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This contribution discusses and proposes further principles and details for the standardized label characteristics.

1. Introduction

The current version of TS 23.401 (v1.0.0) contains a first draft of a table intended to cover the standardized label characteristics which shall be supported by LTE. This contribution continues the discussion about the principles of defining label characteristics and the relevant parameters. The discussion is concluded with a proposal for an update of the table including some guiding values for the parameters of the different label characteristics. Once SA2 agreed on the structure and the specific values of the parameters, the table should be sent to the RAN groups for evaluation regarding feasibility and completeness.
2. Discussion

2.1. General Structure
There should be two main principles considered for the design of the general structure of the label characteristics table. Firstly, the handover between LTE and 3G legacy (UMTS) would benefit from having a simple one to one mapping between LTE and 3G bearers. That means, the label characteristics should be defined to a large extent according to the UMTS traffic classes and the main characteristics of the most typical legacy radio bearers. Secondly, the number of different label characteristics should be kept as low as possible to limit the overall complexity and configuration efforts. The combination of both aspects leads to a table that comprises exactly one label characteristics for each of the UMTS traffic classes. 
Furthermore, the new capabilities of LTE should as well be reflected in case there are corresponding application requirements. Based on the currently existing applications one could derive a requirement for a Radio L2 delay which is considerably lower than what is required for voice over IMS. This requirement comes from realtime gaming applications. Consequently, it would make sense to add at least one more label characteristics to accommodate for such applications and to reflect the improved QoS capabilities of LTE.
2.2. Parameters 

We believe that the addition of two more parameters to the label characteristics would be beneficial. A priority parameter for the non-GBR label characteristics would simplify the applicability of a relative prioritization mechanism among the non-GBR labels. Applications using different priorities would experience differing treatment of their traffic especially in situations when the load of the cell increases. By this, operators can ensure that the cell capacity that is available for non-GBR traffic is used in a strictly prioritized manner. It should be noted, that it is still possible to have a “priority bitrate” configured for each of the non-GBR label characteristics to reduce the probability of service starvation for the labels with a lower priority. For GBR bearers a priority information is of no advantage as for them resources are reserved and thus typically the arriving traffic corresponds to the available resources.
The UMTS traffic class could be added as another parameter. It could be understood rather as an informal parameter like the example services but as well used directly for the mapping between LTE and 3G.

On the other hand, we believe that the parameter bearer type (i.e. GBR or non GBR) does not need to be encoded explicitly.

2.3 Guaranteed and Informative Parameters

The parameters for each of the label characteristics, i.e. especially the values for the radio L2 delay and the radio L2 packet loss are classifying the QoS which the traffic transferred on this bearer will typically receive. The experienced QoS level can of course be degraded by some unpredictable radio situations that cannot be prevented due to the nature of the air interface. However, it can be expected that the radio network is planned and configured in such a way that typically the parameters are fulfilled. It should be pointed out that the radio L2 delay and packet loss parameters are not independent. Without going into the details of the radio, it is easily understood that there are tradeoffs with guaranteeing L2 delay and a L2 packet loss requirements. This is due to the simple fact that if packet delivery is not delay-limited, packet loss rate can be reduced e.g. by increasing the number of maximum retransmissions or by delaying the scheduling of the packet until the radio channel quality is sufficient. For packets with strict delay requirements, these methods for improving packet loss rate are not available and meeting a specific packet loss rate requires more radio resources. As there is a dependence between the parameters, it makes only sense to define per label characteristics the parameter which needs to be guaranteed and the parameter that has a more informative character, i.e. giving some guidance for the application or the radio about what values are to be expected or desired. Nevertheless, it should be clear that the informative parameter is by no means binding and an application should never rely on the value of the informative parameter. 
Looking at the natural separation of the label characteristics into GBR and non-GBR, the relation between L2 delay and L2 packet loss is the following: for GBR labels the L2 delay parameter is of course the one that needs to be guaranteed as it represents the main criteria for real-time applications. The L2 packet loss on the other hand represents more or less the flexibility of the application regarding packet losses and should be used as a guiding parameter for selecting the appropriate error handling mechanisms. For non GBR the relevance of the two parameters is vice versa. The L2 packet loss plays the main role for non-realtime applications. The L2 delay parameter can be used by the radio as an input for a common scheduling mechanism, i.e. to decide how urgent the transfer of the packet is or whether the scheduler could wait for better radio link conditions.
It should be noted that although these parameters impact the actual decision to discard packets at L2, the decision as such is a radio resource management issue (and thus an implementation issue) and not determined by the delay requirement. This does of course not preclude that especially the L2 delay for GBR labels could play a role in this decision.
2.4. Concrete or Coarse Values
There are two alternatives for defining the values of the parameters, concrete or coarse values. We believe that concrete values should be supported for the main parameter of each label characteristics as this is the parameter that needs to be guaranteed and on which the applications built on. For the other parameter which plays more a supportive role the definition of coarse values would be sufficient. We therefore propose concrete values for the L2 delay of the GBR labels and for the L2 packet loss of the non GBR labels.
2.5. Guiding Values

The values that are proposed in the table have been taken out of the existing value ranges of the UMTS traffic classes. Furthermore, we tried to apply a reasonable structure to achieve a certain order and usage differentiation between the several label characteristics. The values for the L2 delay should exactly represent what is required from a real-time application perspective and what is currently provided by the UMTS reference bearers. On the other hand, the L2 packet loss values should be considered more or less as guiding values for further discussion, especially within the RAN groups.
3. Proposal

Based on the discussion above we propose to update the first version of the table accordingly as follows. In case this proposal is accepted, an LS to the RAN groups should be sent for evaluation regarding feasibility and completeness of the table.
Start of changes
Annex B (Informative):
Standardized QCI/Label Characteristics – Rationale and Principles

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	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 


Table B-1 Standardized QCI/Label Characteristics

Note 1: New values offered by LTE could justify the addition of new lines. This is FFS. 

Note 2: In label 2, the L2 packet delay of 50ms applies for E-UTRAN, while for UTRAN 80 ms should be expected.
Editor's note:
FFS: Need for a strict priority for Non-GBR Label Characteristics.

Editor's note:
Table B-1 is work in progress, the ultimate goal is to specify a table of Label Characteristics that is normative.

The following bullets capture design rationale and principles with respect to standardized Label Characteristics:

-
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 current Non-GBR traffic load, the UE's current radio channel quality, and the configuration of user plane packet processing functions (e.g. scheduling, queue management, and rate shaping). That is the reason why sources running on a Non-GBR bearer should be prepared to experience congestion related packet drops and/or per packet delays that may exceed a given L2 PDB. The discarding (dropping) of packets is expected to be controlled by a queue management function, e.g. based on pre-configured dropping thresholds, and is relevant mainly for Non-GBR bearers. The discarding (dropping) of packets on GBR bearers should be considered to be an exception.

-
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. This may be relevant in scenarios where it may not be possible to meet the demand for those services with the dimensioned capacity (e.g. on "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, both Real Time (RT) and Non Real Time (NRT), can be realized based only on Non-GBR bearers. 

-
Note that TCP's congestion control algorithm becomes increasingly sensitive to non congestion related packet losses (that occur in addition to congestion related packet drops) as the end-to-end bit rate increases. To fully utilise "EUTRA bit rates" TCP bulk data transfers will require an L2 PLR of less than 10-6.
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