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1. Introduction

The scheduling of uplink enhancement at Node B could be done by TFC domain or power domain [2]. In this document, we further compare several scheduling points on coding chain. The options we compared were
- Logical channel domain
- Transport channel domain
- Physical channel bit domain
- E-DPDCH power domain
- Non-DPCCH power domain
- Total power domain
The addition from R1-040711 is shown with revision mark. Cosmetic type modification was done without revision mark.
2. Discussion
Contrast to downlink scheduling; generally we can assume uplink transmission is not code limited. Therefore, we can assume the coding rate could be usually constant regardless of the bit rate. Assuming this, we have several points to control uplink resource. There wouldn't make much difference of what is controlled as power and bit rate but more detail analysis makes difference. Following figure shows several possibilities to control uplink resource. In EUDTCH coding chain, we recognized following methods: 
- Logical channel domain
- Transport channel domain
- Physical channel bit domain
- E-DPDCH power domain
- Non-DPCCH power domain
- Total power domain

We see this discussion is rather orthogonal to the scheduling scheme as such time/rate scheduling, rate scheduling and fast scheduling by persistence control. Maybe some scheduling method is more suitable in some scheduling points.
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Fig 1. Channel coding chain and scheduling point
2.1. Logical channel- domain scheduling
This scheduling controls each logical channel bit rate in case of multiple RLC enteritis. Therefore a merit is the scheduler can coordinate QoS aspect between different UEs. In here, we call this scheduling behaviour as QoS awarded scheduling. That is, the scheduler can make a trade off between the UE with higher priority information with bad radio channel condition and the UE with lower priority information with good channel condition (See following figure). This logical channel domain scheduling is possible such as scheduling behaviour because the scheduler is aware logical channel. Other than logical channel domain scheduling, QoS handling is carried out within one UE and not carried among UEs. The fairness among UEs is considered or not is different topic from QoS awarded scheduling.
The required signalling in downlink/uplink would increase to other scheduling points because it is necessary to distinguish different RLC queue. The other approach to reduce the signalling is to have pre-defined timing relation for different transport channel [5] [6]. But this approach would reduce scheduling frequency and maybe reduce the scheduling gain. The separate logical channel would also have a possibility that UE cannot fill the scheduled resource. This is also demerit of this scheme.
The downlink signalling and uplink queue status report are not necessary to be symmetric. Therefore, to inform priority information (or logical channel information) in uplink only but downlink is other than this scheme is possible. Uplink aspect should be discussed separately from this downlink scheduling method comparison.

The difference of beta factor depending on target initial target BLER makes the scheduler behaviour complicated to manage RoT level because beta factors are given to L1 by MAC-e for each transmission. But if we assume initial target BLER is decided by logical channel ID, the scheduler can know RoT variation.
Retransmission maybe is also controlled differently if retransmission is also scheduled. In case of retransmission is always autonomous, retransmission aspect is no difference from others. 

The scheduling content is applied only to E-DTCH mapped logical channels.
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Fig 2. QoS awarded scheduling
2.2. Transport channel- domain scheduling
This scheduling scheme controls amount of MAC-e bit rate i.e. transport channel bit rate. It is as same as to control transport block size in single transport channel. This method is described in [1]. The QoS coordination is done within one UE via TFC selection. Therefore, QoS awarded scheduling described in previous section is not possible. 
The downlink scheduling information would control transport block size. In time/rate scheduling, it would be directly informs the transport block size UE should send. In rate scheduling, rate up means higher transport block size and rate down means lower transport block size. Therefore, the scheduler should aware the transport block size and the power relation to manage RoT. If transport block size configuration is common in a system as similar to HSDPA, it might not so difficult but that would require more signalling range. If transport block size configuration is dedicated to UE (the transport block size configuration could be different among UEs, similar to DCH), the scheduler would be complicated because it should handle each UE's configuration. 
The difference of beta factor depending on target initial target BLER makes the scheduler behaviour further complicated because beta factors are given to L1 by MAC-e for each transmission based on the agreement at last RAN2 meeting. If the choice of logical channel and/or multiplexing of logical channel are done within UE, the choice of beta factor is not known when scheduler assigns this UE. This means the scheduler have a difficulty to control RoT.

The required signalling in downlink/uplink would decrease from logical channel domain scheduling because of only control one transport channel. The scheduling efficiency would be improved because of multiple logical channel would fill resource more efficiently.
In synchronous retransmission, there is a case that UE cannot transmit with scheduled power. In such case, no transmission or transmit with reduced power is one possible approach [8]. 
The scheduling content is applied only to E-DTCH mapped logical channels.
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Fig 3. Transport block size is common or dedicated? 
2.3. Physical channel bit domain scheduling
This scheduling scheme controls the number of bits at physical layer. That is equivalent to inform spreading factor and the number of codes if EUDTCH is transmitted different code. QoS awarded scheduling is not possible. QoS is handled within one UE. From first transmission (i.e. except retransmission), the behaviour is similar to transport channel domain scheduling. The difference is in the retransmission. 
RAN1 agreement is IR as HARQ scheme. In IR, the amount of transmit bits is controllable by puncturing or adding more parity bits, although the number of MAC-e bits (i.e. bits for encoding) is constant. Therefore, if the scheduler request to reduce the physical channel bits (or to make the rule to reduce the bits) in retransmission, the amount of transmission bits is also reduced. If the scheduler requests to increase the physical channel bits, the amount of transmission bits is also increased. The similar behaviour can be carried out by changing the power only. The benefit to change the number of physical channel bit is additional coding gain. On the other hand, the problem of coordinating the number of bits by HARQ is rather contradictory behaviour to channel sensitive scheduler. That is if the scheduler allocates more resource to UE means better channel condition. On the other hand, coordination by HARQ is adding more physical channel bit. It makes lower coding rate. Therefore, this behaviour is contradicted to the initial assumption that coding rate is constant among the entire bit rate. The UE behaviour to respond the scheduler could be different between first transmission to make coding rate constant and retransmission to make coding rate adjustable.
Another demerit is signalling granularity is limited because spreading factor and number of codes have only integer value. (You cannot say SF=5.5!)
QoS awarded scheduling is not possible as similar to logical channel domain scheduling.
Scheduling efficiency is similar to transport channel domain scheduling.
The scheduling content is applied only to E-DTCH mapped logical channels.

2.4. E-DPDCH power domain scheduling

This scheduling scheme controls the power of E-DPDCH. This is equivalent to control gain factor for E-DTCH in a case of single code transmission for E-DPDCH. Please note that the absolute power itself is not scheduled. The power ratio to DPCCH is informed to UE. The mapping from the power (or gain factor) to transmit logical channel bits is done similar to TFC selection scheme. In this scheduling method, you can have a trade off between low-number of bits with higher power and high-number of bits with the same power. This means energy per bit is controllable, although it is not necessary if the assumption is coding rate is constant. This ability to control energy per bit is required when different initial target BLER depending QoS is required. 
Different Node B vender or different receiver structure might have different performance. This difference could be captured by varying power or coding rate. If we took the approach which the coding rate is automatically extracted from the number of transmitted bits [7], we don't have a freedom of coding rate at least initial transmission. In such case, to adjust the transmit power fits for Node B receiver would be one of possibility. Therefore, the relation between the E-DPDCH power and the number of transmitted bits/coding rate should be adjustable by some signalling. To reuse the function of power and bit mapping with current TFC selection could probably simplify the function but might add some evaluation delay. To overcome this, [4] propose to add new functionality block for power and bit/coding relation. 
In this power domain scheduling, there are three parameters, which are the power, coding rate and bit rate. These three parameters relation should be controllable by the network.

Another possible merit of power domain scheduling is relatively ease than bit domain scheduling in soft handover if multiple Node Bs are identified as valid scheduling entities. The algorithm would be similar to TPC command handling of SHO. "OR" of down would be one possibility.
Yet another difference in power domain scheduling to previous scheduling schemes is the possibility to decouple HARQ aspect and scheduling. The scheduler can allocate some power resource to some UEs without considering HARQ aspect. UE may transmit initial transmission or retransmission within scheduled resource.  Then, Node B can focus on management of RoT resource utilization. The demerit of such scheduler operation is reasonable resource may not be allocated for the retransmission. Then, there is a possibility of high number of retransmission. In order to limit the reasonable number of retransmission, the scheduler may be aware whether retransmission or initial transmission although asynchronous HARQ is difficult to distinguish these two cases.

Some say the merit of time and rate scheduling to rate scheduling is the scheduler can control the number of downlink Ack/Nack by controlling the number of simultaneous users. But this merit is not obtained at the power domain scheduling with time/rate scheduling. The reason is only controlling power means there is always possibility that some transmission may happen. Especially, some threshold of the power which UE can transmit arbitrary timing, if the power is lower than this threshold, is introduced. Although one can argue as this is demerit because you cannot control downlink resource, one can also argue this is a merit because quick transmission without waiting scheduled transmission for TCP ack/nack improves downlink performance.
QoS awarded scheduling is not possible as similar to transport channel domain scheduling.

The scheduling content is applied only to E-DTCH mapped logical channels.

2.5. Non-DPCCH power domain scheduling

This scheduling scheme controls the power of non-DPCCH channels. Please note that the absolute power itself is not scheduled. The power ratio to DPCCH is scheduled. Therefore, the power ratio for DPDCH, E-DPDCH is controlled. E-DPCCH is also controlled. The transmission power relation with HS-DPCCH could be also controlled in this scheme. The legacy channel's power like DPDCH and HS-DPCCH should not change from previous releases. Therefore, at first, UE estimate the required power for DPDCH and/or HS-DPCCH. Then, remaining power is allocated for E-DPDCH and/or E-DPCCH. The merit of this scheduling scheme is at the case of DTX of DPDCH or smaller transmission bit rate of DPDCH by source behaviour. In such case, E-DPDCH can utilize full allocated resource. Then, the scheduler is not necessary to allocate some RoT resource for DPDCH fraction for EUDTCH capable UE. The dynamic sharing between DTCH and HS-DPCCH/E-DPDCH/E-DPCCH is done by UE. In case TTI is different or transmission timing is different, similar method to HS-DPCCH could be used for power reservation like actual based power estimation or something else. This would be the area for further discussion.
It maybe useful that a parameter to configure not to reduce non-DPCCH power than some certain threshold. This parameter is configured by RNC via RRC signalling to UE. This parameter should be also informed to the scheduler via Iub (NBAP). If you set this value as same as DPDCH power, you can assure that DPDCH power is not reduced. This is useful when you want to reserve power more than minimum set of TFCs. If you set this value as zero, Node B scheduler can control also only DPDCH power.

The power allocation between the first transmission and retransmission(s) may vary depending on the activity of DPDCH. There are two approaches for this. When DPDCH is not transmitted, one is to increase the power only. Then you just improve the reliability of the transmission but not improve bit rate. The other is to increase the bit rate with keeping energy/bit constant. Then you will obtain the improvement of the bit rate but retransmission may not have enough power. The choice of two depends on 1) how often DPDCH is DTXed or reducing the bit rate and 2) what is the average retransmission. On high average retransmission configuration, just improve the reliability looks better. On low average retransmission configuration, to have high bit rate seems better.
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Fig 4. The difference of power allocation when DPDCH is not transmitted.
QoS awarded scheduling is not possible as similar to transport channel domain scheduling.

The scheduling contents is applied all UE's transmission except DPCCH.
2.6. Total power domain scheduling

This scheduling scheme controls UE's total power including DPCCH. The difference from Non-DPCCH power domain scheduling is to include DPCCH power. Therefore, the absolute UE transmission power is scheduled. This makes difference to the interaction with inner power loop control. In other scheduling scheme, the allocated power ratio to DPCCH is constant although the change of DPCCH power by inner loop control. On the other hand, total power domain scheduling makes the ratio varies depending on the change of DPCCH power by inner loop control. If radio channel condition gets good, then DPCCH transmission power would be reduced. Then, in transmission power domain scheduling, the bit rate for E-DTCH and DTCH would increase. If radio channel condition gets worse, DPCCH transmission power would be increased and E-DTCH/DTCH bit rate would be decrease. This implies channel sensitive behaviour is indirectly implemented. This is what R99's whole TFC selection is doing.
The difference of behaviour in good/bad channel condition at two schemes is shown in the figure below. When we compare two behaviours at reception power at Node B, total power domain scheduling would make more dispersion of RoT. Therefore, the scheduler should to try to minimize the variation of RoT. On the other hand, the higher allocation power to good channel condition has a possibility of the higher scheduling gain without channel sensitive scheduler (because UE automatically behave as channel sensitive behaviour.)
This total power domain scheduler may be more suitable for persistence control type scheduler than explicit rate or time/rate scheduling, which the scheduler itself can behave as channel sensitive scheduler. To control RoT level constant in persistence control type scheduler, the statistical fairness criteria should be introduced. It's like the frequency of the higher E-DPDCH (and DPDCH) power should be reduced than the frequency of the lower E-DPDCH (and DPDCH) power.
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Fig 5. The difference of total power domain scheduling in good/bad channel condition 
at UE side transmitted power and reception power at Node B
QoS awarded scheduling is not possible as similar to transport channel domain scheduling.

The scheduling contents is applied all UE's transmission.
3. Comparison of the scheme

In following table, we compared different schemes.

Table 1. Comparison of scheduling points
	Scheduling domain name
	Logical channel domain
	Transport channel domain
	Physical channel bit domain
	E-DPDCH power domain
	Non-DPCCH power domain
	Total power domain

	QoS awareness scheduling
	Possible
	Not possible
	Not possible
	Not possible
	Not possible
	Not possible

	QoS handling within UE
	Not required(QoS is handled by the scheduler)
	Possible and required
	Possible and required
	Possible and required
	Possible and required
	Possible and required

	Number of bit adjustment by HARQ
	Not possible
	Not possible
	Possible
	Possible if you want
	Possible if you want
	Possible if you want

	Possibility of scheduling in SHO
	Probably difficult
	Probably difficult
	Probably difficult
	Similar to TPC (i.e. "or" of down) approach
	Similar to TPC (i.e. "or" of down) approach
	Similar to TPC (i.e. "or" of down) approach

	Scheduling contents
	RLC contents mapped to E-DCH only
	E-DCH only
	E-DCH only
	E-DCH only
	Except DPCCH, i.e. E-DPDCH, DPDCH, HS-DPCCH and other control channels
	All transmission power including DPCCH

	Resource allocation
	Up to scheduler
	Up to scheduler
	Up to scheduler
	Up to scheduler
	Up to scheduler
	Channel sensitive behaviour is embedded.


From scheduler perspective, lower layer scheduling method is simpler because it does not necessary to think about QoS aspect, transport block size aspect, HARQ aspect and power aspect. The scheduler can focus the management of RoT. These aspects are handled by UE.
On the other hand, from UE perspective, higher layer scheduling method is simpler because it does not necessary to think about QoS aspect, transport block size aspect and HARQ aspect (depending on scheduling points) and power relation. These aspects are handled by the scheduler.
The lower layer scheduling method own UE behaviour. The timing constraint is more relaxed because of no signalling delay by the scheduler. Therefore, HARQ adjustment or resource sharing between DPDCH/E-DPDCH is possible. That implies more standardized UE behaviour require more specification work. There would be certain trade-off between above schemes.
We certainly see the combinational scheme of above. Our proposal is to agree non-DPCCH power domain scheduling as a base line scheduling point. And then, we also propose to continue the discussion trying to minimize the demerit of this scheme.
4. Conclusion
In this document, we compared scheduling points. Compared scheduling points are following: 
- Logical channel domain scheduling
- Transport channel domain scheduling
- Physical channel bit domain scheduling
- E-DPDCH power domain scheduling
- Non-DPCCH power domain scheduling
- Total power domain scheduling

These scheduling methods have different characters. Our proposal is to agree non-DPCCH power domain scheduling or E-DPDCH power domain scheduling as a base line scheduling point. And then, we also propose to continue the discussion trying to minimize the demerit of this scheme.
5. Reference
[1]
TR 25.896 v6.0.0 Feasibility Study for Enhanced Uplink for UTRA FDD (Release 6)
[2]
R1-031333, Alternative signalling method to control NodeB controlled TFC, Panasonic, RAN1#35
[3]
R1-040417, Alternative signalling method to control NodeB allowed TFC and UE transmit power, Mitsubishi, RAN1#37
[4]
R1-040482, Node B controlled scheduling by transmit power restriction, LG Electronics, RAN1#37
[5]
R1-040596, Comparison of Per-UE, Per-Flow, Per-Cell basis Signalling in Rate Scheduling, NEC, RAN1#37
[6]
R1-031201, Efficient rate scheduling to support multiple transport channels, NEC, RAN1#35
[7]
R1-031182, Rate Matching Parameter, Samsung, RAN1#35
[8]
R2-041281, Synchronous retransmission for E-DCH, Panasonic, RAN1/RAN2 adhoc

Contact person:
Hidetoshi Suzuki
_1148908431.vsd
�

�d�g���

�

�g���d�b�

�

�

�

Node B scheduler�

UE with higher priority information in bad channel condition�

�

UE with lower priority information in good channel condition�

�


_1148925893.vsd
�

Scheduled power
in non-DPCCH
power �

When DPDCH
is transmitted�

E-DPDCH�

DPDCH�

DPCCH�

E-DPDCH�

DPCCH�

When DPDCH
is not transmitted�

Non-DPCCH power domain scheduling�

Scheduled power
in E-DPDCH�

When DPDCH
is transmitted�

E-DPDCH�

DPDCH�

DPCCH�

E-DPDCH�

DPCCH�

When DPDCH
is not transmitted�

E-DPDCH power domain scheduling�


_1152430430.vsd
�

Non-DPCCH power domain scheduling�

Total power domain scheduling�

�

�

Bad channel condition 
(far from Node B etc)�

Good channel condition 
(Near to Node B etc)�

DPCCH power�

E-DPDCH power�

Transmission 
power at UE side�

Bad channel condition 
(far from Node B etc)�

Good channel condition 
(Near to Node B etc)�

�

Bad channel condition 
(far from Node B etc)�

Good channel condition 
(Near to Node B etc)�

DPCCH power�

E-DPDCH power�

Controlled by the scheduler�

Reception 
power at Node B�

Controlled by the scheduler�

Transmission 
power at UE side�

DPCCH power�

E-DPDCH power�

�

Controlled by the scheduler�

�

Bad channel condition 
(far from Node B etc)�

Good channel condition 
(Near to Node B etc)�

DPCCH power�

E-DPDCH power�

Controlled by the scheduler�

Reception 
power at Node B�


_1148917424.vsd
�

Transport block size configuration is common�

Transport block size configuration is dedicated�

TBS0�

TBS1�

TBS2



�

UE-A�

TBS2



�

TBS1�

TBS0�

UE-B�

TBS2


�

TBS1
�

TBS0�

UE-A�

TBS2



�

TBS1�

TBS0�

UE-B�


_1148753903.vsd
�

RLC�

MAC�

Coding�

Transmission power�

HARQ/Rate matching�

Physical channel bits�

Beta factors�

Logical channel 
domain scheduling�

Transport channel
domain scheduling�

Physical channel
domain scheduling�

E-DPDCH 
power domain
scheduling�

Non-DPCCH power
domain scheduling�

Total power domain 
scheduling�


