3GPP TSG-RAN WG1 Meeting #38




  


 R1-040851
Prague, Czech Republic, 16 – 20 August, 2004

Agenda item:
9.2
Source: 
Samsung
Title: 





Node B controlled scheduling
Document for:
Discussion and Decision
1. Introduction
Node B controlled scheduling aims to give the Node B the possibility to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC. In Rel5, the uplink scheduling and rate control resides in the RNC. By providing the Node B with similar tools, tighter control of the uplink resource is possible which in turn, may result in increased capacity and improved coverage. Two fundamental approaches to scheduling have been identified during the study item phase:
· Rate scheduling, where all uplink transmissions occur in parallel but at low enough rates such that the desired noise rise at the Node B is not exceeded.

· Time-and-rate scheduling, where theoretically only a subset of the UEs that have traffic to send are allowed to transmit at a given time, again such that the desired total noise rise at the Node B is not exceeded.

In the last Rel-6 ad hoc meeting in Cannes, there was a brief discussion about the Node B controlled scheduling and several issues were identified. 

In this contribution, we discuss about those issues and make a recommendation for each issue. We also describe a possible scheme to fulfil those recommendations. 

2. Discussion about the issues identified in Cannes

(1) What should be controlled by the Node B scheduler? 

Since it was agreed that the CCTrCH of E-DCH type and the CCTrCH of DCH type are mapped to different physical channels, a natural answer would be that only the E-DPDCH power is controlled by the Node B. 

Since the uplink power control tries to maintain the received SIR at a target SIR by adjusting the DPCCH transmit power, the uplink noise rise would be determined by the power offset of the uplink channels over the DPCCH. Hence, the Node B scheduler should control the E-DPDCH power offset over the DPCCH. 
In case of the enhanced uplink, the scheduler is located in the Node B while the transmitter is located in the UE. The Node B scheduler cannot control exact E-DPDCH power offset due to scheduling delay and variation of available power margin due to power control. Hence, the only viable option is controlling the maximum allowed power offset.

Recommendation: The Node B scheduler controls the maximum allowed E-DPDCH power offset over the DPCCH.

(2) What should the Node B scheduler control be based on?
There are two options:
· Option 1: The Node B scheduler controls the allowed set of TFC indexes, each of which would be assigned a power offset value. With this option, the set of TFCs configured should be ordered with respect to the power offset value.
· Option 2: The Node B scheduler directly controls the power offset value. With this option, the scheduling command would be defined in terms of power offset value with, e.g., 1 dB step. 

The TFC index has the same meaning as the power offset itself. If the power offset is directly controlled, it would be natural that the same step size is used for all UEs. However, the power offset step size may not be consistent with the power offset values for different set of TFCs configured for each UE. Therefore, to avoid a possible degradation in scheduling performance due to the above-mentioned problem, option 1 is preferable.
Recommendation: The Node B scheduler control is based on the TFC index.
(3) Is the scheduling deterministic or probabilistic?
In probabilistic scheduling, each UE may perform probability test or execute a certain predefined algorithm to decide the data rate based on a kind of persistence parameter signalled by the Node B. On the other hand, in deterministic scheduling, the Node B scheduler would decide and inform the maximum allowed data rate for each scheduled UE. 
The probabilistic scheduling has less tight control on the uplink noise rise and hence would result in more unpredictable uplink noise rise variation. This would require larger RoT margin and hence reduce efficiency of the Node B controlled scheduling. 
Therefore, a deterministic scheduling mechanism is preferred to reduce the RoT margin and hence improve the scheduling efficiency.

Recommendation: The Node B controlled scheduling is deterministic.
(4) Is the scheduling grant absolute or relative (e.g., up/keep/down)?
With the relative scheduling grant, the step-wise rate adjustment can prevent a sudden increase of RoT. This property would be beneficial because the small variance in RoT can improve system throughput. The signalling overhead to support the relative scheduling grant would be small. 

Packet data transmissions are typically burst with large variations in their resource requirements. If a large amount of data abruptly occurs in the UE buffer while transmitting at low data rate, the step-wise rate increase will result in long ramp up delay to reach the required data rate even though the uplink load is very low. The ramp up delay can be a significant portion of the total transmission time depending on how much and how frequently data occurs in the UE buffer. A long ramp up delay would not be desirable. 

The absolute scheduling grant can indicate the absolute value of the maximum allowed data rate and hence can avoid the long ramp up delay. On the other hand, it would require larger signalling overhead than the relative scheduling grant. Hence, it would not be desirable to use the absolute scheduling grant when there is no abrupt occurrence of a large amount of data.

With the absolute scheduling grant, it would be possible to limit the number of simultaneous E-DCH transmissions that can behave as interference to each other. This may be beneficial if there are lots of UEs in the cell.
The above discussions can be summarized as follows:

· The relative scheduling grant would be beneficial in terms of a small variance in RoT and a small signalling overhead when the required data rate remains around a certain stable data rate.

· The absolute scheduling grant would be beneficial in terms of avoiding a long ramp up delay when a large amount of data occurs abruptly and its ability to limit the number of simultaneous E-DCH transmissions in a highly loaded cell.

Therefore, the recommendation is as follows.

Recommendation: Both of the relative scheduling grant and the absolute scheduling grant should be employed.
(5) Is the scheduling grant sent on a common resource, a dedicated resource, or a combination of two options?
If a scheduling grant is transmitted on a common resource, it should be accompanied by a UE ID to distinguish the scheduled UE. The UE ID can be signalled either explicitly or implicitly. The implicit signalling could be implemented by employing, e.g., UE-specific CRC similarly to the HS-SCCH defined in Rel-5. Because of the additional overhead for UE ID signalling, using the common resource would be preferable for the scheduling grant, which is not transmitted frequently. 
If a scheduling grant is transmitted on a dedicated resource, a certain amount of resource should be reserved while there is no need for transmitting the UE ID. Hence, the dedicated resource would be preferable to carry the scheduling grant, which is frequently transmitted and has small signalling overhead.
For the two types of scheduling grants recommended in (4), the followings are expected:

· The relative scheduling grant, e.g., up/keep/down, requires a small signalling overhead and would be transmitted frequently for fine adjustment of RoT allocation in a steady state.

· The absolute scheduling grant would be used for fast ramping up when a large amount of data occurs abruptly. Hence, it would not be transmitted frequently.
Therefore, the recommendation is as follows.
Recommendation: The relative scheduling grant is sent on a dedicated resource. The absolute scheduling grant is sent on a common resource.
(6) Can the UE indicate its status related to E-DCH?
Until now, four options have been identified as follows.
· Option 1: No reporting of the UE status.
· Benefits: No uplink signalling overhead.

· Drawbacks: Due to lack of information about the UE status, the Node B should estimate the UE status by observing the UE behaviour. This would result in increased delay in responding to a change in the UE status and more unpredictable RoT variation. 

· Option 2: A simple request for increasing the allowed resource.
· Benefits: Small uplink signalling overhead.

· Drawbacks: With this option, if a large amount of data occurs abruptly, the Node B cannot know about this event because the UE can just request a need for one step increase of the allowed resource. Therefore, the ramping up delay would be significantly increased. Furthermore, the Node B cannot compare the different situations of the different UEs, which information would be beneficial by allowing the Node B to allocate more resource to the UEs with more favourable status.
· Option 3: Power status reporting.
· Benefits: With this option, the Node B can compare each UE’s transmit power margin and uplink channel condition. The system throughput can be improved because this knowledge allows the Node B to allocate more resource to the UEs with better situations.

· Drawbacks: Increased uplink signalling overhead. However, a significant increase of uplink signalling overhead can be avoided by periodic reporting of the power status similarly to the CQI reporting in HSDPA.

· Option 4: Buffer status reporting.
· Benefits: The scheduling performance can be improved, since knowledge of each UE’s buffer status allows the Node B to allocate more resource to the UE having larger amount of data. It is noted that scheduling performance could be further improved by giving the Node B more detailed information, e.g., amount of data in each priority if E-DCH supports multiple priorities.
· Drawbacks: Increased uplink signalling overhead. However, a significant increase of uplink signalling overhead can be avoided by reporting the buffer status in an event-triggered way, e.g., only when a new data occurs.
Based on the above discussions, the recommendation is as follows.
Recommendation: The UE reports its power status as well as buffer status with proper means to avoid significant increase of uplink signalling overhead.
(7) Can the scheduling grant be changed per UE only or also per group of UEs?

Support of the scheduling grant specific to each UE should be mandatory for appropriate and tight resource control according to each UE’s demand. 
On the other hand, using a kind of common scheduling grant could be beneficial in terms of downlink signalling overhead in some special cases, e.g., when all UEs should be allocated a same scheduling grant. However, it is FFS if it is needed to group the UEs into multiple groups.
Recommendation: Dedicated scheduling grant is mandatory. A kind of common scheduling grant is also introduced. 
(8) How fast can the scheduling grant be changed?
Two options were identified: 1) TTI speed and 2) more than TTI, e.g., 20-100ms. 

Since the Node B will make ACK/NACK decision per TTI, it would be natural for the Node B scheduler to review the resource allocation and make a scheduling decision every TTI. Scheduling decision per TTI would result in improved RoT utilization as shown during the SI phase.
Recommendation: Scheduling decision is made every TTI and the scheduling grant can be changed per TTI.

(9) Should retransmission be scheduled or autonomous? 
Regarding the scheduling of retransmission, two options were identified:
· Option 1: Autonomous retransmission

· Benefits: Since the Node B sends no scheduling command for retransmissions, the signalling overhead is reduced. Reserving a predefined resource depending on the initial transmission, e.g., the same resource as the initial transmission would make the Node B scheduler implementation simpler.

· Drawbacks: No flexibility in controlling the resource for retransmissions. However, it would not be a drawback in realistic situation, since the Node B scheduler can take into account the resources reserved for retransmissions in making scheduling decision for initial transmissions.
· Option 2: Scheduled retransmission

· Benefits: Flexibility in controlling the resource for retransmissions. However, it is questionable how much gain can be obtained in terms of the system throughput considering the additional signalling overhead on both of uplink and downlink required to support the scheduled retransmission.

· Drawbacks: Increased signalling overhead.

Since a clear benefit of the scheduled retransmission is not seen, the autonomous retransmission is recommended.
With having the autonomous retransmission, the Node B scheduler reserves the same resource as the initial transmission. Therefore, by default, the UE should transmit the retransmission with applying the same power offset for E-DPDCH as the initial transmission. 

However, the required power may not be available at the retransmission instant due to e.g.

· Change in DCH TFC

· Increased transmit power due to power control to overcome channel variation

It was agreed in the last meeting in Cannes that logical channels mapped on the DCHs are always prioritised over those mapped on E-DCHs. 

To limit the total transmit power within the maximum power limit with having higher priority for DCH, it would be the natural way to decrease only the E-DPDCH power offset.

Recommendation: Retransmission is autonomous. Every E-DCH TTI, the UE shall estimate the power required for support of DCH as well as E-DCH retransmission. The UE should transmit the retransmission with applying the same power offset for E-DPDCH as the initial transmission if the required transmit power margin is available. Otherwise, only E-DPDCH transmit power is scaled down to limit the total transmit power within the maximum power limit.
(10)  Number of scheduling Node Bs when the UE is in soft handover

When the UE is in soft handover with more than one Node B, its E-DCH transmission would affect RoT condition of each Node B. If a single Node B, e.g., either the best downlink Node B or the best uplink Node B, is identified as the scheduling Node B, it cannot take into account uplink RoT condition of the other active set Node Bs. Therefore, the E-DCH transmission according to the single scheduling Node B’s command may cause significant amount of unexpected noise rise in other neighbouring Node Bs. This could deteriorate system throughput and stability. 
A possible way to avoid this problem would be to restrict the data rates allowed for the UEs in soft handover. However, it may restrict E-DCH transmission from the SHO UEs too much, which may mean that a user who is usually located in soft handover could be almost always disappointed. Therefore, this option is not recommended.

On the other hand, if the UE can take into account the scheduling commands of all neighbouring Node Bs in making data rate decision, it would be possible to avoid too much restriction on the data rate while maintaining unexpected RoT variation to a reasonable extent. 

Recommendation: The UE monitors the scheduling grants from all active set Node Bs when it is in soft handover.

(11)  Should the Node B know which scheduler the UE obeys?
According to the discussion in (10), the UE does not necessarily obey the scheduling command from a single Node B. A natural question would be if all Node Bs’ scheduling commands have the same significance. 
The impact of E-DCH transmission would be different for different cells, e.g., depending on uplink channel condition and RoT situation of each cell. It would be natural to allocate the highest significance to the scheduling command of the Node B experiencing the largest impact, which Node B could be called a primary Node B. A possible way to do so is to define a primary Node B for each UE and make it play a major role in scheduling as follows.

· The primary Node B is allowed to transmit both of the absolute and the relative scheduling grant.
· The non-primary Node Bs can just inform each UE if it cannot support even the current resource allocation. 

It may be needed to allow for certain UEs to follow the scheduling command only from the primary Node B to provide those UEs with the service with higher user throughput and quality.

To support the distinction described above, the recommendation is as follows. 
Recommendation: If the UE is in soft handover, an active set Node B is selected as the primary Node B and each active set Node B should be informed if it is the primary Node B. The primary Node B plays a major role in scheduling, i.e., only the primary Node B is allowed to transmit both of the absolute and the relative scheduling grant. The non-primary Node Bs can just inform each UE if it cannot support even the current resource allocation. The UE is informed by a higher layer signalling whether the scheduling command from the primary Node B is prioritized over the scheduling commands from the non-primary Node Bs.
3. Node B controlled scheduling mechanism
In this section, we describe a scheduling scheme satisfying the recommendations of section 2.
3.1. Signalling support on downlink
The Node B makes its scheduling decision every TTI and the downlink signalling to support scheduling can be transmitted per TTI. 
Following downlink control signalling is defined. 
· Scheduling assignment

· Consists of

· Identity corresponding to either
· A UE ID or
· A special ID indicating that the absolute scheduling grant is common for all UEs, which may be denoted as COMMON_SCH
· Scheduling grant indicating the absolute value of the UE pointer, which defines the allowed set of TFCs, or equivalently the maximum allowed data rate.
· Indication whether the scheduling grant is valid for a single or all HARQ processes.
· If the grant is valid for all HARQ processes, the grant is applied from the first new packet transmission for each HARQ process after the indication is set.

· Transmitted on a common resource. It is preferable to send the scheduling assignment on a shared code channel, which may be denoted as E-SCCH. 
· There can be multiple E-SCCHs transmitted from a single Node B. The RNC informs the UE about the set of E-SCCHs, which should be monitored. 
· The content of the scheduling assignment is accompanied by the CRC, which is masked by the identity in a similar way to HS-SCCH. 

· The Node B is allowed to send the scheduling assignment only to the UEs to which it acts as the primary Node B.
· Rate control command

· The rate control command is specific to each UE and is transmitted on a dedicated resource. It is FFS which channel should be used to transmit the rate control command.

· The rate control commands from the primary Node B indicate one step up/down or keep of the UE pointer.

· If the UE is in soft handover, the rate control commands from the non-primary Node B indicate “don’t care” or down.

· A non-primary Node B would send “don’t care” if it has enough RoT margin so that any change in the data rate of the interested UE can be accommodated.

· A non-primary Node B would send “down” if the amount of RoT occupied by the interested UE should be reduced.

3.2. Signalling support on uplink

The following scheduling information should be signalled on uplink to achieve efficient utilization of the uplink resource.

· Buffer status

· Denotes how much data currently remains in the UE buffer.
· Could also inform the Node B about the amount of data for each priority if E-DCH supports multiple priorities. 

· Transmit power status

· Could be either DPCCH transmit power or available power margin. 

· If the Node B knows about the UE maximum allowed transmit power set by the RNC, the Node B would be able to estimate the uplink channel condition as well as the UE power margin. This information would help the Node B better utilize the uplink RoT resource.

The signalling overhead due to the scheduling information reporting should be minimized. In [1], we discuss about possible methods to reduce the signalling overhead while guaranteeing efficient scheduling.
3.3. Scheduling mechanism
UE operation

· Overall operation
· The UE should monitor the scheduling assignment as well as the rate control command. 
· The UE should adjust the allowed set of TFCs according to either the scheduling assignment or the rate control command as follows:
· The UE with identity k should first check the identity (ID) of the scheduling assignment. 

· If either ID = k or ID = COMMON_SCH is detected

· The UE may transmit any TFC within the set allowed by the scheduling grant.

· Else if both of ID = k and ID = COMMON_SCH is detected

· The UE may transmit any TFC within the set allowed by the scheduling grant of the dedicated scheduling assignment with ID = k; the dedicated scheduling assignment is prioritized over the common scheduling assignment.

· Else (the UE detects no scheduling assignment)

· The UE may transmit any TFC within the set adjusted according to the rate control command. 

· The allowed set of TFCs is valid until a new scheduling command is received.

· The scheduling assignment, if received, is prioritized over the rate control command.

· The UE may transmit the buffer status upon occurrence of the new data in its buffer. The transmit power status is reported periodically to the Node B when there is data in the UE buffer.

· UE scheduling operation in relation with hybrid ARQ

· If the UE receives ACK 
· The UE should monitor the scheduling command and adjust the allowed set of TFCs accordingly. The scheduling command is applied per HARQ process.
· Else (the UE receives NACK)

· The UE shall estimate the power required for support of DCH as well as E-DCH retransmission.

· The UE should transmit the retransmission with applying the same power offset for E-DPDCH as the initial transmission if the required transmit power margin is available. Otherwise, the UE should decrease the E-DPDCH power offset to meet the available transmit power margin. 
· Operation when the UE is in soft handover

· The UE should monitor the scheduling assignment sent only from the primary scheduling Node B. The UE may receive the rate control commands from the non-primary Node B(s) as well as the primary Node B. The UE is informed by a higher layer signalling whether the scheduling command from the primary Node B is prioritized over the rate control commands from the non-primary Node Bs. 
· If the primary Node B’s scheduling command is prioritized

· The UE checks the scheduling assignment and the rate control command only from the primary Node B and adjust the allowed set of TFCs according to them.

· Else (the non-primary Node B’s rate control command is prioritized)
· The UE first checks the rate control commands from the non-primary Node B(s). 
· If there are multiple non-primary Node Bs, the UE combines the rate control commands from them into a single one by, e.g., choosing the worst one or applying weighting factor (determined by the network) to each one. Exact combining algorithm is FFS. 

· If the combined rate control command from the non-primary Node B(s) is down 
· The UE decreases the allowed set of TFCs by one step.
· Else (the combined rate control command from the non-primary Node B(s) is “don’t care”)

· The UE adjusts the allowed set of TFCs according to the primary Node B’s scheduling command.

Node B operation

· The Node B scheduler may decide which UEs are allowed to jump up the UE pointer by multiple steps and sends the scheduling assignment to those selected UEs. 
· The Node B may send the rate control commands to the UEs that are not given the scheduling assignment.
· If the Node B wants to allow E-DCH transmission only for a subset of UEs, it can send a common scheduling assignment allowing only minimum set transmission while sending the dedicated scheduling assignments to the selected UEs, which allows non-minimum set transmission. 
· All UEs except the selected UEs are allowed to transmit only minimum set. 

· It is noted that the Node B could send the scheduling assignment to jump down the UE pointer by multiple steps. Such fast ramping down makes it possible for the Node B to quickly release the uplink resource for the UE that is currently transmitting but does not have any more data to transmit.

Example

An illustration of the scheduling mechanism is shown in Figure 1. In Figure 1, there are three HARQ processes and the scheduling command is applied per process. It is assumed that the UE never meets the power shortage situation. For simplicity, only one HARQ process is shown. It is noted that Figure 1 aims to illustrate the proposed scheme conceptually and the exact timing relationship for the L1 signalling and E-DCH transmission is FFS. ‘U’, ‘K’, and ‘D’ denote ‘up’, ‘keep’, and ‘down’, respectively. 
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Figure 1: Example operation of the Node B controlled scheduling

When the Node B sends NACK to a UE, it sends the UE neither the rate control command nor the scheduling assignment. When the UE receives no scheduling assignment, it adjusts the allowed data rate according to the rate control command. For example, at t3, the UE increases data rate to 240 kbps from 160 kbps upon receiving the rate control command ‘up’. At t4, the UE transmits the retransmission with applying the same E-DPDCH power offset upon receiving NACK.

At t3, the UE reports the buffer status as new data occurs in its buffer. 
At t7, the UE sets the data rate as 1 Mbps according to the scheduling assignment. After that, the UE adjusts the data rate according to the rate control command. Finally, at t11, the Node B sends the UE a scheduling assignment allowing only minimum set transmission. 

To help the Node B to estimate the uplink channel condition as well as the available power margin, the UE periodically reports the transmit power status to the Node B with period of TTPS when there is data waiting for transmission in its buffer.
4. Conclusions
In this contribution, we discussed the issues raised regarding Node B controlled scheduling and made recommendations for the requirements of the Node B controlled scheduling. We also described a scheme to fulfil the recommendations. 
Our recommendations are summarized below and we propose to adopt them as the working assumptions.

Recommendations:

· The Node B scheduler controls the maximum allowed E-DPDCH power offset over the DPCCH through control of the allowed set of TFCs in a deterministic way.

· Both of the relative scheduling grant and the absolute scheduling grant should be employed.

· The relative scheduling grant is sent on a dedicated resource. 

· The absolute scheduling grant is sent on a common resource.

· The UE reports its power status as well as buffer status with proper means to avoid significant increase of uplink signalling overhead.

· Dedicated scheduling grant is mandatory. A kind of common scheduling grant is also introduced.

· Scheduling decision is made every TTI and the scheduling grant can be changed per TTI.

· Retransmission is autonomous. Every E-DCH TTI, the UE shall estimate the power required for support of DCH as well as E-DCH retransmission. 
· The UE should transmit the retransmission with applying the same power offset for E-DPDCH as the initial transmission if the required transmit power margin is available.

· If the required power is not available, only E-DPDCH transmit power is scaled down to limit the total transmit power within the maximum power limit.

· The UE monitors the scheduling grants from all active set Node Bs when it is in soft handover.

· An active set Node B is selected as the primary Node B and each active set Node B should be informed if it is the primary Node B. The primary Node B plays a major role in scheduling, i.e., only the primary Node B is allowed to transmit both of the absolute and the relative scheduling grant. The non-primary Node Bs can just inform each UE if it cannot support even the current resource allocation.
· The UE is informed by a higher layer signalling whether the scheduling command from the primary Node B is prioritized over the scheduling commands from the non-primary Node Bs.

Furthermore, we propose to capture the signalling support and the UE/Node B behaviour described in this contribution into the WI TR 25.808.
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