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1.
Introduction

In FDD in R99, the UE has the ability to use the RACH or the dedicated channel when it desires to transmit data in the uplink. The choice is dictated by the UTRAN and the RRC state the UE is directed to (CELL_FACH, CELL_DCH). In case of the RACH there is essentially no scheduling of the user per se, but the UTRAN has the ability to control the RACH transmissions through back off parameters for the random access. In case of dedicated channels there is some scheduling of the user data transmissions in the uplink, through configuration of the logical channel priority and the TFCS configuration. This scheduling is performed by the SRNC and so indicated through appropriate RRC signalling.

The EUDTCH is a dedicated channel but the scheduling (i.e. permission to transmit) is done at the UTRAN in keeping with the concept of the UTRAN controlling the allocation of all resources. The question thus arises as to what is the appropriate scheduling entity in the case of the enhanced uplink dedicated channel. Given the prior discussions in regard to HSDPA it seems fairly straightforward to conclude that scheduling is best performed by the entity that has the most current channel condition information. Since the EUDTCH is designed for the purpose of maximizing the uplink data rate by up to date monitoring of the noise rise at the Node B, the power margin at the UE and the current channel conditions, it would seem logical to conclude that the Node B should be the appropriate entity for scheduling transmissions on the EUDTCH. 

In the case of HS-DSCH it was concluded that the Node B would perform the scheduling and in order to simplify the operation the HS-DSCH always operates without macro-diversity (no SHO, only one transmitter). There is therefore one transmitting entity (the Node B) and one receiver (UE). 

The operational constraints of the EUDTCH have not been discussed yet. In this case there would be one transmitter and either one or many receivers (Node Bs). The complexities associated with SHO operation of the EUDTCH need to be considered especially with regard to HARQ and scheduling functionalities. 

These issues are essentially the domain of RAN WG2. However, given the current study item phase of the feature, this contribution aims to merely discuss the issues involved in order to examine whether in fact Node B scheduling is even plausible in all cases. As and when the decision is made to transition to a work item, RAN WG2 will be involved in the final decision making process for this issue. 

Note, chapter 2 is directly written in the format of a text proposal into TR 25.896.

2.
Scheduling and Macro-Diversity

There are obviously two possibilities: operating the EUDTCH in SHO and disabling SHO for the EUDTCH.

2.1
Case 1: Disabling macro-diversity: 

In this case, the issue is relatively straightforward. The UE requests for uplink resources by conveying traffic volume information. Based on the capability of the UE and amount of data to be sent (note some additional signaling may be required to indicate that data to be sent is not for signaling purposes but application related data; the assumption here is that the EUDTCH is not used for signalling purposes since we are “enhancing” the DTCH.), the UTRAN configures the EUDTCH if this is the first request and appropriate RRC signaling for the physical channel configuration is transmitted on the Uu. Similar configuration messages are transmitted on the Iub to the Node B in question. Here it is implied that the SRNC makes a choice of the Node B for configuration based on active set strengths, noise rise information, etc. It is seen that this in itself could lead to some dilution of the overall performance enhancement that can be achieved, since the active set strengths can be varying rapidly and the SRNC cannot have the latest information re: Node B noise rise etc. Nevertheless, there are two options. 

2.1.1
Option 1: SRNS Scheduling Assignment: 

The EUDTCH physical channel configuration message is also used, in addition, to schedule the transmissions. However, as is obvious this is not optimal since the SRNC does not have the latest channel condition information and noise rise margin at the Node B. Optimal use of resources in this case would require very frequent transfer of noise rise information from the Node B to the RNC over the Iub.  Also, accurate channel condition information of the UE is certainly not available at the SRNC. Moreover, significant delay is added for the ACK/NACK information transfer to the scheduler over the Iub causing substantial degradation in overall performance.

2.1.2
Option 2: Node B Scheduling Assignment: 

This leads to the second choice – the Node B following physical channel configuration by the SRNC, schedules the transmissions by the UE. Appropriate apportioning of the Node B noise rise, between the UTRAN and the Node B, would be needed and enabled through appropriate NBAP messaging. Subsequently the Node B will transmit the scheduling information on the downlink Scheduling Assignment Control Channel.

In this case option 2 above, with the Node B transmitting the scheduling assignment, therefore seems the appropriate choice for the location and operation of the scheduling entity. However, as noted above there are some constraints in overall performance achievable, due to the lack of appropriate information at the SRNC.

2.2
Case 2: Enabling Macro-diversity:

It needs to be decided whether to permit the SHO operation for the uplink, i.e. should multiple Node Bs be allowed to make scheduling decisions regarding uplink transmissions? If so desired, then a number of options present themselves.

2.2.1
Option 1: 

In this case one option would be for the SRNC to configure all the Node Bs (cells) in the active set on the Iub and send the RRC EUDTCH physical channel configuration message on the Uu as indicated in Case 1. (Note: For simplicity of discussion, the DRNC involvement is not discussed here though it can be noted that this does not lead to any major issues.) One of the Node Bs (or more than one Node B) in the active set would then schedule the user. 

2.2.2
Option 2: 

Another option would have been for the SRNC to choose only one of the Node Bs in the active set for configuration of the EUDTCH resources. This Node B, then also performs the scheduling. This is essentially a slight modification of the previous option. In this option the SRNC is performing some of the “scheduling” by picking one of the Node Bs for configuration. The choice of the Node Bs would be based on the latest measurement report from the UE of the active set strengths. A variation of this option would be to have the RNC configure all the Node Bs in the active set for the EUDTCH resources, while permitting only one of the Node Bs to perform the scheduling. This would allow for rapid changes in the permitted Node B due to already configured resources at the new Node B. However, neither of these variations of this option is optimum since the active set strengths can vary rapidly and thus the SRNC may not make the most appropriate choice of Node B.

2.2.3
Option 3: 

The third option would be for the SRNC to choose one of the active set Node Bs for configuration and then also provide the scheduling for the transmissions. This of course suffers from the disadvantages of the previous options and also suffers from lack of the latest channel condition information leading to non-optimal usage of resources. In addition the round trip time for the ACK/NACK information over the Iub would prove severely limiting.

2.2.4
Details of Option 1, Case2:

It seems that the best option is Option 1, considering the overall performance enhancement that can be achieved. It is worthwhile then to consider some more details of this option. Option 1 itself can further be divided into two sub-cases A and B. In sub-case A active set Node-Bs are proactive and use channel resources to listen if a UE is being scheduled by another active set Node-B.  In sub-case B only the scheduling Node-B listens to the scheduled UE. Both cases are considered in more detail in the companion document R1-03-0068.  Only sub-case B is considered here.

Node Bs belonging to the active set may schedule a UE for transmission during different sub-frames for a paticular scheduling interval signaled by both Node-Bs on their respective scheduling assignment control channels. In this case the UE picks one of the Node B’s assignments and transmits packets accordingly. The Node B not selected on this occasion would be listening at the wrong time and therefore would not receive any packets from this UE.

A Node B would listen to the UE only during the sub-frames assigned by it, when and if it has assigned resources to the UE. In SHO, if two Node Bs have assigned the same sub-frames (or there is a subset of sub-frames that have been assigned by both Node Bs), the Node B that has successfully received a packet, irrespective of whether it sent the scheduling assignment or not, would forward it on to the higher layers and the UE then on receiving the ACK from this Node B would move on to the next packet for transmission. It is FFS whether there is significant complexity associated with listening to multiple DL ACK/NACK channels and if it is desired to have such functionality in the UE. If for any reason both Node Bs successfully receive a packet, upper layers would remove any duplicate packets in the case of AM RLC operation. In the case of UM duplication detection would need to be enabled. The benefits of having the scheduling being done at the Node B far outperform the benefits of not having to add duplication detection for UM RLC (note that in this case the duplicate packets would be received simultaneously at the higher layers making the detection fairly straight forward).

2.3
Split Schedulers

Another option is to have scheduling done at both the SRNC and the Node B depending on the situation. In SHO, the SRNC would be the scheduling entity while the Node B does the scheduling when not in SHO. Performing the scheduling at the SRNC may have been desired during SHO to avoid complications associated with upper layer treatment of received packets. However, on the basis of the discussion above and the discussion in the companion document R1-03-0068, such an option seems un-necessary. 

The further disadvantages of having a split scheduler, in addition to those already mentioned above with the RNC performing scheduling on some occasions, is that such a scheme would require substantially more messaging both on the radio and the Iub interface to enable resetting of the HARQ entities and buffer synchronization every time the active set membership changes from and to 1.

3.
Conclusions

With Case 2, option 1 (i.e. Macro-diversity enabled, all active set Node Bs configured, (multiple simultaneous) Node B scheduling) sufficient simplicity can be maintained for the EUDTCH while still moving the scheduling functionality in all cases to the Node B. No particular problems are foreseen in enabling SHO operation for the enhanced uplink. A companion document presents more information on the synchronization of the HARQ operation at the various Node Bs and the considerations involved in the choice of IR and Chase during SHO. It is proposed that the Node B be considered as the scheduling entity for the uplink transmissions, for this phase of the study item, irrespective of the enabling of macro-diversity.

