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1
Introduction
In RAN2 #54 several contributions on UL prioritization and starvation avoidance where discussed. As identified in the email discussion that followed the meeting the feasible solutions proposed so far can roughly be grouped in two categories:

1. Solutions where the priorities are changed over time either with predefined rules [1] or dynamic under MAC control [2,3]
2. A solution based on configuring minium rates for radio bearers [4]
This document presents a stage 2 text proposal in line with the first option

2
Discussion
It has been shown in ‎[2] that radio bearer configurations and service mixes with multiple uplink rate-adaptive services mapped to Non-GBR bearers in one UE are likely to cause starvation. 

One way to obtain predictable priority order alterations would be to have the network download a schedule containing the information as proposed in ‎[1]:

	
	Consecutive Occurrences

	Priority order
	Pattern 1
	Pattern 2
	Pattern 3

	RRC, SIP, VoIP, BE1, BE2
	1
	1
	3

	RRC, SIP, VoIP, BE2, BE1
	
	1
	2


Table 1: Two examples of a priority alteration schedule

If the network would only assign the “Pattern 1”, the UE will act as it does in UMTS and always apply one strict priority between the 5 radio bearers. This causes starvation of the second best effort bearer assuming that the first best effort bearer consumes all resources not utilized by the three GBR bearers
.

“Pattern 2” therefore advises the UE to flip between the two priority orders after each TTI. This ensures that both BE bearers get sufficient resources. If the BE bearer with (currently) higher priority cannot utilize all resources they will still be assigned to the second BE bearer.

“Pattern 3” is similar but splits the resources with the ratios 3/5 to 2/5. Any other combination would obviously be possible as well. 
The proposed mechanism is sufficient to avoid radio bearer starvation while not causing any additional signaling traffic. If the eNodeB wants to control how the resources shall be shared among the Non-GBR radio bearers it may update the Priority-Order schedule (e.g. from Pattern 2 to Pattern 3). Obviously this mechanism does not allow for very accurate control of the data rate assigned to each radio bearer but we think that such a coarse control is sufficient taking into account the advantage of little signaling overhead. 
3
Text Proposal for TS
11
Scheduling

In order to utilise the SCH resources efficiently, a scheduling function is used in MAC. In this subclause, an overview of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements to support scheduler operation.

11.1
Scheduler Operation

MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

Taking account the traffic volume and the QoS requirements of each UE and associated radio bearers, schedulers assign resources between UEs. 
Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.

Radio resource allocations can be valid for one or multiple TTIs.

Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).

The UE serves its radio bearer(s) in strict priority order. The priorities can be varying over time according to a priority order alteration pattern configured via RRC signalling. The pattern may be updated via RRC signaling when needed. 

The four possible types of allocation are:

-
Short lived dynamic allocation: both PRB(s) and allowed MCS are allocated to a given UE for a defined number of TTIs;

NOTE:
a UE may “operate” only during certain time periods of the radio frame (indicated from RRC).

-
Short lived fixed allocation: PRB(s) are allocated to a given UE for a defined number of TTIs, and the allowed MCS is allocated for an undefined duration;

NOTE:
a UE may “operate” only during certain time periods of the radio frame (indicated from RRC).

-
Long lived dynamic allocation: PRB(s) are allocated to a given UE for an undefined duration, and the MCS is dynamically controlled by the network;

-
Long lived fixed allocation: both PRB(s) and allowed MCS are allocated to a given UE for an undefined duration.

This is summarized on the figure below:
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Figure 11.1: Allocation Types

For one UE, the allocation type can be different in UL and DL. Also there may be multiple simultaneous allocation types for the same UE. 

Allocations are done one a per UE basis (i.e. not on a per radio bearer basis), but radio bearer restriction can apply for certain allocation type e.g. for long live allocation.
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� The values in the table specify the number of consecutive and served TTIs in which the UE shall use the corresponding priority order. After performing the number of transmissions it shall flip to the next Priority Order.


� This assumes that the UL scheduler assigns in average sufficient resources to serve at least the GBR bearers.
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