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1. Introduction

The E-DCH concept is stabilizing, but during the work, a few basic latency-related requirements have been overlooked, as shown in a companion contribution [2]. 

One fundamental purpose of E-DCH is to reduce latency, and an obvious way to minimize latency is to make sure that UEs can access the medium immediately, without request/grant cycle. We refer to this as “request-free” access. 

In this paper, we propose two enhancements to fill the gap between the existing E-DCH framework and basic latency-reduction requirements. Without these or other comparable solutions, the latency performance of E-DCH is jeopardized. 

2. Objective

In order to minimize latency, it is important for the UE to get request-free access to high data rates whenever possible. There are considerable savings in avoiding the request/grant cycle
. This is especially essential for flows with high priority.

Two possibilities exist within the current framework[1] to provide the users with request-free access.

Firstly, allocation of non-scheduled grants for a logical channel is foreseen to be used for GBR flows and other specific flows, but not as a general method to provide all flows with request-free transmission,

Secondly, the scheduler can assign an Absolute Grant in advance, allowing the UE to access the medium at any time without a request/grant cycle. However, the usefulness of this method is low due to two limitations in the current framework, as shown in the following. 

1. In a lightly loaded scenario, the scheduler can issue a grant to all UEs and all flows, and thus allow UEs to initiate a transmission without a prior request phase. However, at moderate to high loads, request free transmission of high priority data should still be possible, whereas low priority data should need to request a grant. This is currently not possible, but we propose a simple solution for this in Section 3. 

2. When the cell load increases, the scheduler will need to cancel the long-standing Serving Grants by sending new zero-rate Absolute Grants (only to inactive users). This is currently possible to do via dedicated Absolute Grants, but will cause extensive downlink signaling. In Section 4 we discuss this further and propose a simple solution to solve that signaling load problem. 

3. Priority Based Absolute 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. 

Request-free access is currently allowed by providing the UE(s) with an absolute grant 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. 

However at increasing load the system will have to lower or cancel the current ‘in-advance’ grant. When new data arrives, a request/grant cycle is necessary. Currently it is not possible to differentiate the handling between logical channels of different priority: At a certain load, ‘in-advance’ grants will be canceled for all channels, and thus no channels will experience request-free access. This is clearly suboptimal and also unnecessary. 
With this in mind, RAN2 should introduce a possibility to differentiate the handling based on the priority of the logical channels for which there is data in the UE buffer. 

We propose to allow the Absolute grants to indicate the logical channel priority for which the grant is valid. This would enable priority-based request-free access using Absolute grants as follows:

· At high to medium load, high priority data can always use request-free access through the sending in advance of an Absolute Grant valid for all data over a specified priority level
. Low to medium priority data must use the scheduling request to obtain scheduling grants as usual.  

· At low load, an Absolute Grant is sent, that is valid for logical channels of all priorities, thus allowing request-free transmission for all channels. (as mentioned, this low-load case is supported already today)

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 power offset and what priority (priorities) the grant is valid for.

4. Multiple identities for low delay

As outlined in the previous section, 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 request-free 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, resulting in high signaling delay and high signaling load.  

Requiring the UE to listen to two E-AGCHs with different 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). At low load, the scheduler sends an absolute grant to all UEs by using the group identity. Each time a UE starts transmitting, that UE is also given an absolute grant with the individual identity. When the load increases and the network needs to prohibit inactive users from transmitting, a zero rate Absolute Grant is sent using 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.

In the current framework the UE maintains a Scheduling Grant, SG, but has no history of the Absolute Grants received on the E-AGCH. This means that the proposed scheme would not work with the current specification. However if we would differentiate the UE identities associated with the Absolute Grant so that each UE listen to a primary and secondary identity, this would enable us to specify the UE behavior so that:

· The UE maintains a SG by an Absolute Grant with either a secondary or a primary identity. 

· In order to change the current SG set by an Absolute Grant with a primary identity a new Absolute Grant with a primary identity must be issued. Any Absolute Grant with the secondary identity would be ignored.

Consider the example scenario above and assume that the secondary identity is used as the group identity. Any UE using the granted resource for a transmission is issued an Absolute Grant with the primary identity. When the load is increasing an Absolute Grant with the secondary (group) identity is issued. This is set to zero. All mobiles obey this Absolute Grant if a SG is not set with a primary identity on the E-AGCH. Hence by using the primary and secondary identities such as proposed, the UEs in the cell would meet the desired low load behavior above.  
Proposal:  It is proposed that all UEs should monitor the Absolute Grants for two identities. These identities are a primary and a secondary identity. The UE has the same handling of both identities in terms that it does not know if the identities are individual- or group identities. The UE may transmit data if an Absolute Grant is allocated on either of the identities. An Absolute Grant issued with a primary identity always has precedence of a secondary identity.  
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 force low priority services to request/grant behavior at high load while still maintaining request-free access for high priority services.

2) Specify that the UE shall monitor two identities on the E-AGCH. These identities are a primary and a secondary identity. The UE may transmit data if an AG is allocated on either of the identities and the primary identity has precedence of a secondary identity.   
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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.





