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1. Introduction

At the RAN1 #38bis session in Seoul, September 2004, a working assumption for the downlink signaling with respect to E-DCH scheduling was agreed upon [7], under the condition that a satisfactory solution for resource handling with respect to Node B hardware under/over-allocation in soft handover is identified. The WA is as follows:

The UE can receive two types of grants

· relative grants, consisting of one bit per time interval

· absolute grants, consisting of multiple bits per time interval

Neither type of grant has to be transmitted in every time interval, i.e., DTX may be used, depending on the scheduling strategy implemented. The time interval equals the E-DCH TTI configured.

The UE is informed by higher layer signaling or in another way on which physical resource (e.g., OVSF code) it can find the respective grant. The network may configure each UE to monitor an individual physical resource, or multiple UEs to monitor the same physical resource. Seen from the UE, there is no difference between these two cases.

In non-soft handover, there is only a single cell responsible for E-DCH scheduling, the serving cell. In soft handover, there is one serving cell and at least one non-serving cell. The UE shall be capable of receiving

· one absolute grant and one relative grant per time interval from the serving cell

· one relative grant per time interval from each of the non-serving cells

· The relative grant from the serving cell shall be interpreted as an UP/HOLD/DOWN command for relative rate scheduling. The interpretation of the relative grants from the non-serving cells and the absolute grant from the serving cell is FFS. Whether the UE shall treat each relative grant from a non-serving cell separately or combine multiple consecutive relative grants from one non-serving cell is FFS. The rule how to combine relative grants from multiple cells is FFS.

It is FFS whether a grant controls the maximum (E-DPDCH+DPDCH)/DPCCH power ratio or the maximum E-DCH transport format the UE may use in a TTI.
This contribution addresses these issues and proposes a set of rules, describing the UE behavior with respect to signaling. The common assumption of the UE obeying absolute grants from a single serving cell is used. A companion paper [6] discusses the UE procedures related to transmission of scheduling requests.

2. Scheduling Grants

2.1. Absolute Grants

Absolute grants should contain the identity of the UE(s) for which the grant is intended and an upper limitation on the amount of resources the UE(s) may use. This was already agreed upon at the joint RAN1/RAN2 session in Prague. To reduce scheduling delays, it is beneficial to define an additional identity, NON_BUSY, in which case UEs can start transmitting without a previous request phase [4]
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[5]. A BUSY identity can also be defined to allow for cell wide rate adjustments as described in [4]. Note that the inclusion of BUSY and NON_BUSY does not mandate the Node B to utilize them, but provides with additional freedom in the design of the scheduling algorithm.

Proposal: The ID field on the shared grant channel can, in addition to the identity of any UE, also take the values BUSY and NON_BUSY. 

2.2. Relative Grants

Relative grants should consist of a single, three-valued bit taking the either of the values UP, HOLD, or DOWN. Multi-bit signaling of relative grants requires additional resources in terms of downlink power and does not provide any benefits as an absolute grant can be used for large changes of the resource limitation in a UE.

Proposal: A relative grant is a single bit taking one of the values UP, HOLD, or DOWN.

2.3. Operation in Soft Handover

Operation in soft handover is an area requiring attention as the serving cell has no (or limited) knowledge about the instantaneous interference situation in neighboring cells. To avoid generating excessive interference in neighboring cells, there is a need for a mechanism for non-serving cells to influence the uplink resource utilization of the UEs in soft handover. There are multiple solutions to this problem, e.g.,

· Dedicated rate control, i.e., requiring the UE to take relative grants from all cells in the active set into account (possibly using a  different rule than for the relative grants from the serving cell). This allows the non-serving cells to perform dedicated rate control of each UE individually.

· Cell-wide rate control using a broadcasted signal from the non-serving cells [1].

· Requiring a UE in soft handover to report back to the serving cell the restrictions set by other cells in the active set before the serving cell can schedule the UE in question, with the reported restrictions taken into account [2]. 

The third approach introduces a two-step scheduling for UEs in soft handover, leading to undesirable delays and is therefore not considered further
. The first two possibilities are quite similar in nature and provides the UE with an “overload indication” based on the situation in  the non-serving cells. They differ mainly in the use of dedicated vs common signaling. Dedicated signaling is more costly in terms of total downlink transmission power (at least if antipodal signaling is used). As the main problem in soft handover is to handle sudden unpredictable interference peaks from neighboring cells and not to fine-tune the rate of individual users in the neighboring cells, a broadcasted signal is considered sufficient from a radio perspective. Note that, seen from the UE, there is in principle no difference between common and dedicated signaling of an overload indicator.  The UE only needs to be informed on which physical resource it can find the overload indicator. Hence, the specifications could be written such that both dedicated and common signaling is allowed and let the choice between dedicated and common signaling be left for implementation.

As an extension to a two-values scheme (red/green), a three valued (red/yellow/green) overload indicator can be envisioned. In both cases, the UE shall monitor the overload indicator from all non-serving cells and combine them into a single indicator to act upon (red if at least one cell indicates red, yellow if at least one cell indicates yellow, green otherwise). It is questionable whether a three-valued overload indicator provides any benefits compared to a two-valued.

Proposal: Relative grants from non-serving cells are treated differently than from the serving cell. The UE derives a single “overload indicator” indicator from relative grants received from non-serving cells. 

Regardless of whether dedicated or common signaling from the non-serving cells is used, the information from the non-serving cells should be treated differently than for the serving cells. If the combined overload indicators is “red” (overload), it is important to rapidly decrease the rate a UE is using. As high-rate UEs are likely to cause more interference than low-rate UEs, an adaptive step size could be used such that the relative decrease in resource consumption for a high-rate user is larger than for a low-rate user. 

Proposal: An adaptive step size is used when the overload indicator is set such that the relative decrease in resource consumption for a high-rate user is larger than for a low-rate user.

In addition to the interference, the availability of hardware resources in the Node B should also be taken into account in the scheduling decision. As the non-serving cell has limited knowledge about the data rates to expect since it is not in charge of the absolute scheduling grants, it has to allocate HW resources for the highest possible data rate. It may therefore be useful to introduce an upper limit on the data rate (or similar quantity) a UE may use in soft handover. This limit could be set by the RNC using higher layer signaling and used as an aid in allocating HW resources in non-serving cells. The same type of signaling is also useful to handle any limitations in the amount of hybrid ARQ buffer memory [3]. The overload indicators (relative grants from non-serving cells) could be used to control the HW resource consumption.

Proposal: Higher layer signaling is used to control the maximum transport block size the UE may use.

2.4. Precedence of Grants

The absolute grants are used to rapidly change the resource utilization of a UE, but a certain UE may not be addressed in every TTI. The relative grants are transmitted frequently (once per TTI) but allow only a small adjustment for each transmission. If the relative grants have priority over the absolute grants, the purpose and advantages of an absolute grant disappear. Thus, the basic principle should be that absolute grants have priority over relative grants. In soft handover, limitations on the resource utilization set by non-serving cells must have higher priority than any grant from the serving cell as they otherwise cannot limit the resource utilization. Furthermore, if any of the non-serving cells indicate an overload condition, the UE shall act accordingly (“or” rule).

Proposal: The following precedence of grants is proposed:

1. Overload indications (relative grants) from non-serving cells.

2. Absolute grants from the serving cell.

3. Relative grants from the serving cell.

2.5. Validity of Grants

The grant should affect the UE behavior as soon as possible, e.g., as the start of the upcoming (sub-)frame in the uplink. However, there is a need to allow a minimum time for UE to processing. It is therefore proposed to define the start of the validity period as the (sub-)frame that starts in the interval [1 slot, 1 slot+1 uplink TTI] from the end of the reception of a grant. The same timing rule is used for overload indicators from non-serving cells. 

Proposal: The validity of a grant, relative or absolute, starts at the uplink (sub-)frame boundary occurring in the interval [1 slot, 1 slot+1 uplink TTI] from the end of the reception of a grant. 

Absolute grants can be used in different ways, depending on the scheduler implemented in the Node B. One possibility is to perform pure time scheduling, in which case the UE shall transmit during a short interval, e.g., one TTI. Another possibility is to use absolute grants to initiate transmission from a UE at a certain data rate and rely on relative grants to control the rate during the transmission. In this case, the UE typically transmits over a longer period of time (multiple TTIs). To allow for different scheduling approaches, it is proposed to set the duration for which a grant is valid through higher layer signaling. When an absolute grant is received, the UE is allowed to transmit using this grant, in combination with updates received through relative grants, until the duration expires or a new absolute grant is received.

Proposal: Higher layer signaling is used to set the duration, after which the grant expires. A new absolute grant immediately supersedes an old grant.

If a UE does not exploit the full amount of resources it has been granted by the scheduler, the scheduler has overallocated resources to the UE; resources that can be used by other UEs. This can be achieved if the UE updates the upper limit on resource utilization to the actual value used. Note that this also automatically implies that a grant ceases to be valid if the UE does not transmit any data on the E-DCH due to the buffers being emptied. A timer mechanism could be considered to allow for short periods of under utilized resources.

Proposal: In case of under-utilization of a grant, the UE shall automatically update the upper limit on resource utilization to the actual value used.

2.6. Reliability of Grants

The behavior in case of unreliable grants is important to address to avoid unstable or inefficient operation. The appropriate performance requirements should be defined in RAN4, ensuring that the UE behavior is consistent and well defined. The following issues may need to be tested:

· Reception of the overload indicator to ensure that the UE reduces the uplink resource consumption accordingly. This is important as a UE otherwise may cause excessive interference even if the overload indicator is set.

· Minimum requirements on the receiver performance for the shared grant channel. The probability of missing a valid grant should be low, as should the probability of incorrectly detecting a grant intended for another user.

· Reception of the relative grants to ensure that the UE detects and obeys UP, HOLD, and DOWN appropriately.

When the design of the signaling structure has proceeded sufficiently, it is recommended to liaise with RAN4 on these issues.

3. UE Behavior

In the following, the proposed UE behavior with respect to scheduling grants is summarized.

For each TTI, the UE shall:

· Set the overload indicator to “red” if at least one non-serving cell indicates “red”. Otherwise, set the overload indicator to “green”.

· If the overload indicator is set to “red”
· Reduce the upper limit on E-DCH resources the UE may use in this TTI. The relative reduction shall be larger the larger the current resource utilization is. Higher layer signaling can be used to control the amount of reduction.
· If the overload indicator is set to “green”
· decode the fields in the SGCH
· if the ID field equals the identity of the UE
· set the upper limit on E-DCH resources to the value indicated on the SGCH
· if the ID field equals the BUSY value and the UE has a valid grant
· set the upper limit on E-DCH resources to the minimum of the value indicated on the SGCH and the amount of resources used in the previous TTI
· if the ID field equals NOT_BUSY
· if UE did not transmit E-DCH data in the previous TTI and has E-DCH data to transmit
· set the upper limit on E-DCH resources to the value indicated on the SGCH
· if the ID does not equal the identity of the UE, BUSY or NON_BUSY
· update the upper limit on E-DCH resources according to the relative grant received from the serving cell.
· Perform TFC selection of DCH and E-DCH, obeying the upper limit on E-DCH resources utilization.
· If the E-DCH transport format selected does not utilize all granted resources (and this condition has been present for x consecutive TTIs)
· Set the upper limit on the E-DCH resources to match the selected transport format.
4. Conclusion

It is proposed to capture the proposals in the response to R1-041258 “LS on scheduler related issues” and that RAN2 specific topics are captured accordingly.
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� Note that uplink control signaling providing feedback on the situation in neighboring cells could still be included as part of the scheduling requests, e.g., an indication whether the “overload indicator” in any of the neighboring cells is set or not.� To some extent, similar information could also be extracted by the serving Node B by observing the transport formats used and concluding on whether a scheduled UE is utilizing all the assigned resources or not.





