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Introduction

The work in SA2 on GCSE has revealed the need for the application to be able to communicate information to the eNB about characteristics of bearers that are not included in the original 9 QCI values. The open issue is how those characteristics should be communicated. One method proposed by Vodafone in SA2 #101bis is to create new QCI values. The other method under discussion is the use of separate indicators for each of the characteristics of interest.

This paper discusses how each of these methods would be used, compatibility issues, ease of implementation, and ease of extension in the future.

Characteristics of Interest

The set of characteristics of interest as a result of the GCSE work include:

· Burstiness of voice traffic, as is found in push-to-talk applications. A bearer can be considered to carry relatively continuous speech as is considered for QCI = 1, or it can have long periods of no content and then experience continuous speech for a variable period of time, followed by another period of no content of some variable length.

· Delivery importance, where serious problems can be caused in mission critical situations if the first part of a speech burst is not heard. This can be aided by creating an environment for the UE where it can be paged and be prepared to receive the content more quickly than normal. DRX values for idle and connected mode are important here, with the connected mode DRX value requiring input to the eNB from the network, rather than from the UE.

· Prioritization above other bearers of the same type. When an emergency situation occurs in MCPTT, it is desirable to notify the eNB that a particular bearer is very important. For example, the voice bearer for the fire chief may be considered more critical than the voice bearer for other fire personnel. The QCI for that bearer may not change, but with this knowledge of the critical nature of the bearer, the eNB may be able to ensure that the bearer is sent over the air interface.

Other bearer characteristics will likely also be noted as important to GCSE, MCPTT, and other features in Release 13 or future releases.

Separate Indicators Solution
The use of separate indicators involves the creation of separate optional parameters that are included in the QoS-Information AVP (TS 29.212 section 5.3.16) whose criticality is set to “ignore”. These parameters are carried with the existing QoS parameters from the PCRF to the PGW, SGW, MME, and eNodeB. Nodes that understand them will take them into account in their work. Nodes that do not understand them (non-upgraded nodes) will ignore them.

Let us examine how each node may need to treat the additional characteristic parameters identified above.

· Burstiness

· PGW: 
If we consider a QCI=1 voice bearer with an additional characteristic of “burstiness” added, the PGW would have no need to adjust its handling of the bearer. 

· SGW:
The SGW would have no need to adjust its handling of the bearer.

· eNB:
The eNB would note the “burstiness” characteristic and may be able to optimize the resource allocations it makes, for example, by statistically multiplexing multiple bursty QCI=1 bearers over the same radio resources, particularly in the uplink direction.

· MME:
The MME would likely not need to adjust its handling of the bearer.

· Delivery Importance

· PGW:
An indication that a particular bearer has a “high” delivery importance might be noted by the PGW without further action.

· SGW:
An indication that a particular bearer has a “high” delivery importance might be noted by the PGW without further action.

· eNB:
When the eNB notes a “high” delivery importance, it may set the connected mode DRX value for the bearer to a shorter period.

· MME:
When the MME notes a “high” delivery importance it might simply store that information without further action.

· Prioritization

· PGW:
When the PGW notes a higher prioritization value, it will use the ARP information for admission and retention as usual, but take internal actions to benefit delivery of that bearer’s content. For example, the PGW may choose to assign a different DSCP marking than usually assigned for the QCI for that bearer.

· SGW:
When the SGW sees a higher prioritization value, it may choose to do nothing different. Instead the SGW could rely on the PGW to manage the DSCP marking on downlink packets, and on the eNB on uplink packets.

· eNB:
When the eNB sees a higher prioritization value, it may take internal actions to assure that the content is transmitted/received with special resources handling.

· MME: 
When the MME sees a higher prioritization value, it might simply store that information without further action. The MME might also consider that information when establishing handovers, along with the normal ARP information.

What is important to note in the above is: 

· The optional handling of a characteristic by some network node. If the characteristic is not handled by a node, the bearer can continue, but with perhaps less optimal results. 
· The nodes may need to be upgraded to pass additional bearer characteristic parameters along (e.g., PGW to SGW) even when they are not understood.
· The ability to upgrade a network in stages, and not be forced to upgrade all nodes at one time.
· This technique is extensible in the future through the use of additional bearer characteristics, following the same method that they be made optional and can be ignored.
Use of New QCI Values Solution
The use of new QCI values to carry these new characteristics would be accomplished by imposing a multi-dimensional arrangement on the linear QCI name space. Thus, building on the descriptions of the three new characteristics above, we might see: (The QCI values A-L represent integer values from the QCI name space.)
	QCI
	Priority
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services and Comments

	1
	2
	100 ms
	10-2
	Conversational Voice

	A
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX – Small, 
Normal eNB queuing priority

	B
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX - Medium, 
Normal eNB queuing priority

	C
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX - Large, 
Normal eNB queuing priority

	D
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX - Small, 
High eNB queuing priority

	E
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX - Medium, 
High eNB queuing priority

	F
	2
	75 ms
	10-2
	PTT Voice, Connected Mode DRX - Large, 
High eNB queuing priority

	2
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	3
	50 ms
	10-3
	Real Time Gaming

	4
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	1
	100 ms
	10-6
	IMS Signaling

	G
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX – Small, 
Normal eNB queuing priority

	H
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX - Medium, 
Normal eNB queuing priority

	I
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX - Large, 
Normal eNB queuing priority

	J
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX - Small, 
High eNB queuing priority

	K
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX - Medium, 
High eNB queuing priority

	L
	1
	100 ms
	10-6
	PTT Signaling, Connected Mode DRX - Large, 
High eNB queuing priority


As can be noted from the table, the addition of “PTT burstiness” adds one dimension. The addition of 3 values of Connected Mode DRX multiplies the entries under PTT by 3, and the addition of normal/high eNB queuing priority multiplies again by 2. This results in 6 new QCI values to support these 3 added characteristics. It can be directly observed that addition of another characteristic having two possible values will result in 12 new PTT QCI values, 3 values would result in 24 new PTT QCI values, and so on.

If we consider the possibility of some of these characteristics applying to other base QCIs, it can be seen that the addition of bearer characteristics will also result in multiple new QCI values.

Let us now consider the impact on the EPS nodes:

· PGW:
The PGW will be presented with a new set of QCI values whose characteristics may differ from the original QCI=1 and QCI=5. 

· Given the PTT burstiness characteristic, no different handling would be made by the PGW than QCI=1.

· Given the shorter (75 ms) packet delay budget, the PGW may choose to apply a different DSCP marking to downlink packets.

· Given the delivery importance characteristic, the PGW will likely not need to take any particular actions.

· Given the prioritization characteristic, the PGW will likely not need to take any particular actions.

· SGW:
The SGW will also be presented with a new set of QCI values whose characteristics may differ from the original QCI=1 and QCI=5.

· Given the PTT burstiness characteristic, no different handling would be made by the SGW than QCI=1.

· Given the shorter (75 ms) packet delay budget, the SGW will likely not take any particular action, instead relying on the PGW to adjust the DSCP markings on downlink packets, and on the eNB to adjust the DSCP markings on uplink packets.

· Given the delivery importance characteristic, the PGW will likely not need to take any particular actions.

· Given the prioritization characteristic, the PGW will likely not need to take any particular actions.

· eNB:
The eNB will also be presented with a new set of QCI values whose characteristics may differ from the original QCI=1 and QCI=5.

· Given the PTT burstiness characteristic, the eNB may choose to modify its resource allocation to use statistical multiplexing.

· Given the shorter (75 ms) packet delay budget, the eNB may take actions to reduce the queuing delay of packets, perhaps by placing the packets for the bearer at the front of the priority 1 and 2 queues respectively.

· Given the delivery importance characteristic, the eNB will use the indication given by the respective QCIs to use small/medium/large connected mode DRX values.

· Given the prioritization characteristic, the eNB may take actions to reduce the queuing delay of packets, perhaps by placing the packets for the bearer at the front of the priority 1 and 2 queues respectively.

· MME:
The MME will also be presented with a new set of QCI values whose characteristics may differ from the original QCI=1 and QCI=5.

· The MME will likely simply store the QCI value assigned to the bearer.

What is important to note in the above is: 

· The need to upgrade all network elements (PCRF, PGW, SGW, eNB, MME) to support the new QCIs that provide the differentiation for these added characteristics. 
· Each node must be capable of supporting the new QCI values.

· Modification of any of these new characteristics will require changing the QCI for the bearer. 

Evaluation

It is important to provide new bearer characteristics beyond those represented in the original 9 QCI values. Two possible methods exist: new QCI values, additional bearer characteristic indicators.

· The use of new QCI values requires the upgrading of all applicable network elements. The addition of new bearer characteristics in the future will potentially multiply the number of QCI values required to represent them.

· The use of additional indicators that are marked to be ignored if not understood provide the ability to upgrade the network in a phased manner chosen by the operator. The addition of new bearer characteristics in the future will follow the same phased method. All network elements will need to at least be able to pass along these bearer characteristic parameters, even if they are not understood.
Conclusion

The use of additional indicators to represent new bearer characteristics has less impact on network upgrading and is more future-proof than the use of new QCI values.
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