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1. Introduction
The Study Item on Synchronised E-DCH [1] aims to study whether basestation resource scheduling offers a potential for improving the Uplink by means of using OVSF user separation. One aspect of the study is to examine the L1/MAC signalling needs to enable BTS based code allocation and uplink synchronisation on top of Release 7 specification. Related to these signalling needs is the scheduling mechanism. This paper examines the Release 6 E-DCH scheduling mechanism, the additions that would be required for supporting a synchronised E-DCH and the resulting impacts to signalling.

2. HSUPA scheduling

In HSUPA, the Node B sets a maximum limit on the E-DPDCH/DPCCH power ratio that the UE is allowed to use, termed here as the maximum power raito (MPR). Given this MPR restriction, the UE TFC selection selects an appropriate transport format and a Hybrid ARQ offset, (HARQ, which impacts the number of HARQ retransmissions. Associated with the transport format is an E-DPDCH/DPCCH ratio, that is further modified by (HARQ; the TFC selection ensures that the composite power ratio with the selected TFC does not exceed the MPR. The selected E-TFC is indicated to the basestation using the UL E-DPCCH signalling channel.
The MPR is signalled to the UE using one of two physical channels. The “Absolute Grant Channel” (E-AGCH) indicates in absolute terms an allowed MPR. The so-called “Relative Grant Channel” (E-RGCH) is a 1 bit indicator that shifts the MPR up or down from its previous value. Grants may be sent to individual UEs or groups of UEs.

When the 2msec TTI is configured, the E-AGCH may be used to activate or deactivate specific HARQ processes completely. Furthermore, the UE responds to 2 IDs on E-AGCH; the “primary” and  ”secondary” IDs with a preference order.
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Figure 1 Basic HSUPA scheduling model
3. Linkage between TFC, spreading factor and power offset

The degree to which the TFC, spreading factor and power offset can be linked with one another impacts the scheduling model and the amount of signalling required for scheduling. 

In Release 6 E-DCH, the rate matching rules described in [3] explicitly link each TFC with a spreading factor. Thus, only the TFC needs to be signalled on the UL E-DPCCH. If the TFC is not linked with the spreading factor for synchronised E-DCH, then signalling of both TFCI and spreading factor would be required. 
In Release 6, the rate matching algorithm selects a lower spreading factor in preference to performing puncturing. Considering the behaviour of the rate matching algorithm with progressively increasing transport block size, when the transport block reaches a size such that the code rate would increase beyond 1/3 with a given spreading factor, the SF is halved in order to avoid puncturing. 
S-EDCH may become code limited (although the risk of this being the case is fairly low, as indicated in [4]). One simple means to increase utilisation of the code tree might be to slightly modify the rate matching rule such that it selects the highest spreading factor it can whilst allowing a defined limited amount of puncturing (as opposed to no puncturing in Release 6). Thus with increasing code block size, the SF would be halved not when the code rate would otherwise be > 1/3 but when the code rate would exceed some other semi-statically defined coding rate, higher than 1/3.

In Release 6, there is some uncertainty between the maximum power ratio imposed on the UE by the scheduler and the actually selected TFC (and implicitly, the SF). This uncertainty arises from the fact that different logical channels may be associated with different (HARQ offsets. Of course, the Node B can estimate the highest possible TFC and lowest SF that a UE might use by assuming the worst case (HARQ.
For synchonised E-DCH, the spreading factor could be signalled separately from the MPR or implied from the MPR. If the spreading factor is implied from the MPR, then either only one (HARQ  value may be defined, or the Node B scheduler will need to make the worst case assumption for (HARQ.

4. S-EDCH scheduler operation
It has been suggested in [4] that the maximum S-EDCH spreading factor be limited to 16, which is in line with HSDPA. From the above discussion, it can be surmised that, assuming a means of indicating to the UE which portion of the code tree it uses, then scheduling can in principle be carried out in the same manner as in Release 6, i.e. the scheduler sets an MPR and the UE performs TFC selection (and indicates the TFC to the UE), as long as there exists a clear rate matching rule and the basestation knows the worst case (HARQ. Thus the scheduler can control the MPR by means of E-RGCH and/or E-AGCH and can know how much of the OVSF tree each UE will use in advance, enabling scheduling of the code tree by assignment of MPR/SFs appropriately between UEs with different code tree portions.
The indication of the portion of the code tree that the UE uses will consist of a base SF16 code. Even if the UE starts using a lower SF than 16, it needs to be aware of which branch of the tree it should use if it reduces its SF due to the Release 6 scheduling mechanism reducing the MPR or the TFC selection selecting lower data rates and therefore the lower SF becoming unnecessary.
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Figure 2 Example of “Code tree portion”
Some possibilities for indicating the code tree portion are listed below:

1. Assign each UE to a portion of the code tree (i.e. basic SF16 code) using higher layer signalling. This has a disadvantage of restricting scheduler flexibility, but introduces no changes in the interpretation of physical channels

2. Use the E-AGCH. The E-AGCH contains 5 bits, allowing for 32 states to be indicated. Currently, 30 of these states are used for indicating an MPR. [4] indicates that with a maximum SF of 16, there are 20-30 possibilities of code/SF allocation. Thus the E-AGCH could be re-interpreted as assigning an MPR (and implicitly SF) and code. The E-AGCH would thus loose some granularity of MPR allocation but be able to assign a code. E-RGCH could be used to adjust MPR. However if a SF < 16 were to be set, there would not be sufficient information within the 5 bits to specify along which branch of the code tree a UE would increase its SF if E-AGCH reduced the MPR. The code tree branch would need to be specified by some default rule, and the scheduler would be slightly constrained by the default branch rule along which terminals reduce their SF. Two sub possibilities exist; either (i) always interpret the E-AGCH as a SF/code/MPR indicator for S-EDCH or (ii) interpret only an E-AGCH received whilst the UE has no E-DPDCH transmission in such a manner, otherwise interpret the E-AGCH as in Release 6. Doubtless other possibilities for using the 5 bits optimally exist.
3. A modified E-AGCH like physical channel specific to synchronised E-DCH and containing 5-8 bits could be defined; this would allow for specific signalling of code tree portion (i.e.base SF16 code) and optionally initial SF, MPR. Note that an E-AGCH like channel with 5 bits for specifying the code tree portion would not in fact be a new physical channel, but would require the UE to receive on 2 codes; one for the original E-AGCH and one for the modified one. In fact, it is quite likely that 5 bits will be enough to specify the code tree portion
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Figure 3 S-EDCH scheduling – initial code tree portion assignment using E-AGCH
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Figure 4 Use of a modified E-AGCH
If the E-AGCH were to be used for allocating code & SF, then a possibility to allow for the Node B to deallocate form one UE and re-allocate to another might be useful. A couple of means of achieving this might be:

· Increase the latency between the UE receiving a new allocation when it is not transmitting E-DPDCH and implementing the allation by 1 TTI; see Figure 5
· Require the UE to receive >1 E-AGCH; this would give the scheduler flexibility in simultaneously sending E-AGCHs to different UEs to allocate & de-allocate.
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Figure 5 Example of how resource could be allocated/deallocated using E-AGCH.
4. HS-SCCH could in some way be used for assigning and re-assigning a UE portions of the code tree when necessary, whilst E-AGCH & E-RGCH are used in the normal way.
	Method
	Requires new DL channel ?
	Requires re-interpretation of DL channel ?
	Restricts scheduler flexibility ?

	Higher layer signalling
	N
	N
	Somewhat – Code tree portion of UE cannot change on a fast basis

	Use of E-AGCH (initial grant or all the time) indicating code & MPR
	N
	Y
	Somewhat – UE must follow predefined rule when increasing SF

	Modified E-AGCH like channel with 5-8 bits for indicating code tree portion
	Y*
	-
	N

	Use of HS-SCCH 
	N
	Y
	N


*Can be same format as E-AGCH if 5 bits are used, but requires receiving 2 codes

Table 1 Comparison of code tree portion signalling methods
5. Conclusion
A means of allocating a code tree portion to a UE is required; this could be via higher layers, an HS-SCCH command or a re-interpretation of the E-AGCH. Several of these methods require no new DL channel to be defined. Further analysis may reveal alternative methods of signalling code tree portion. Since the code tree portion is expected to be signalled relatively infrequently, impact to DL overhead should be small.

Apart from this allocation of a code tree portion, synchronised E-DCH can in principle be operated using the same scheduling mechanism and commands as in Release 6 E-DCH. 
References

[1]
RP-070678, Nokia, Nokia Siemens Networks, Qualcomm, T-Mobile, Ericsson “Proposed New Study Item: Synchronised E-DCH”, RAN #37, September 2006;
[2]
3GPP TR 25.854 v.5.0.0: “Uplink Synchronous Transmission Scheme”.

[3]
3GPP TS 25.212 v6.10.0: “Multiplexing and channel coding”
[4] 

R1-074668 “OVSF code allocation for synchronised E-DCH”, Nokia Siemens Networks, Nokia, RAN1#51










































































































































































































_1254900576.vsd
Balloon callout. Select shape and start typing. Resize box to desired dimensions. Move control handle to aim pointer at speaker.


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


SF16 code


“Code Portion” is SF16 code 3. This means that if the UE reduces to SF8 it uses codes 3 & 4 and code 3 if it further reduces to SF16


The UE has been allocated an MPR corresponding to SF4



_1255259076.vsd
Drag the side handles to change the width of the text block.


E-DPDCH


DPCCH


MPR


E-DPDCH (SF8, Code 3)


DPCCH


MPR


DPCCH


MPR



_1255260351.vsd
Drag the side handles to change the width of the text block.


1


2


3


4


5


6


7


8


9


E-AGCH


1


2


3


4


5


6


7


8


9


E-AGCH


UE1 E-DPDCH


UE2 E-DPDCH


UE1 initially not transmitting on E-DPDCH


In TTI 3, UE1 receives an “initial” E-AGCH indicating MPR/SF and code


When UE has no active E-DPDCH, E-AGCHs are applied 1 TTI later than the TTI when they are received


In TTI 3, UE2 receives an E-AGCH setting its MPR to zero


When UE is transmitting on E-DPDCH, E-AGCH applied at next TTI after they are received


E-RGCH


Later on, E-RGCH modifies UE1s MPR


2msec TTI



_1255259034.vsd
Drag the side handles to change the width of the text block.


E-DPDCH


DPCCH


MPR


E-DPDCH (SF8, Code 3)


DPCCH


MPR


DPCCH


MPR



_1254838511.vsd
Drag the side handles to change the width of the text block.


E-DPDCH


DPCCH


MPR


E-DPDCH


DPCCH


MPR


DPCCH


MPR



