3GPP TSG-RAN WG2 meeting #46bis




R2-050957
April 4th – 8th, 2005





Beijing, China
Agenda item:
11.2 (5.5)
Source: 
Qualcomm

Title: 
Absolute Grant Duration 

Document for:

Discussion, Decision

1.
Introduction

Our assumption is that the objective in designing the EUL rate-control scheme should be to enable both “rate” and “time-and-rate” (i.e. TDM) scheduling. In this document we list the different mechanisms for adjusting the Absolute Grant duration and we discuss their performance in terms of the E-AGCH loading for each of these scheduling schemes.

2.
Possible Mechanisms
2.1
Finite grant duration

The grant duration directly affects how often the Node B needs to send an Absolute Grant to a particular UE. Both short and long grant durations would result in additional E-AGCH traffic, either to prolong or to interrupt the grant. In theory, allowing RRC to adjust it would enable to tailor its value to the scheduling scheme, the cell loading and the traffic type.
The idea is to allow the network to configure the Absolute Grant duration using RRC signalling. 

The problem is that in practice it could be quite difficult to figure out what value would be best suited to the particular conditions.

Pros:

· Introduces granularity in the allocation.

· Allows to tailor the grant duration to the type of application and to the cell loading that is targeted in order to reduce the AGCH load.

Cons:

· Additional complexity in the specifications and additional testing.

· Difficult to figure out what the optimal grant duration would be.
2.2
Use E-AGCH to interrupt a grant
Independently of the duration of the grant and whether we allow its value to be re-configured by RRC, the current procedural description allows the Node B to set the granted rate to zero by using another absolute grant.

Using this scheme can enable the operation with arbitrary grant durations and is therefore quite flexible. The problem is that it requires two E-AGCH transmissions for each grant and as such would result in increased load for short allocations. Furthermore, due to the requirement for UEs to only decode a single E-AGCH, this scheme makes it difficult to schedule transmissions back-to-back. This would only be possible by alternating users allocated to different E-AGCHs.

Pros:

· Allows the grant duration to be adjusted on the fly.

Cons:

· Requires two E-AGCH transmissions for every resource allocation.

· Requires special handling in order to schedule users back-to-back.

2.3
Dynamic change of grant duration

Dynamic adjustment of the grant duration could also be achieved by allocating a bit on the E-AGCH to indicate one of two possible duration values. This scheme could be used in combination with either of the other two schemes in order to help reduce the AGCH load depending on the conditions.

It’s main limitation is that it requires additional overhead. However, the impact on increasing the E-AGCH payload by 1 bit would be ok as long as we stay within the budget defined by RAN1.

Pros:
· Allows to support dynamic changes based on cell loading and application requirements.
Cons:

· Requires additional overhead.
3.
Discussion

3.1
AGCH Load

Which method results in the most efficient use of the AGCH very much depends on the scheduler characteristics and on the traffic models used. Configurable duration grants could in theory lead to the lowest possible AGCH load. The optimum however will depend on the exact loading and traffic mix, which are unlikely to be stable over time. 
For basic rate scheduling it is not strictly necessary to use absolute grants. However these allow to by-pass the ramping phase, thus reducing the delay in serving UEs. For this mechanism the most efficient would likely be infinite grants that leave room to use the relative grants for fine adjustments.
On the opposite side, for TDM (time-and-rate) scheduling, a small number of UEs would be scheduled at a time with a relatively high rate. Therefore, it would make sense to alternate between UEs quickly in order to reduce the delay experienced by each of them. For such a scheme a very short grant duration would work best by eliminating the additional AGCH load for cutting short the grant.
Note that the benefits of the finite duration grant relative to the start/stop scheme become lower as the grant duration increases. Therefore, it would be most meaningful to support this scheme for relatively short allocations.
Below (figure 1) we provide simulation results for 2ms TTI using a pure time-and-rate system where a single packet is scheduled at a time using the typical proportional fair arbitration scheme. The distribution corresponds to the number of packets scheduled consecutively on a particular HARQ process using the AGCH. “Low”, “Medium” and “High”  correspond respectively to geometries from –infinity to 1, from 1 to 9 and from 9 to +infinity. The traffic models correspond to the usual mix used by RAN1. 

From the distribution it is clear that the majority of the transmissions are allocated for just a single packet.
Of course, this data only considers a particular scheduler implementation. It may be possible to modify the scheduler to try to have longer grant allocations. However it does illustrate that there are schemes for which a single transmission allocation would be the most typical.
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Figure 1: PDF of E-AGCH grant duration in packets

In an effort to simplify things we propose to not support a fully configurable grant duration. We consider that supporting the single packet grant and the infinite duration grant would allow to support both rate and time-and-rate scheduling efficiently.

Conclusion: Only support single packet and infinite grants.
3.2
Support of dynamic conditions
As indicated above we only think that the single packet and infinite duration grants are necessary in the system. This should limit the system complexity. The question is now whether it would be useful to allow the Node B to adjust the value that is used dynamically by using a bit on the E-AGCH.

From our point of view the best scheme to use depend heavily on the type of traffic that is available for transmission and on the cell loading. Both of these could change quite fast within the cell, making the use of RRC signaling for this purpose useless.
Conclusion: Use one bit on the AGCH to indicate whether the grant is for a single packet or an infinite grant.
4.
Proposal

It is proposed that in order to reduce the system complexity we only support two grant durations:
· Single packet;

· Infinite grant.

In order to support the changes that could arise within the system it is proposed to introduce a bit on the E-AGCH that could be used to switch dynamically between these two grant durations.
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