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1. Introduction
 During the study item period of EUDCH, two node B scheduling methods were proposed and captured in the TR [1], namely “rate scheduling” and “rate and time scheduling”. In the rate scheduling, three candidates of scheduling signalling have been proposed such as “Per-Cell basis” [2], “Per-UE basis” and “Per-Flow basis” [3]. Note that we renamed each signalling scheme for comparison purpose only.
The purpose of this contribution is to review three candidates (possibly with RAN2 colleagues) so as to discuss the necessity of inclusion of each candidate in EDCH WI TR.
2. Per-Cell, Per-UE, Per-Flow basis Signalling 
2.1 Per-Cell basis Signalling
In this scheme, all UE in the cell are allocated same “Node B controlled TFC subset” and “UE pointer”. Node B controls the UE pointer by sending common RG signalling to all EDCH UE in the cell (see Figure 1). Main benefit of this signalling is reduction of downlink signalling overhead due to common RG signalling in downlink. 
One of drawback is that the node B scheduler is not able to control the radio resource for individual UE. Therefore there is limitation of applicability of this signalling scheme in the presence of multiple priority between users or distinctive QoS requirement such as real-time video streaming and best effort service. However if the EDCH carries, in reality, mostly best effort uplink traffic, this Per-Cell basis signalling can be attractive alternative thanks to the reduced downlink overhead (and possibly no uplink signalling overhead).

Another point is that TFCS of each UE in a cell could be different depending on the number of data flows, supported data rate for each flow, etc. However since a common node B controlled TFC subset is managed by node B scheduler, it is not clear how the controlled TFC subset can be defined when each UE has different TFCS. In case when one UE has only one data flow, the common node B controlled TFC subset can be defined as a maximum rate as assumed in [2]. When multiple flows are supported by each UE and the number of flows are different among UE, then Per-Cell basis signalling could control the maximum rate of all flows belong to the same UE. However further elaboration of Per-Cell basis signalling is out of scope of this contribution.
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Figure 1 Per-CELL basis Signalling
2.2 Per-UE basis Signalling
In this scheme, the node B scheduler can control “Node B controlled TFC subset” of individual UE in the cell by controlling the “UE pointer” independently for each UE (see Figure 2). Each UE in the cell transmits RR signalling to request more/less data rate than current one based on the amount of data stored in the buffer. One benefit of per-UE basis scheduling (compared to per-cell basis scheduling) is that the scheduler may be able to assign more radio resource toward better channel conditioned UE so that the overall system capacity can be improved. For detail of this scheme, EDCH TR can be referred [1]. 
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Figure 2 Per-UE basis Signalling
2.3 Per-Flow basis Signalling
　Per-Flow basis signalling can be seen as an extension of Per-UE basis signalling in a sense that a separate “Sub UE pointer” is assigned to each flow (see Figure 3). Compared to Per-UE basis scheduling in which UE/Node B sends single RR/RG, node B scheduler receives/sends separate RR/RG from/to each flow in order to control respective Sub UE pointer. Note that when there is only one flow per UE, Per-flow basis scheduling becomes identical to per-UE basis scheduling. For further details of this scheme, previous contribution [3] can be referred. 
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Figure 3 Per-Flow basis Signalling
3. Support of Multiple Uplink Flows
In the presence of multiple data flows per UE, the network should be able to schedule the individual data flow to meet the priority and QoS requirement of each data flow. Figure 4 illustrates 3 candidates of rate scheduling signalling scheme supporting scheduling information exchange between UE and Node B scheduler. The first scheme is Per-flow basis signalling, the second is Per-UE basis signalling, and the last explicit signalling. Both Per-Flow and Per-UE basis signalling assume a differential signalling. 
Per-Flow basis signalling is to employ separate closed loop rate control for each flow while Per-UE basis signalling allows one closed loop rate control per UE. In other words, in Per-UE basis signalling, a set of flows belonging to a UE share the single RR and RG bit communicating with node B scheduler while in Per-Flow basis signalling, each flow in the set can send/receive separate RR/RG messages to/from Node B. As for Explicit Signalling, it can be seen as supporting separate closed loop rate control because TFC contains RR/RG of a set of flows belong to the same UE. 
· number of closed rate control loop 

· Per-Flow basis Signalling : equal to the number of flows belonging to a UE

· Per-UE basis Signalling : 1

· Explicit Signalling : equal to the number of flows belonging to a UE

In terms of signalling overhead, the Per-UE basis signalling would have smallest required bandwidth at given same frequency of closed loop. For the case of Per-Flow basis signalling, the required bandwidth will increase proportional to the number of flows if a same frequency of closed loop is required for all data flows. If a same frequency of closed loop is not required (due to distinct priority and QoS requirement of each flow), then unequal sharing of bandwidth is also feasible [3]. Finally, the overhead of Explicit Signalling is dependent on size of TFCS. In the presence of high data rate over 384kbps and multiple flows, larger size of TFCS is required in order to improve the frame fill efficiency and finer granularity for scheduling. 

· signalling overhead

· Per-Flow basis Signalling: linearly proportional to the number of flows belonging to a UE

· Per-UE basis Signalling : invariant to the number of flows belonging to a UE
· Explicit Signalling: proportional to the size of supportable TFCS

For both Per-Flow basis Signalling and Explicit Signalling, the RR of individual flow can be derived from QoS requirement of the data flow. Examples of RR derivations are:



(1)
RR(i) = UP if Qsz(i)/T(i) > D(i)



(2)
RR(i) = UP if current local average bitrate < target average bitrate



(3)
RR(i) = UP if Qsz(i) > Qthres(i)

where (1) is useful for delay sensitive flow by setting maximum limit of transmission delay, (2) and (3) would be suitable for GBR flow and delay insensitive flow. In Per-UE basis scheduling, it is remained to be seen how the single bit RR can be derived from status of multiple flows and whether the single bit RR can provide sufficient information to the node B scheduler to handle priority and QoS of each flow. 
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Figure 4 Comparison of Per-Flow, Per-UE basis Signalling and Explicit Signalling
4. Conclusion
 In this contribution, three candidates of rate scheduling signalling are investigated and the following open issues are identified 

· Per-Cell basis signalling: How the node B controlling TFCS subset can be defined if UEs in the cell have different TFCS, different number of flows etc.

· Per-Flow basis signalling: Is separate closed loop rate control defined per each flow needed to handle multiple flows with distinct QoS and priority?
· Per-UE basis signalling: Is single closed loop rate control defined per UE sufficient to handle multiple flows with distinct QoS and priority?
· Explicit signalling: What is associated cost of explicit signalling especially to support multiple flows, e.g. impact of TFCS size, granularity, required bits?
5. Reference

[1] 3GPP TR 25.896 “Feasibility Study of Enhanced Uplink for UTRA FDD”, version2.0.0
[2] R1-040096 “Performance Results for Rate Scheduling”, Ericsson, R6 Adhoc, January, 2004, Espoo, Finland
[3] R1-03-1201 “Efficient rate scheduling to support multiple transport channels” TSG-RAN Working Group 1 meeting #35 Lisbon, Portugal, 17th – 21st November 2003, NEC










































































































































