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1. Introduction
In RAN2#45bis meeting the scheduling mechanism was quite intensively discussed and certain progress was made. However there are still some scheduling related issues, which need to be clarified. Therefore we discuss further clarification on following AG/RG issues.

- Combination of AG/RG

- Handling of AG/RG during retransmission

- Precedence of AG/RG

- Hysteresis method

2. Combination of AG/RG
Currently, a huge number of combinations of AG/RG are allowed according to TS25.309. Table 1 and Table 2 list all the combinations for the “RG mode” respectively “non-RG” mode operation. 24 combinations for the “RG based” and 12 combinations for the “non-RG based” mode operation are allowed. In the tables, “common” type of grant denotes a “group” type of grant. Among the listed combinations in the table, some of the combinations might be unlikely to be used. Therefore we also added Panasonic’s questions as “necessary?” in blue. We think reduction of the number of combinations also reduces the effort at a later phase (e.g. detailed design and test). Hence the time to the market for HSUPA could be reduced.

Dedicated RG from non-serving RLS

To minimize the amount of signalling from non-serving RLS is better for the DL signalling load. We are not clear whether dedicated RG from non-serving RLS is really required or not, since we could also have common RG. If we remove dedicated RG from non-serving RLS, the number of combinations could be significantly reduced. From UE point of view, when UE behaviour is exactly the same between dedicated and common RG, these combinations does not increase UE complexity and test effort. Therefore we propose either a) to specify exactly same UE behaviour between dedicated and common RG or b) to remove dedicated RG from both RG mode and non-RG mode. Our possible concern of the difference between dedicated RG and common RG is timing related topic but these timing topic are up to RAN1 discussion.

Dedicated AG in non-RG mode

In our understanding, main motivation of the proponents of non-RG mode is the concern of the DL signalling load. From that perspective, we think the option of having dedicated AGs is not required. Furthermore, in our understanding, no one proposes it. Therefore with the same reason of previous section, we propose either a) to specify exactly same UE behaviour between dedicated AG and common AG or b) to remove dedicated AG from non-RG mode.  

Per process scheduling for Common AG in non-RG mode
We are not so sure whether per process scheduling in non-RG mode works well. Our understanding of the main benefit of non-RG mode is low DL signalling load. The “per process” scheduling approach increases DL signalling compared to the per UE common AG. If this scheduling option is removed from non-RG mode, non-RG mode becomes quite simple. Otherwise, UE needs to have MAX SGs for each HARQ process respectively. Considering effort at the later phase, we propose to remove the option unless there is a significant benefit.

Table 1 Combination of AG/RG in RG mode

	
	Serving RLS
	Non-serving RLS
	TS25.309
	Panasonic’s

Question

	TTI
	AG
	RG
	RG
	
	

	2ms
	dedicated
	per process
	dedicated
	dedicated
	allowed
	necessary?

	
	dedicated
	per process
	dedicated
	common
	allowed
	

	
	dedicated
	per process
	common 
	dedicated
	allowed
	necessary?

	
	dedicated
	per process
	common
	common
	allowed
	

	
	dedicated
	per UE
	dedicated
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	dedicated
	common
	allowed
	

	
	dedicated
	per UE
	common 
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	common
	common
	allowed
	

	
	common
	per process
	dedicated
	dedicated
	allowed
	necessary?

	
	common
	per process
	dedicated
	common
	allowed
	

	
	common
	per process
	common 
	dedicated
	allowed
	necessary?

	
	common
	per process
	common
	common
	allowed
	

	
	common
	per UE
	dedicated
	dedicated
	allowed
	necessary?

	
	common
	per UE
	dedicated
	common
	allowed
	

	
	common
	per UE
	common 
	dedicated
	allowed
	necessary?

	
	common
	per UE
	common
	common
	allowed
	

	10ms
	dedicated
	per process
	dedicated
	dedicated
	not allowed
	

	
	dedicated
	per process
	dedicated
	common
	not allowed
	

	
	dedicated
	per process
	common 
	dedicated
	not allowed
	

	
	dedicated
	per process
	common
	common
	not allowed
	

	
	dedicated
	per UE
	dedicated
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	dedicated
	common
	allowed
	

	
	dedicated
	per UE
	common 
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	common
	common
	allowed
	

	
	common
	per process
	dedicated
	dedicated
	not allowed
	

	
	common
	per process
	dedicated
	common
	not allowed
	

	
	common
	per process
	common 
	dedicated
	not allowed
	

	
	common
	per process
	common
	common
	not allowed
	

	
	common
	per UE
	dedicated
	dedicated
	allowed
	necessary?

	
	common
	per UE
	dedicated
	common
	allowed
	

	
	common
	per UE
	common 
	dedicated
	allowed
	necessary?

	
	common
	per UE
	common
	common
	allowed
	


Table 2 Combination of AG/RG in non-RG mode

	
	Serving RLS
	Non-serving RLS
	TS25.309
	Panasonic’s

Question

	TTI
	AG
	RG
	RG
	
	

	2ms
	dedicated
	per process
	Without
	dedicated
	allowed
	necessary?

	
	dedicated
	per process
	Without
	common
	allowed
	necessary?

	
	dedicated
	per UE
	Without
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	Without
	common
	allowed
	necessary?

	
	common
	per process
	Without
	dedicated
	allowed
	necessary?

	
	common
	per process
	Without
	common
	allowed
	necessary?

	
	common
	per UE
	Without
	dedicated
	allowed
	necessary?

	
	common
	per UE
	Without
	common
	allowed
	

	10ms
	dedicated
	per process
	Without
	dedicated
	not allowed
	

	
	dedicated
	per process
	Without
	common
	not allowed
	

	
	dedicated
	per UE
	Without
	dedicated
	allowed
	necessary?

	
	dedicated
	per UE
	Without
	common
	allowed
	necessary?

	
	common
	per process
	Without
	dedicated
	not allowed
	

	
	common
	per process
	Without
	common
	not allowed
	

	
	common
	per UE
	Without
	dedicated
	allowed
	necessary?

	
	common
	per UE
	Without
	common
	allowed
	


3. Handling of AG/RG during retransmission
In this section, we discuss the handling of AG/RG during retransmission for each type of AG/RG combination. There are at least following two methods for the handling. The method to apply AG/RG to SG immediately for each HARQ process can be considered but this is not valid because the change of the power offset makes it difficult to satisfy QoS requirements. We think even "down" commands from non-serving RLS should not be applied during retransmission.
Method 1) UE ignores AG or RG for HARQ processes, which are in retransmission
Method 2) UE applies AG/RG to SG. For those HARQ processes, which are in retransmission the new SG is used when retransmissions are finished

In the following cases, method 2 has a merit because in case the AG is ignored for some HARQ processes, which are in retransmission, not all of the processes applied the AG. In order to apply the AG to the remaining processes (i.e. processes, which were in retransmission when first AG was sent) requires a second AG. This is waste of DL resources.

- RG mode, AG(dedicated, per UE, 2ms TTI): In case of 2ms TTI, a SG of previous process is not copied. Some processes require additional AG to control SG. 

- RG mode, AG(common, per process, 2ms TTI): AG is not applied for some of processes in some of UEs because of retransmission.

- RG mode, AG(common, per UE, 2ms TTI)

- Non-RG mode, AG (dedicated/common, per process)

- Non-RG mode, AG (dedicated/common, per UE)

In the following cases, we don't see a specific merit of method 2. On the other hand, to have same behaviour with above cases simplifies the UE behaviour.

- RG mode, AG(dedicated, per UE, 10ms TTI)

- RG mode, AG(dedicated, per process, 2ms TT)

- RG mode, AG(common, per UE, 10ms TTI)

- RG mode/Non-RG mode, RG (dedicated/common, serving RLS)
- RG mode/Non-RG mode, RG (dedicated/common, non-serving RLS)
Conclusion:
From the above discussion, we propose to apply method 2 for all cases when AG/RG are received during retransmission.

4. Precedence of AG/RG
If RG and AG are received, it is necessary to determine which grant the UE shall obey. As stated in [1] an AG provides an absolute limitation of the maximum amount of UL resources the UE may use; they are used to rapidly change the allocated power ratio. RG are transmitted in every TTI. They are used to adapt the allocated UL resource by smaller adjustments. 
For non-soft handover operation, it is a common understanding that AG have priority over RG, in order not to loose the purpose of AG. However in a soft handover scenario the situation is different. UE might receive AG from the serving cell and RG from non-serving cells at the same time. The specification does not clearly state the UE behaviour for such case.
For “RG” based mode operation, RG from non-serving RLS controls the Serving Grant (SG) for all HARQ processes. For “non RG” based mode operation, RG from non-serving RLS controls the MAX SG for all HARQ processes. Therefore relative grants from non-serving RLS control the maximum allowed UL resource the UE may use within the limits set by absolute grants from serving cell. In case UE receives AG and RG from non-serving RLS the UE should obey the grant, which limits the maximum UL data rate most. Otherwise either serving cell or non-serving cell might face interference problems. Therefore we propose that UE shall set the new SG in “RG” based mode operation and the new MAX SG in “non RG” based mode operation to the minimum of the power ratio signalled by AG and RG from non-serving cell. The proposed UE behaviour can be expressed as the following:

In case of RG based mode operation:  SG = minimum (AG, used rate - down)
In case of non-RG based mode operation:  MAX SG = min (AG, MAX SG - down)
5. Hysteresis method
The hysteresis concept was introduced in order to avoid a potential “ping-pong” effect [2]. We think the serving E-DCH cell could be aware of a “Down” command from a non-serving RLS via the combination of the received reduced data rate and the “unhappy” status of the UE. Then the serving cell could avoid sending “UP” command and AG. Therefore the serving cell could avoid the above mentioned ping-pong effect without the hysteresis concept. We think the difference between the hysteresis method and NodeB based method using the UE “unhappy” status lies in the different responsibility of the system stability. We think the effects would be similar. Therefore we are fine with the hysteresis method.

For “RG” based mode operation, regarding RG from serving cell, we think just ignoring “UP” commands during the period of hysteresis would be enough. Regarding AG, in order to avoid an overload situation in non-serving cell the AG should not be applied if the AG is higher than the current SG. Therefore our proposal is to set the SG to the minimum of the current SG and the received AG during hysteresis. 
For “non-RG” based mode operation, in order to avoid overload in non-serving cell, we think the AG should not be applied if the AG is higher than the current MAX SG. Therefore our proposal is UE sets MAX SG to minimum of current MAX SG and the received AG.

The proposed UE behaviour during hysteresis period can be expressed as the following:

In case of RG based mode operation:  SG = min (AG, SG) and UE ignores “Up” command from serving RLS 
In case of non-RG based mode operation:  MAX SG = min (AG, MAX SG)
6. Conclusions
We discussed several clarifications on AG/RG. Based on the above discussion, we propose the following:

· Combinations of AG/RG

- Regarding Dedicated RGs from non-serving RLS we propose either a) to specify exactly same UE behaviour between dedicated and common RGs or b) to remove dedicated RGs for both RG mode and non-RG mode operation.

- Regarding dedicated AGs in the “non-RG” mode operation we propose either a) to specify exactly same UE behaviour between dedicated and common AG or b) to remove the option of having  dedicated AG for the non-RG mode operation.

- We propose to remove “per process” scheduling option for common AG in non-RG mode.

· Handling of AG/RG during retransmission

- UE applies AG/RG to SG. For those HARQ processes, which are in retransmission the new SG is used when retransmissions are finished

· Precedence of  AG/RG

- In “RG” mode, UE shall set the new SG to the minimum of the power ratio signalled by AG and RG from non-serving cell when AG and RG is received simultaneously. 
- In “non RG” mode, UE shall set the new MAX SG to the minimum of the power ratio signalled by AG and RG from non-serving cell when AG and RG is received simultaneously.
· UE behaviour during hysteresis period:

- For “RG” based mode operation,

· UE ignores “Up” commands   from serving RLS.

· UE sets SG to minimum of “current SG” and “received AG”
- For “non-RG” based mode operation,

· UE sets MAX SG to minimum of “current MAX SG” and “received AG”
7. Text Proposal 

A text proposal capturing the conclusions from above sections 3,4 and 5 is presented in the following. It is based on [3].

9.2.1
Grants from the Serving RLS

The UE shall be able to receive Absolute Grant from the Serving E-DCH cell and Relative Grant from the Serving E-DCH RLS. 

Two UE scheduling mode of operation are defined (“RG” based and “Non RG” based).

If E-RGCH physical channels are allocated for the cells of the Serving E-DCH RLS, the UE shall follow the “RG” based mode of operation and handle the Grant from the Serving E-DCH RLS as follows:

-
The UE maintains a “Serving Grant” (SGi) for each HARQ process i;

-
The SGi is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ process it refers to;
-
The SGi is updated according to following algorithm regardless of the transmission/retransmission status of a HARQ process. The SGi is used for the E-TFC selection algorithm if the HARQ process is not in retransmission;
-
When receiving an “Absolute Grant” on the E-AGCH of the serving E-DCH cell:

-
In case of 10ms TTI and the UE is not in the hysteresis period, SGi is set to the received value for all HARQ processes;
-
In case of 10ms TTI and the UE is in the hysteresis period, SGi is set to minimum of “Current SG” and “received absolute grant value” for all HARQ processes;
-
In case of 2ms TTI and the UE is not in the hysteresis period, SGi is set to the received value either for all HARQ processes or for one process only depending on the SingleProcess flag of the E-AGCH.
-
In case of 2ms TTI and the UE is in the hysteresis period, SGi is set to minimum of “Current SG” and “received absolute grant value” either for all HARQ processes or for one process only depending on the SingleProcess flag of the E-AGCH.
-
If no “Absolute Grant” is received by the UE, then the UE shall follow the “Relative Grant” of the Serving E-DCH RLS:

-
A Serving Relative Grant is interpreted relative to the UE power ratio in the previous TTI for the same hybrid ARQ process as the transmission which the Relative Grant will affect (see figure 9.2.1-1);
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Figure 9.2.1-1: Timing relation for Relative Grant

-
When the UE receives an “UP” from Serving E-DCH RLS:

-
In case UE is not in the hysteresis period, New SGi = Last used power ratio (i) + Delta;
-
during hysteresis period New SGi = SGi ;
-
When the UE receives a “DOWN” from Serving E-DCH RLS:

-
New SGi = Last used power ratio (i) – Delta;

-
When the UE receives a “HOLD” (i.e. DTX) from the Serving E-DCH RLS:

- 
In case of 2ms TTI, SGi remains unchanged (per process approach);

- 
In case of 10ms TTI: SGi in the immediate preceeding TTI is reused for the current TTI: new SGi = SGi-1 (per UE approach).

If no E-RGCH physical channels are allocated for the cells of the Serving E-DCH RLS, the UE shall follow the “Non RG” based mode of operation and handle the grant from the Serving E-DCH RLS as follow:

-
The UE maintains a “Serving Grant” (SG);

-
The SG is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ process it refers to;

-
The UE sets the “MAX Serving Grant” (MAX SG) to the last received “Absolute Grant” (AG) when the UE is not in the hysteresis period;
-
The UE sets the “MAX Serving Grant” (MAX SG) to minimum of “Current MAX SG” and “the last received Absolute Grant (AG)” when the UE is in the hysteresis period;

- 
If the UE has data to transmit and the SG is below the MAX SG, the SG is increased over time by configurable steps (autonomous ramp-up) until SG is equal to MAX SG;

-
If the SG is above the MAX SG (due to reception of a new AG lowering the MAX SG), then the SG is immediately set equal to MAX SG;

-
If the UE transmitted at a given power ratio below the current SG for more than n TTIs (where n is a configurable parameter that can be set to an infinite value), then the SG is set equal to this given power ratio. This in effect forces the UE to use autonomous ramp-up after some continuous activity below SG.

It is FFS whether or not the “per process” approach can be used for the “Non RG” based mode of operation, i.e. whether the SingleProcess flag of the E-AGCH can be set for 2ms TTI.

9.2.2
Grants from the Non-serving RLS

Node-B from the Non-serving E-DCH RLS will only send Relative Grants to the UE. The UE shall handle the RG from the Non-serving E-DCH RLS as follows:

-
When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS;

-
For all HARQ processes (for all i):

-
For the “RG” mode of operation: new SGi = Last used power ratio (i) – Delta; 

-
For the “Non RG” mode of operation: new MAX SG = MAX SG – Delta; 

-
The Delta may be dependant on the bit rate;

-
The option to use a calculated offset is FFS (e.g. the offset may be function of the measured CPICH power on the overloaded cells in relation to the measured CPICH power on the serving cell);

-
Stability may be obtained via a configurable hysterisis after “DOWN” commands are received.
-
When the UE does not receive a “DOWN” from any Non-serving E-DCH RLSs;

-
The UE shall follow the Serving E-DCH RLS’s Scheduling Grants.

-
When UE receives absolute grant from serving E-DCH RLS and a “DOWN” command from at least one non-serving E-DCH RLS:

- For every HARQ process:

· For the “RG” mode of operation: new SGi= Minimum (Last used power ratio(i) –  Delta, received absolute grant value)
· For the “non-RG” mode of operation: new MAX SG= minimum (MAX-SG –  Delta, received absolute grant value)
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