed QoS parameters and defined label characteristics in SA2 in providing adequate support for the assignment of PBR values for non-GBR bearers which are required for operation of the agreed starvation avoidance and UL scheduling mechanism in RAN2. 

RAN2 is requested to discuss the content of this contribution and to agree the attached [draft] liaison to SA2
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1.
Description
Currently a one-to-one mapping between the label, label characteristics, PBR and scheduling treatment is assumed. RAN2 would like to enable operators to assign different PBRs to different non-GBR bearers having the same label characteristics (same L2 delay budget and packet loss rate) to achieve different scheduling treatments of the different bearers. For example, this would enable different PBRs to be assigned to http and ftp traffic and would even enable different PBRs to be assigned to different bearers carrying http traffic. In times of resource starvation (e.g. due to a deterioration in radio conditions) resources would be assigned and utilized based on the assigned PBR. In order to achieve this RAN2 believes that the EPC may need to provide some additional information to facilitate the scenarios described.
2.
Actions

To SA2:

SA2 is kindly requested to take note of the above and to inform RAN2 of any developments which would enable RAN2 to assign different PBRs to different non-GBRs having the same traffic characteristics.
3.
Date of Next Meetings
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