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1. Introduction
Node B scheduling and Hybrid ARQ have been investigated as possible enhancement techniques for uplink E-DCH [1]. In E-DCH, careful coordination between scheduling process and HARQ process is needed since the scheduling entity is in Node B while HARQ transmission entity is in UE. There was an investigation over the relationship between Node B scheduling and HARQ process, which was mainly focused on an automatic retransmission algorithm [2]. In this paper, we provide considerations on the relationship between Node B scheduling and HARQ retransmission and suggest considering a different operation of Node B scheduling in case of scheduled retransmission.

2. Scheduling strategies for HARQ retransmission
Two different Node B scheduling strategies for HARQ retransmission are considered in current TR25.896. One is an autonomous retransmission and the other is a retransmission under the Node B scheduling.

2.1 Autonomous retransmission

In case of autonomous retransmission, a UE retransmits an E-DCH packet without considering Node B scheduling assignment to it. Autonomous retransmission may reduce the retransmission delay and save the downlink signaling bandwidth for the scheduling assignment. However, with an autonomous retransmission scheme, Node B can’t control the uplink interference caused by retransmissions. Retransmission timing may be fixed to allow Node B to predict the interference caused by retransmissions and reflect it to the overall uplink scheduling. 

2.2 Scheduled retransmission

In case of scheduled retransmission, a UE retransmits an E-DCH packet under the restriction of Node B scheduling assignments as in the initial transmission. Contrary to the autonomous retransmission case, Node B can control the interference caused by retransmission packets as well as initial transmission packets, which will allow more efficient control on the uplink RoT and may be especially useful in the uplink congestion case.

a) TFCS restriction in scheduled retransmission

In this case, Node B or scheduler may restrict the allowed uplink TFCs in a TFCS in the retransmission as well as in the initial transmission of HARQ. 

In general, one can simply assume that the TFC for an E-DCH packet is same for both an initial transmission and retransmission, not considering different E-DCH multiplexing between initial transmission and retransmission. In this case, UE cannot retransmit an E-DCH packet unless the TFC of the E-DCH packet transmitted in initial transmission exists within the TFC subset assigned by Node B at retransmission timing.

Fig.1-(a) shows an example of TFCS restriction scheme, where retransmission timing is fixed by 4 TTIs after the initial transmission or previous retransmission. In the Figure, P(TFCm)  (m=1, … , 8), denotes the required transmit power of TFC m. UE transmits initially a packet with TFC6 and P(TFC6). After receiving NAK signalling from Node B, the UE tries to retransmit the lost packet. However, because there is not the same TFC (i.e. TFC6) as used in initial transmission within the TFC subset assigned by Node B, the UE can not retransmit the packet in the (n+4)-th TTI, and the packet should be delayed until the same TFC exists within TFC subset assigned by Node B.
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Figure 1. An example of TFCS and power restriction in scheduled retransmission
b) Transmit power restriction in scheduled retransmission

As described in the previous section, scheduling by TFCS restriction can cause delay of the retransmission. When HARQ technique such as CC (Chase combining) or IR (combining with incremental redundancy) is employed, transmit power for retransmission can be different from that for an initial transmission even though the TFC of retransmission is same with that of the initial transmission. Transmission power for retransmission may be reduced to an appropriate level so that the uplink interference can be reduced and Node B scheduling can be made more efficient. 

One way to allow Node B to schedule retransmissions with reduced power under the current TFCS restriction control is to make UE interpret the TFCS assignment by Node B as a transmit power restriction in case of retransmission. There might be several different ways in the conversion of the TFCS restriction to a transmit power restriction. For example, UE may decide its transmission power as the maximum of required transmission powers of the TFC within the TFC subset assigned by Node B. Then UE may be allowed to retransmit a packet under the power restriction even when the TFC of the retransmission packet does not exist in the TFCS assigned by Node B. 

Fig.1-(b) shows such an example of scheduled retransmission by power restriction under the same retransmission scenario as shown in Fig.1-(a). In the example, TFC and transmit power used in initial transmission is TFC6 and P(TFC6) respectively. After receiving the NAK from Node B, even though there is not the same TFC as used in initial transmission, UE can retransmit the lost packet with the same TFC (i.e. TFC6) used in initial transmission, but with different power, P(TFC4). 

3. Conclusion
Node B scheduling strategy related to HARQ operation was considered. Restriction on the transmit power may be also possible for an E-DCH retransmission rather than direct restriction on TFCS when HARQ is considered. Modification of the general description on the relationship between scheduling and HARQ in current TR is suggested so that this point of view would be not excluded.
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--------------------- Start of text proposal --------------------------------------
7.1
Scheduling <NodeB controlled scheduling, AMC>

The term “Node B scheduling” denotes the possibility for the Node B to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC. In Rel5, the uplink scheduling and rate control resides in the RNC. By providing the Node B with similar tools, tighter control of the uplink interference is possible which in turn, may result in increased capacity and improved coverage. Two fundamental approaches to scheduling exist:

· Rate scheduling, where all uplink transmission occur in parallel but at a low enough rate such that the desired noise rise at the Node B is not exceeded.

· Time scheduling, where theoretically only a subset of the UEs that have traffic to send are allowed to transmit at a given time, again such that the desired total noise rise at the Node B is not exceeded.

The usage of either rate or time scheduling is of course restricted by available power as the E-DCH will have to co-exist with a mix of other transmissions by that UE and other UEs in the uplink. A hybrid of these two approaches is also possible, where different proposals will tend to favor one or other of the fundamental approaches.
The scheduling schemes can all be viewed as management of the TFC selection in the UE and mainly differs in how the Node B can influence this process and the associated signaling requirements. Hence, this section aims at describing the commonalities among the scheduling schemes. Whether one or multiple methods for the Node B to influence the UE TFC selection process is to be supported is FFS.

The set of TFCs from which the UE may choose a suitable TFC is denoted “Node B controlled TFC subset” in the following. The UE selects a suitable TFC from the “Node B controlled TFC subset” employing the Rel5 TFC selection algorithm (or modifications thereof if applicable). Any TFC in the Node B controlled TFC subset might be selected by the UE, provided there is (1) sufficient power margin, (2) sufficient data available, (3) TFC is not in the blocked state. The Node B controlled TFC subset relates to the TFCS and minimum set defined in Rel5 as

· “TFCS”. This is identical to the TFCS in Rel5 and is the set of all possible TFCs as configured by the RNC.

· “Node B controlled TFC subset”. The TFC selection algorithm in the UE selects a TFC from the “Node B controlled TFC subset”. Note that the “Node B controlled TFC subset” is equal to or a subset of the TFCS and, at the same time, equal to or a superset of the minimum set, i.e..  “Minimum set” ( “Node B controlled TFC subset” ( “TFCS”.

· “Minimum set”. This is identical to the minimum set in Rel5 as specified in [15]. The UE can always select a TFC from the minimum set as TFCs in the minimum set never can be in blocked state.

In Figure 7.1, the different (sub)sets are illustrated. Setting the “Node B controlled TFC subset” equal to the TFCS would result in behavior identical to Rel5. Furthermore, note that the smallest possible “Node B controlled TFC subset” may be larger than the minimum set, i.e., “Node B controlled TFC subset” ( “minimum set”. 
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Figure 7.1 : Illustration of different sets of TFCs.

The ideas behind the ”Node B controlled TFC subset” are similar to the use of transport format combination control specified in [15]. This signaling is typically used to allow the RNC to control the allowed uplink transport formats by specifying a "TFC subset" along with an optional duration under which the “TFC subset” is valid. Node B scheduling can be viewed as providing the Node B with similar tools, but allowing for faster adaptation to interference variations. The interaction between RNC TFC control and Node B TFC control is FFS, although a preferable solution is to require the UE not to choose a TFC outside any of these restrictions. 

The main difference between scheduling strategies is how updates to the “Node B controlled TFC subset” are controlled. In principle, an update needs to specify

· The new “Node B controlled TFC subset”

· The start time and the duration for which the update is valid

· The “Node B controlled TFC subset” to use when the scheduling period has expired.

This information can either be signaled, deduced from rules mandated in the specifications, or combinations thereof. The main difference between different scheduling approaches therefore lies in the signaling and the rules associated with the signaling. For example, simplistic implementations of rate scheduling and time scheduling could be as follows: 

· Rate scheduling results if the “Node B controlled TFC subset” of different UEs are updated such that data transmission from different UEs may overlap in time, regardless of the data rates used. The new “Node B controlled TFC subset” is valid until the next time it is updated.

· Time scheduling results if the “Node B controlled TFC subset” of different UEs are updated such that only a small set of the UEs have the possibility to transmit using TFCs outside the minimum set.  The updated “Node B controlled TFC subset” have a relatively short validity, typically in the order of milliseconds, where after the “Node B controlled TFC subset” reverts to the situation prior to the scheduling interval or to the minimum set. 

Depending on the scheduling scheme, the signaling may take different forms. Typically, both downlink and uplink signaling is required.

Downlink signaling is required to command the UE to update the “Node B controlled TFC subset”. The start time and the duration for which the update is valid may either be signaled explicitly or deduced from rules mandated in the specifications. The signaling can either be dedicated for a certain UE, or common for several UEs. Furthermore, the signaling can either be absolute, i.e., directly specify the “Node B controlled TFC subset”, or relative, i.e., specify the new “Node B controlled TFC subset” as an update of the previous subset. The former typically allows for more rapid changes to the “Node B controlled TFC subset”, while the latter may imply less signaling overhead in the downlink direction.

In the uplink, signaling is typically required to indicate to the Node B that the UE has data to transmit. Additional information may be provided to the Node B, e.g., the amount of data, an indication of the power availability in the UE, channel quality etc.

If E-DCH utilizes the HARQ, the possible operations for scheduling considering retransmission are as follows.

· Autonomous retransmission by UE: UE sends the retransmission at subsequent retransmission timing without allowance of Node-B if UE receives no ACK. In this case, UE does not need to monitor the scheduling related channel for retransmission. But UE could cause unexpected interference in the cell if Node B does not reserve the noise rise of this UE for retransmission.

· Scheduled by Node B for retransmission: UE sends the retransmission if UE receives no ACK and Node B allows retransmission at retransmission timing. In this option, one possibility is that UE may be allowed to retransmit only if the TFC of initial transmission is within the allowed TFC subset assigned by Node B. In this case, retransmission could be delayed if Node B assigns the lower TFC subset than TFC of initial transmission. Another possibility is that even if the assigned TFC subset doesn’t include the TFC of initial transmission, UE is allowed to retransmit with the same TFC of initial transmission at a transmit power derived appropriately from the assigned TFC subset.
Considering above relationship, the design of scheduling scheme needs to take into account HARQ operation.
7.1.1
Node B Controlled Rate Scheduling by Fast TFCS Restriction Control
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