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1.
Introduction
Following is copied from section 11.1 of TS 36.300:

The scheduler should take account of the traffic volume and the QoS requirements of each UE and associated radio bearers, when sharing resources between UEs. Only “per UE” grants are used to grant the right to transmit on the UL-SCH (i.e. there are no “per UE per RB” grants).

Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.

Radio resource allocations can be valid for one or multiple TTIs.

Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).
Though the underlined text has been in the spec for a long time even before persistent scheduling is agreed, it is not clear from the text how scheduling and HARQ are related. In fact, detailed clarification for scheduling and HARQ is missing in stage-2.
In this document, radio resource allocation method for uplink is discussed in relation to HARQ.
2.
Discussion
Q1. Resource Allocation for Re-transmission
Section 1.1.2 of TS 36.300 states that:

In addition, E-UTRAN can allocate a predefined uplink resource for the first HARQ transmissions and potentially retransmissions to UEs. In the sub-frames where the UE has been pre-assigned resource, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), an uplink transmission according to the pre-defined allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has been pre-assigned resource, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE’s transmission follows the L1/L2 control, not the pre-defined allocation. Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel(s) in which case the UE does not follow the pre-defined allocation.
In this description, the resource allocation for re-transmission is stated with regard to the pre-defined allocation. Basically, this text is included as a result of discussion in RAN2 #58, and the TP from [1]. The discussion at that time was mainly on VoIP optimization and persistent scheduling. So, it is unclear whether the text also applies when dynamic radio resource allocation is used. 

At least, the clarification on what is pre-defined allocation in above text is needed. The information regarding pre-defined allocation can be delivered over:

1) RRC message: 

By RRC configuration message, eNB can configure persistent scheduling. This is the case where VoIP is used. When pre-defined allocation is done over RRC message, the configuration of the scheduled resource is valid as long as RRC message which de-allocates the configured resource is not received. 
2) L1/L2 control channel:
When allocation information for initial transmission is transmitted over PDCCH, the allocated resource is also valid for re-transmission of the HARQ operation. In this case, the configuration is valid until maximum number of re-transmission is reached. I.e., the configuration is valid at least for only one MAC TB transmission.
But, this explanation does not fit to the above text highlighted in yellow. On the other hand, this explanation can be applied for the above text highlighted in green.

Regardless of what the pre-defined resources means in current TS, it can be discussed whether above 2) is the basic operation for dynamic resource allocation. In this aspect, companies view seems to be different [2] [3] and clear text seems missing in current stage-2 TS. I.e., it is ambiguous whether non-adaptive or adaptive is baseline or not. There are two possibilities for basic UL scheduling operation as shown in figure 1 and 2. 
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Fig 1 UL dynamic allocation both for initial and ReTX
The figure 1 shows the case when eNB indicates the used radio resource at each retransmission. I.e, the allocation information for initial transmission is not valid for re-transmission.
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Fig 2 UL dynamic allocation only for initial TX
On the other hand in the figure 2, the radio resource for each retransmission is implicitly assigned when the eNB allocates radio resources for initial transmission.

One can argue that figure 1 is a subset of figure 2. I.e., if allocation message is not received at the timing of re-transmission, the allocation information received at initial transmission is valid. 
But depending on which one is baseline, the UE operation can be different. For example, if figure 1 is baseline, when a UE fails in decoding PDCCH at the HARQ retransmission timing, the UE should not transmit anything. But if figure 2 is baseline, even when UE fails in decoding PDCCH at the synchronous timing, the UE can transmit over the resource assigned at initial transmission. In this case, there is a possibility of resource collision when eNB has really sent overriding scheduling message and UE has missed the new grant.
Conclusion:

It is proposed to clarify
· Whether figure 1 or figure 2 is baseline procedure for UL HARQ with dynamic scheduling. 
· What ‘pre-defined’ or ‘pre-allocation’ means in current TS.

· How ‘pre-defined resources” is signalled, is it RRC or L1/L2.   
Q2 Maximum number of retransmission

Next, it should be decided whether the maximum number of retransmission is dynamic value or static value. 
If the value of the maximum number of retransmission is static, it may be same for all the processes and it should be configured at bearer setup. The example for this case is already shown in figure 2 above. In the figure 2, it is assumed that maximum number of retransmission is 2 regardless of process ID or the type of data in the MAC PDU.
But, because each RB has different QoS requirement, it can be questionable that the maximum number of retransmission can be same for all the processes, regardless of the data in the transport block. Furthermore, data over the persistent scheduled resource may require low maximum number. For example, VoIP over persistent scheduling may use 1 or 2 max retransmission and SRB or TCP over dynamic scheduling may use 4 or 5 max retransmission. Thus, when there are RBs of different QoS, the maximum number of retransmission may be different. 
If maximum number of retransmission is dynamic value, there are two possibilities. 
First one is that the maximum number of retransmission is notified at resource allocation for initial transmission. Based on the buffer status report, the eNB may know what the highest priority data is in UE buffer. Using this information, the eNB can decide the maximum number of re-transmission. This is shown in the following figure 3. In the figure, the value of the maximum number of retransmission is sent with allocation message.
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Fig  3 UL Dynamic Max number of ReTX (Based on figure 2)
Another possibility is that the retransmission can continue until resource allocation for the HARQ stops or new initial transmission is indicated. This is shown in figure 4.  
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Fig 4 Alternative UL Dynamic Max number of ReTX (Based on figure 1)
In the figure 4, the UE does not know the maximum number or retransmission for each process. Each allocation message indicates whether the transmission is for new transmission (New) or retransmission (ReTX). Only when the UE finds that new initial transmission is indicated (time M in the figure 4) or when it finds no more resources allocation (time K in the figure 4) for the retransmission, it knows that it has reached the maximum number of retransmission and it has to flush HARQ buffer..
Conclusion:

It is proposed to decide:

· Whether maximum number of re-transmission is dynamic value or static value

· In case of dynamic value, whether to signal the maximum number of re-transmission. 
Q3. Per process or Per UE resource allocation

It is unclear whether an allocation message can be meant for only the related HARQ process or all the HARQ processes. In E-DCH of Rel-6 WCDMA, using the process activation and de-activation procedure, the Node-b can control the amount of allocated resources and reduce control overhead on a grant channel.

If one allocation message can be applied to multiple processes, the overhead over UL grant channel can be reduced. In fact, in downlink direction, there are many overhead channels. Thus, it seems desirable to reduce UL resource allocation message as much as possible. In fact, when same PRBs/MCS are used for multiple processes, a single grant message seems desirable.
Following figure 5 shows the case when one allocation message is valid only for one message. And figure 6 shows the case when one allocation message is valid for all active processes.

[image: image5.emf]Time

FREQ

Alloc

ation

Alloc

ation

Alloc

ation

Alloc

ation

L1/L2 control channel (UL Grant)

UL-SCH

Time

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Process

No

Alloc

ation

Alloc

ation

Alloc

ation

Alloc

ation

Fig 5 One allocation message for each HARQ process (based on figure 2 above)
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Fig 6 One allocation message for all HARQ processes (based on figure 2 above)
As shown in the figure 6 compared to figure 5, if one allocation message intends for all the HARQ processes, the overhead in L1/L2 control channel can be reduced. But one allocation message for all HARQ processes limits some flexibility in resource allocation. Then, it may be beneficial for an allocation message to include the information of valid processes. This is some compromise between overhead reduction over UL grant channel and resource allocation flexibility.
Conclusion:

It is proposed to decide:

· Whether a UL grant message can be valid for only one process or more than one process

· If a UL grant message can be valid for more than one process, the granularity of processes in a resource grant message. 
3.
Conclusion
One of the reasons behind adopting persistent scheduling is to reduce load over PDCCH. Thus, resource allocation mechanism also should be optimized as much as possible. Though current stage-2 TS slightly mentions “multiple TTI” allocation, it does not clearly state what is the intended HARQ behaviour. 

In this document, we raised several questions and showed possible alternatives for resource allocation in relation to HARQ operation. It is proposed to discuss questions in section 2 and to decide on a desirable operation and update TS accordingly.
4.
Reference
[1] R2-072324, TP for UL Scheduling, 

[2] Re: [RAN2-59, Point 2b] Email agreement of MAC TP on HARQ clarifications for TDD and for grants, E-mail discussion over RAN2 reflector, 07/09/2007
[3] R2-073062, Non-Adaptive HARQ in E-UTRAN uplink, Nokia Siemens Networks





















1
1

_1248251596.vsd
Time


FREQ


Allocation


Allocation


Allocation


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No



_1248263955.vsd
Time


FREQ


Allocation


Allocation


Allocation


Allocation


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No


Allocation


Allocation


Allocation


Allocation



_1251793574.vsd
Time


FREQ


Allocation
New


Allocation
ReTX


Allocation
New


Allocation
New


Allocation
ReTX


Allocation
ReTX


Allocation
ReTX


Allocation
ReTX


Allocation
ReTX


Allocation
ReTX


Allocation
New


Allocation
ReTX


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No


K


M



_1248263986.vsd
Time


FREQ


Allocation


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No


Allocation



_1248251662.vsd
Time


FREQ


Allocation
max3


Allocation
Max5


Allocation
max3


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No



_1248251579.vsd
Time


FREQ


Allocation


Allocation


Allocation


Allocation


Allocation


Allocation


Allocation


L1/L2 control channel (UL Grant)


UL-SCH


Time


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


1


2


3


4


Process
No



