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1 Introduction

The QoS concept developed in SA2 [1] is based on network controlled QoS for operator controlled services (e.g. multimedia telephony). A main goal of employing the QoS concept developed in SA2 is to be able to differentiate the treatment of the packets from different QoS classes and we therefore denote the principle as class based QoS. As discussed in [2] the per UE uplink scheduling used in E-DCH is not sufficient to allow operators to make the necessary service differentiation. Therefore a finer granularity in the uplink scheduling is needed. 

In this paper we outline a possible realization of an uplink scheduling mechanism with sufficient granularity. For more reasoning on why a finer granularity than in E-DCH is needed, see [2].
2 Realization of UL scheduling
As discussed in [2] there are at least three reasons why a finer granularity than in the E-DCH scheduling solution would be needed:

1) Starvation between QoS levels within a single UE: Low priority data flows may be starved by higher priority traffic

2) Inability for the operator to control cell capacity partitioning between QoS classes: Scheduler can in E-DCH not know which radio bearers that have data (except for the highest priority radio bearer which is indicated explicitly)

3) Low-priority traffic hitching a free ride: Low priority data may get a free ride when high priority data is scheduled if the scheduler is not aware how much data that is available on different radio bearers

To address the first issue the Node B scheduler must have means to control from which radio bearers a UE transmits data. This mainly influences the design and use of the scheduling grants transmitted on the shared control channel in downlink. To address the last two issues the node B scheduler must have sufficient information about the data in the UE buffers on different radio bearers (or priority classes). In the following we outline a possible solution addressing these issues.
2.1 QoS indication on the shared control channel
One way to achieve a better than per UE granularity in the uplink scheduling is to transmit QoS related information on the shared control channel together with the scheduling grant. Thus the scheduling grant would (in addition to the UE identity and physical resource allocation) contain information informing the UE which data that it is allowed to transmit on the scheduled resource. 
In principle it would be possible to simply indicate on the shared control channel from which radio bearer(s) data should be transmitted. It should however be noted that in the case where the scheduling grant is larger than the amount of available data on the indicated radio bearers, the UE should preferably use the whole scheduling grant if data is available on lower priorities due to that a scheduled resource can not be used by other UEs. Thus, as long as the grant is sufficiently large, data from all radio bearers will be transmitted.

One solution is therefore that a QoS indicator on the shared control channel is used, where each value of the QoS indicator is mapped to a priority order between the radio bearers. In the following we provide an example where the QoS indicator is coded with only 2 bits resulting in 4 QoS indicator values (the exact number of bits is FFS but should be in the range 2-4 bits)
. The scheduling grant would then need to be extended with e.g 2 bits which could be reasonable given that estimations in RAN1 has indicated that the uplink scheduling grant is in the order of 25-30 bit
 [4]. 
Example: Five configured radio bearers: RRC signaling, SIP, VoIP, Video, Best effort (BE) internet access
In this example a multimedia telephony service is configured with the service components SIP signaling, VoIP and Video. In addition an RRC signaling radio bearer is configured and a best effort bearer used for internet access. An example of a mapping between QoS indicator and priority order is shown in the table below (in practice the priority order would be a list of radio bearer IDs). The mapping between QoS indicator and priority order would be configured in the UE via RRC signaling.
	QoS indicator
	Priority order

	1
	RRC, SIP, VoIP, Video, BE

	2
	RRC, BE, SIP, VoIP, Video

	3
	RRC, VoIP, Video, SIP, BE

	4
	RRC, Video, VoIP, SIP


Table 1 Example of mapping between QoS indicator and priority order for 5 RBs

In the typical case the scheduler would use QoS indicator 1 which indicates that radio bearers should be scheduled in the default order of priority. In case starving occurs for e.g. the BE internet access bearer this would be detected by the Node B scheduler and scheduling would be performed with QoS indicator 2 for a while, which would give a higher priority to the BE. In a similar manner QoS indicators 3 or 4 would be used if the radio bearers carrying VoIP or Video needs more resources than their default priority allows. In the last row the BE internet bearer is not even included which implies that data from this radio bearer is not allowed to be transmitted. As can be seen the RRC signalling always have the highest priority in the example. That is a likely implementation choice but nothing prevents RRC to be down prioritized as well.
2.2 QoS indication via MAC signaling

Another alternative to use the concept of varying priority orders is to use MAC signaling instead of the shared control channel to indicate the QoS indicator. The mapping between a number of QoS indicators and priority orders as shown in Table 1 would still be configured via RRC e.g. when the radio bearers are setup.

The Node B scheduler can then switch between the configured priority orders by transmitting a QoS indicator inband in MAC. It is foreseen that no synchronization between the transmitted QoS indicator in MAC and the actual scheduling grant on the shared control channel is needed, i.e. the scheduler does not need to consider exactly when the MAC PDU with the QoS indicator is received in the UE.
One advantage with this alternative is that there is no fixed overhead associated with the QoS indication. In many cases a UE only has a few radio bearers configured, or the scheduling grants are sufficiently large to transmit all the data in the UE buffers and consequently there is no need to deviate from the default priority order. If the QoS indication is transmitted in MAC on a per need basis the overhead associated is minimized. Another advantage is that the method is more scalable for the case with many radio bearers. If the QoS indicator is signaled in MAC there would not be an issue to have 8, 16 or even more priority orders if needed whereas the number of bits on the shared control channel should be kept low.
However it should be noted that a solution that relies on MAC is somewhat slower than the solution using the shared control channel. It may not be feasible to adjust the priority order on a very fast manner e.g. for a few TTIs with MAC signaling. This is however not considered to be a limitation in practice.
2.3 Scheduling information (buffer status reports)
The following discussion only relates to the uplink scheduling information (assumed to be transmitted in MAC). It is likely that a layer 1 scheduling request is also used to request initial resources but that is not further discussed here. It is assumed that the layer 1 scheduling request does not have the mentioned buffer information.

In the design of E-DCH the majority of the scheduling information is transmitted inband as part of the MAC header. Given that inband transmissions are protected by both FEC and HARQ and therefore relatively inexpensive to transmit it is reasonable to have the same approach in LTE. The scheduling information format used in E-DCH contains buffer information for the bearer with the highest priority as well as the total buffer fill level in the UE. This means that it is not possible to provide differentiation of services with lower priority since the amount of data available on these bearers is not known.  

In [3] a solution for LTE is presented where the buffer information is given for each traffic priority which provides means for the scheduler to differentiate also between bearers of lower priority.  In order to have a full control of the QoS in the scheduler we here instead propose to send the buffer information per radio bearer.

For example the buffer status can be encoded with 4 bits for each configured radio bearer. Given that the number of simultaneously configured priority classes typically is rather low (more than 4 radio bearers could be considered as an unusual case) the resulting overhead would be reasonable. In the example with 4 radio bearers 16 bits would be needed which is comparable with the 18 bits scheduling information in E-DCH (out of which 13 bits is buffer related). If fewer radio bearers are configured the size of the scheduling information would also decrease e.g. 8 bits for two radio bearers which implies that in average the size of the scheduling information would be smaller.

Note that optimizations of the encoding of the scheduling information are possible.

The actual overhead during transmission obviously also depends on the frequency of the transmitted scheduling information. Here a reasonable assumption is that the triggering criteria (event triggered, periodic reporting or a combination) is configured via RRC as in E-DCH. The scheduling information could also be piggybacked with uplink transmissions (which is the most common case) which implies that the additional overhead caused by scheduling information is not significant.
3 Discussion/ Conclusion

In this paper we outlined one feasible solution to provide class based QoS in LTE in line with the QoS concept developed in SA2. A benefit with the described solutions is that the UE can provide strict absolute priorities between the radio bearers which assures a simple UE implementation while still giving the scheduler control of over the QoS.  It should be noted that a scheduling implementation that does not want to use the mechanism may use only the default priority order given by RRC at radio bearer setup. Two possibilities to signal the QoS indicator has been outlined, L1 signaling and MAC signaling. Both alternatives are feasible but our preference is the MAC based solution due to the lower overhead.
In summary we think that it is feasible to have a finer than per UE granularity in the uplink scheduling and propose to agree on the following bullets
· The scheduler shall be able to control from which radio bearers data is transmitted in uplink 
· The uplink scheduling information contains information about the buffer content for individual radio bearers (or potentially groups of radio bearers)
4 Text proposal (Section 7 in TR 25.813)

A text proposal is provided in the contribution R2-061863 [2]
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� A larger number of bits give more freedom in the mapping between QoS indicator and priority order but we here want to show that the method works even with 2 bit per TTI


� It should be noted that in the case where data is simultaneously transmitted in uplink and downlink the scheduling information on the shared control channel for a UE is higher, around 50 bit/TTI.
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