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1. Introduction

The topic of scheduling undertook quite some discussions at the RAN1#39/RAN2#45 session in Shin Yokohama. One issue was how priority of the data in the UE buffers should effect the scheduling decision in the NW. This contribution addresses the possibilities to have a differentiated set of grants based on a parameters signaled with respect to downlink scheduling grants. 

2. Objective

In order to obtain good end-user performance and to efficiently use the assigned radio resources, it is important for the UE to get “immediate” access to high data rates whenever possible. This is especially essential for flows with high priority.

Several possibilities exist within the current framework[1] to provide the users with a resource:

· Request/grant mechanisms with absolute grants. The use of an absolute grant allows the system to rapidly assign a high data rate to a user without using a slow ramp up procedure. 
· Autonomous Ramping mode. The UE can start transmission without a resource request by ramping up (stepwise) to a defined max resource set b the Serving Grant.

· Allocation of non- scheduled E-TFC. 

However, in a lightly loaded scenario, the request of resources prior to transmission may not be necessary, and the UE should be able initiate a transmission without a prior request phase
. Even within low to moderate loads in the NW, one could envision that the request free transmission of high priority data should be possible, and that there are possibilities in the NW to accommodate this. The request free transmissions should not be confused with unscheduled (or autonomous) transmissions. With the request free operation the transmissions are still scheduled and the network maintains a strict control of the interference.  The network only pre-allocates resources such that they can be used as fast as possible.

With this in mind one could see the benefit of two schemes:

1. Priority based scheduling grants

2. Using multiple user identities

3. Priority Based Scheduling Grants

Absolute scheduling grants are sent from the serving cell on the E-AGCH. The framework today contains an identity field and an upper limitation on the amount of resources the UE(s) may use. 

The immediate access type of operation could be accommodated by e.g. providing the UE(s) with an absolute grant with a long duration in advance. This would reduce the delays by allowing the UE(s) to start transmitting without a prior request phase; thus giving them the right to immediately use a specific data rate when data arrives in their buffers. 

This could also be realized within the current framework, with the autonomous ramping mode (no E-RGCH allocated). As long as the interference headroom is sufficient, this could also give low delays and immediate access at a certain rate. However at increasing load the probability of collision (or more precisely excessive interference), or the presence of occasional interference limitations, the transmission attempts and delays increase. The system will in this case lower the maximum resource allocation to which the UE(s) can transmit. There is no differentiation in priority between data transmissions and a scheduling operation with Absolute and Relative Grants is expected to be the predominant choice at this point.
With this in mind there should be possibilities to differentiate the UEs based on the priority of the data in the UE buffer. The assumption is that when the UE is transmitting the scheduling information in the UL from the UE, Mac PDU/payload, would give information of this, and scheduling decisions are taken hereafter.  A change in priority of the UE -buffered data could for instance trigger an updated scheduling request. 

For a UE not transmitting there should be means to control the expected behavior from the NW point of view and allow for the request free operation as mentioned. It could thus be valuable if there are means of differentiation between mobiles such as to:

· At high to medium load, high priority data can always use an immediate type of access. For example with an Absolute Grant with long duration valid for all data over a specified priority X
.

· Low to medium priority data must use the scheduling request/update to obtain the resource allocation.  

Such a scheme could easily be implemented by adding signaling bits on the E-AGCH indicating the priority of the data that the grant is valid for. 

Proposal: It is proposed to add information bits on the E-AGCH to accommodate means of priority based scheduling as outlined above.  The information would indicate a maximum resource and what priority (priorities) the grant in valid for.

4. Multiple identities for low delay

In this section we discuss how the use of multiple user identities can be used to support "request free" transmissions with low delay. The objective is to allow users to perform transmissions with a minimum delay, preferable without the need for a resource request prior to the transmission at least in low load situations. 

As outlined in the previous section, a request free transmission can in principle be achieved with the available scheduling tools, but the current tools are not very suitable for this. Consider a low load situation: The network can assign absolute grants to all (or a number of) users in a cell to allow for fast (immediate) transmission when needed. When a number of users have started to transmit and the load increases the network can prevent inactive users to start transmitting by sending a new absolute grant with rate zero for all inactive users. This will however require a large number of absolute grants and the resulting delay is likely to be too high to control the load accurately. 

Using two user identities can solve this. In the scenario above one identity could be used as a group identity and the other as an individual identity (although the UE does not know if the identity is a group identity or not). A low load, all users are given an absolute grant by using the group identity. Each time a user starts transmitting, that user is also given an absolute grant with the individual identity. When the load increases and the network needs to prohibit inactive users from transmitting the rate zero is allocated to the “group” identity. This quickly prohibits all inactive users from transmitting. The already active users continue to transmit as they are also having an absolute grant on the individual identity.

Proposal:  It is proposed that all UEs should monitor the absolute grants for two identities. The UE have the same handling of both identities and does not know if the identities are individual- or group identities. If an absolute grant is received on both identities it is proposed that the UE follows the highest grant, i.e. AG=MAX (AG1, AG2)

4.1. Further Enhancements

With a group type of addressing, the identity field of the absolute grants is set to a value identifying multiple UEs, thus allowing the same absolute grant to be sent to multiple UEs. In addition to this scheme, the possibility of differentiation between users by Subscription classes could be envisioned.  For instance, if one would like to distinguish between groups of users for example “gold” and “silver”, and apply scheduling per priority and /or immediate type of access in those groups differently, this could then also be accommodated.

An example is when one would give “gold” users a higher data rate, or immediate access compared to the “silver” users who then would be requested to send a scheduling request.  For a given priority, as indicated on the AGCH, the scheduling grant levels or mode of operation could then also be different between these groups (classes).

5. Conclusion

The importance of minimizing the delays prior to a UE starting to transmit has been highlighted. We propose to:

1) Introduce a priority indication on the E-AGCH indicating the priority for which the grant is valid. This makes it possible to reduce the data rate for low priority services at high load while still maintaining the data rate for high priority services.

2) Specify that the UE shall monitor two identities on the E-AGCH. The UE may transmit data if an AG is allocated on either of the identities. If an AG is allocated on both identities, the total grant is equal to the highest granted rate, i.e. AG=MAX (AG1, AG2) 
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�  As an example, with one TTI request transmission, one TTI scheduling decision in the Node B, one TTI grant transmission and up to one TTI delay prior the grant takes effect in the UE, the total delay from the appearance of data in the UE to the assignment of a suitable data rate can be up to 4 TTIs. This corresponds to 40 ms and 8 ms for the two possible E-DCH TTI values, respectively, which can be a significant delay, at least for the longer TTI. Note that a differential rate adjustment typically is even slower in changing the data rates.


� Note: The current framework for E-DCH allows for the setting of MAC-d multiplexing rules for transmission in a MAC-e PDU. This allows for inclusion of data with different priorities. The power offsets and H-ARQ profile will follow one of the data characteristics in the multiplexed flow. With the scheme above it could be envisioned that with a grant level set to the, for example highest priority only, multiplexing of high priority data with low priority is inhibited. Consequently, a rate request is required for all other data with priorities different from (below) the priority indicated in the E-AGCH.





