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1. Introduction

During the RAN1#39 meeting in Shin-Yokohama, there was intensive discussion on “per-UE vs per-process scheduling.” At the last day, R1-041497 was submitted. The intention was to draw a conclusion if possible after having discussions based on R1-041497. However, it could not be presented because of lack of time. This document tries to further progress the discussion and proposes a way forward, taking the comments by various companies into account.
Our proposal is to take the per-process scheduling for 2ms TTI and the per-UE scheduling for 10ms TTI.

2. Background

2.1. Reference TTI

It has been agreed that a relative grant received and affecting TTI n should be relative to the actual transmission in TTI n-k, although the value of k remains to be decided upon. It is reasonable to put the following requirements on the selection of k:

· To provide the UE with reasonable time for processing, e.g., TFC selection, the value of k must be at least 2.
· The resource utilization in the reference TTI shall be known to the Node B scheduler in order to make an efficient decision. Otherwise, the Node B would transmit a grant without knowing what the grant is referring to, which clearly is not a desirable behavior. Hence, k must refer to a TTI prior to the transmission of the relative grant, including some processing time for the Node B scheduler.

· It shall be possible to take the outcome (ACK or NAK) of the decoding of the previous TTI into account when deciding on the relative grant. Retransmissions are non-scheduled and there is no point in transmitting a relative grant if a NAK is transmitted. Furthermore, whether an UP can be sent to one user or not may depend on whether another user is performing a (non-scheduled) retransmission or not.

Setting k equal to the number of hybrid ARQ processes fulfill these requirements and results in a clean and well-defined structure. It is therefore proposed that a relative grant is interpreted relative to the UE resource consumption in the previous TTI in the same hybrid ARQ process as the transmission which the relative grant will affect. This results in a simple and well-defined UE behavior and is illustrated in Figure 1. In the following, it is assumed that k equals the number of hybrid ARQ processes as illustrated in Figure 1.
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Figure 1: Timing relation for relative grant.

2.2. E-AGCH Contents

It is assumed that there will be a possibility to indicate whether an absolute grant is valid for only one hybrid ARQ process (the flag SingleProcess is set) or all processes (the flag SingleProcess is not set). The flag SingleProcess is included in the absolute grant received on the E-AGCH. 

2.3. Interpretation of E-RGCH 

The Node B scheduler can, but does not have to, transmit a relative grant once per uplink TTI on the E-RGCH. When transmitting, the scheduler can either send UP (transmitted as “+1” on the E-RGCH) or DOWN (transmitted as “-1” on the E-RGCH). The third state, commonly called HOLD, results if nothing is transmitted (DTX on the E-RGCH).

Define the following variables:

· Rmax,i, the maximum power offset (data rate) the UE may use in hybrid ARQ process i
· Ractual,i, the power offset (data rate) the UE was using in the previous TTI in hybrid ARQ process i
The power offset given by the grants limits the maximum data rate the UE may use. The UE is allowed to transmit using any transport format on the E-DCH as long as the power offset used for transmission is lower than Rmax. The index i has been included above to keep the description general and may or may not be needed, depending on the decision.

For UP and DOWN on the E-RGCH, the interpretation is straight forward using the assumptions in Section 2.1:

· If the UE receives “UP”, then Rmax,i = Ractual,i + (
· If the UE receives “DOWN”, then Rmax,i = Ractual,i - (
These interpretations hold, regardless of whether a “per process” or a “per UE” approach is used.

For DTX on the E-RGCH, at least five different interpretations can be envisioned:

1. Rmax,i remains unchanged

2. Rmax,i = Rmax,i-1 
3. If SingleProcess is set, Rmax,i remains unchanged (interpretation 1), otherwise Rmax,i = Rmax,i-1 (interpretation 2) 

4. Higher layer signaling selects between interpretation 1 and 2

5. The selection of 1 or 2 above is controlled by the TTI such that interpretation 1 is used for 2 ms TTI and interpretation 2 for 10 ms TTI.

The subtractions i-1 for the process indices above are to be interpreted modulo the number of processes.

· Alternative 1 results in a pure per process approach results. Each process is updated independently of each other.

· Alternative 2 results in the UP and DOWN commands operate per process, while the DTX implies that the Rmax rate in the immediate preceeding TTI is reused for the current TTI. This can be seen as an implementation of a per UE scheduling approach.

· Alternative 3 is a dynamic switch between alternative 1 and alternative 2, depending on whether the last received absolute grant was valid for all hybrid ARQ processes or only a single process. 

· Alternative 4 is a semi-static switch between alternative 1 and 2.

· Alternative 5 links the interpretation to the TTI configured for the E-DCH.

An example of interpretation 1 and interpretation 2 is found in Figure 2.
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Figure 2: Examples

3. Discussion
Clearly, there are benefits with both a “per process” approach and a “per UE” approach regarding the interpretation of the E-RGCH. At the same time, a well-defined UE behaviour is required without adding additional complexity with respect to implementation and testing.

Changing between “per UE” and “per process”, either by L1 or higher layer signalling, results in an increase in both implementation and testing complexity. Therefore, as no major benefit can be identified with a configurable interpretation of the relative grants, alternative 3 and 4 in Section 2.3 are not considered any further.

Per process scheduling, alternative 1, provides the possibility to let a terminal use only some of the processes, while other terminals use other processes. This will reduce the intra-cell interference as users to a greater extent can be separated in time compared to the “per UE” case. This benefit is likely larger with a 2 ms TTI, while with 10 ms TTI, it is more likely that a larger number of users transmit in parallel. 

Per UE scheduling, alternative 2, may have a lower signalling overhead in the downlink as a single DOWN command can affect all processes.
Therefore, it is proposed to adopt a “per process” approach for 2 ms TTI and a “per UE” approach for 10 ms TTI.
4. Operation in soft handover

The discussions above focus on the UE behavior in non-soft handover cases. If the UE is in soft handover, it will receive either DOWN or HOLD (DTX) from each non-serving E-DCH RLS. A straight forward extension to the soft handover is given below, which is in line with the stage-2 TS 25.309: 

· When the UE receives a DOWN from at least one non-serving E-DCH RLS, the UE should decrease Rmax,i by a given step size with respect to Ractual,i of the reference TTI, which is proposed in this contribution to be the previous TTI in the same hybrid ARQ process. It is noted that a single DOWN command from non-serving E-DCH RLS may be applied to a set of multiple consecutive TTIs, e.g., to all processes, especially for UEs having 2ms TTI when there are UEs having a TTI of 10ms or 2ms in the same cell and they receive the same RG from a non-serving E-DCH RLS.
· 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.
It is noted that more details of the UE behavior on receiving RGs from non-serving E-DCH RLSs should be further discussed.
5. Conclusion

From the above discussion, the sourcing companies propose to agree on the per-UE approach for 10ms TTI and the per-process approach for 2ms TTI with the details described in the followings:

· The reference TTI for the relative grant is the previous TTI in the same hybrid ARQ process as illustrated in Figure 1.

· In case of 2ms TTI, the flag SingleProcess included in the absolute grant received on the E-AGCH indicates whether an absolute grant is valid for only one hybrid ARQ process (the flag SingleProcess is set) or all processes (the flag SingleProcess is not set).

· Interpretation of UP/DTX/DOWN transmitted on the E-RGCH

· If the UE receives “UP”, then Rmax,i = Ractual,i + (
· If the UE receives “DOWN”, then Rmax,i = Ractual,i - (
· If the UE receives DTX,

· Rmax,i remains unchanged for 2ms TTI

· Rmax,i = Rmax,i-1 for 10ms TTI

The sourcing companies also propose to agree on the followings as a baseline for further discussion of the UE behaviour in soft handover.
· When the UE receives a DOWN from at least one non-serving E-DCH RLS, the UE should decrease Rmax,i by a given step size with respect to Ractual,i of the reference TTI, which is proposed in this contribution to be the previous TTI in the same hybrid ARQ process. It is noted that a single DOWN command from non-serving E-DCH RLS may be applied to a set of multiple consecutive TTIs, e.g., to all processes, especially for UEs having 2ms TTI when there are UEs having a TTI of 10ms or 2ms in the same cell and they receive the same RG from a non-serving E-DCH RLS.
· 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.
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