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1. Introduction
In an orthogonal system, the MCS to use on the UL is given in the grant and cannot be changed by the UE. Thus the transport format selection part of the TFC selection does not exist.

The liberty left to the UE is to decide what type of data to put into the UL transmission. In this contribution, we cover this aspect of the so-called TFC selection procedure.
2. Background
In R’99 and HSUPA, the UL TFC and E-TFC selection algorithms need to apply a strict priority rule which maximizes the transmission of bits from the highest priority logical channels.
This rule has the merit of being simple. The priorities are derived from the logical channel attributes and it doesn’t change unless logical channel priorities change. 

This rule has the inconveniences of being simple. It ignores that across logical channels, some packets have to be treated with higher priority than others (control packets in particular and retransmitted packet to a less critical extent). It also has the inconvenience of not enforcing a maximum data rate per logical channel in HSUPA (for DCH, the maximum data rate per logical channel is enforced through TFCs).
These limitations were addressed in Rel-6 in a more or less efficient way:

· The blocking of control packet can be avoided by configuring two logical channels per RLC entity

· The maximum data rate enforcement can be performed for MAC-d flows which have been assigned non-scheduled grants through the grant value. For scheduled MAC-d flows however, the maximum data rate per flow is not enforced.
3. Discussion
3.1. Why is this important in LTE?

It seems that QoS is always the thing of the future. In LTE however, the simple fact that there is no legacy CS voice system mandates the use of VoIP from the start. As a result the first release of LTE will need to be able to support (very) efficiently a call requiring ~5 different flows with about 3 different QoS (~2 for SRBs, SIP, RTCP and RTP).
Furthermore, any call requiring user traffic such as gaming and/or video will require at least one additional level of QoS.
3.2. What can be improved in LTE?

3.2.1. Prioritization of control packets and retransmissions
In section 2 we mentioned control packets and retransmissions should be prioritized compared to not only other packets from the same flow but also other flows. In order to enable this behavior in LTE, we propose to allow an RLC entity to be defined with up to 3 levels of priority.
3.2.2. Sharing the grants

We mentioned that in HSUPA, grants are either defined per MAC-d flow (non-scheduled grant) or per UE (scheduled grant valid for all scheduled MAC-d flows). 
For LTE we have the possibility to either define a per UE grant (UE decides how the grant is used based on logical channel priorities only), a per RB grant (grant is shared between different traffic flows according to pre-configured rule) or any mix between the two such as in HSUPA where grants were separated between MAC-d flow specific grants (non-scheduled grants) and per group of MAC-d flows (all MAC-d flows which are not allocated a non-scheduled grant).

Before comparing the different schemes we would like to note that each of these methods can be implemented using a pre-defined sharing rule which only needs to be specified at call setup through RRC signaling or through a dynamic method which may change the rule during a call.
Per UE grant:

This method would be similar to an HSUPA system operating without non-scheduled grants. If this method is coupled with a sensible setting of absolute priorities, it should work well as long as traffic sources are bursty and not occupying the full bandwidth. In particular, voice is correctly handled with this model because packets are typically generated every 20ms and signaling traffic is rare.

However, for richer calls including traffic sources generating a continuous stream of data (a typical example would be a video stream), this model would start creating problems (any flow with a lower priority will get starved).
This limitation can be easily addressed by specifying a share of the bandwidth that each RB (or group of RB) can utilize as explained in [3]. 

This method does not replace the absolute priority method but provides a way for the network to control how the UE behaves if RBs are given equal priority.

Enabling this method in fact changes the way priorities should be allocated. Providing an absolute priority scheme is needed for RBs (like SRBs) which are truly more urgent, however, it is always difficult to allocate different absolute priorities to different traffic RBs because of the starvation problem. If on the other hand traffic RBs are given the same priority, the UE has the liberty to decide, leading to different UE behaviors.

By providing a method for controlling the equal-priority-RB bandwidth shares, it is expected that a few low bandwidth low delay RBs (e.g. signaling and voice) would be given high priorities and all other RBs constituting the bulk of the bandwidth would be given equal priorities and different shares of the bandwidth.
Per RB grant (or per group of RB)
With this method, the UE receives a grant which includes to which RB (or group of RBs) it applies in priority. In case the UE doesn’t have data for this RB anymore, it can be provided to lower priority RBs.
Essentially, this method is the same as exists today in WCDMA but allows the QoS to be changed each time a grant is issued.
A smart eNB scheduler can take advantage of the method to limit the amount of starvation by analyzing the received UE traffic pattern and giving higher priority to the starved RB. 

The starvation will only be limited because the UE traffic pattern can only be reconstructed at the eNB after is has been correctly received and reordered. Similarly, because of the analysis delay, the QoS change addressing the starvation will be based on stale data.
4. Conclusion

We propose the following:

· Logical Channel/RLC entities should be configured with up to 3 priorities for Control/Retransmissions/New Data

· Grants should be defined per RB and shared according to a NW controlled rule (as defined in [3]) which should preferably change only if RBs are added/deleted (i.e. not very often).
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