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Discussion and Decision
1
Introduction

The four types of uplink resource assignment strategies were identified in the previous RAN2 Ad-hoc meeting in Cannes [1]. We need to clarify which allocation type is necessary (or suitable) for efficient resource allocation for various services. This document presents our view on the principle of uplink resource assignment scheme taking these assignment strategies into account.
2 Discussion
We discuss resource allocation for two major service types, that is, best effort service (i.e. non-voice service) and voice service, in section 2.1 and 2.2, respectively
2.1 Resource allocation scheme for non-voice service
In this section, we present our views on the resource allocation scheme applied for non-VoIP service. Short lived dynamic allocation seems to be suitable in order to take advantages of the user diversity effect of the shared channel.
2.1.1 Resource request procedure (used when UE does not have a resource grant)
2.1.1.1 1-step vs 2-step resource request procedure
Resource request is a procedure to request eNB to assign uplink resource units (RUs) when a UE does not have a resource grant. Buffer status report of the radio bearer(s) of the UE is provided to the uplink scheduler in the eNB. The granularity of the buffer status report should be fine so that efficient scheduling among multiple UEs and also among radio bearers can be achieved. For instance, buffer status report (UL scheduling information) used for E-DCH in Rel-6 includes highest priority logical channel ID, total E-DCH buffer status, highest priority logical channel buffer status, UE power headroom with 18-bit length. It is anticipated that the message size of the buffer status report for the LTE would be similar to that for the E-DCH.
Two alternatives are possible for resource request procedure. The first one is a 1-step resource request procedure, where the “buffer status report” is transmitted immediately. The second one is a 2-step resource request procedure, where a “scheduling request” is transmitted first in order to request uplink resource units to the eNB in order to transmit the “buffer status report”,
Achieving short latency is an important target for the LTE system. Then, 1-step resource request procedure is desirable from the scheduling latency view point. In the 1-step approach, the possible approach to transmit the “buffer status report” is (1) to use the (non-)synch RACH, (2) assigned fixed UE dedicated resource for “buffer status report” or (3) to send “buffer status report” with UL L1/L2 control channel associated to the DL-SCH. However, as shown in [2], at most 24-bits can be transmitted over the synch RACH. Assuming that the UE ID must be indicated, it seems difficult to map the “buffer status report” on the (non-)synch RACH. It is also inefficient to assign UE dedicated resources or space within the UL L1/L2 control channel associated to the DL-SCH for the “buffer status report”, since buffer status reporting is not necessary when the UE has no data to transmit. Therefore we think that the 2-step resource allocation request procedure is preferable.
2.1.1.2 Scheduling request 

We assume the following features for the scheduling request.
· The channel used for scheduling request
The channel used for scheduling request depends on whether the eNB and the UE are synchronized or not. In the case where they are not synchronized, non-sync RACH must be used. Otherwise, either scheduled resources assigned for the UE or synchronized RACH should be used.
· Response to the scheduling request

After receiving scheduling request from the UE, the eNB allocates the minimum resource units to the UE for the transmission of the buffer status report. The eNB may allocate more resources for data to transmit if the network has sufficient available resources.
2.1.1.3 Buffer status reporting
In the buffer status reporting step, the UE informs the eNB its buffer status. The eNB decides how many resource units are granted for the UE based on the reported buffer status information. We assume the following features and requirements for the buffer status reporting.
· The channel used for buffer status reporting
The message size required for the buffer status reporting could be larger than that used for E-DCH since buffer status reporting “per group of radio bearers” are assumed in the RAN2 as of now. Therefore we think the resource request is transmitted over uplink shared channel rather than the uplink L1/L2 control channel. In our current view, it will be mapped on the MAC header (in fixed or extended part).
· Contents of the buffer status report
Regarding reporting quantity, buffer status (amount of data for each group of radio bearers) should be rounded by moderate granularity to reduce message size. In addition to this, the standard should limit the number of groups low (e.g. 3 to 4) to reduce the signaling message size of the buffer status report.
· Response to the buffer status reporting
After receiving buffer status report from the UE, the eNB scheduler allocates resource units to the UE according to the scheduling policy (algorithm). The allocated resource units are notified as the uplink resource grant using the downlink L1/L2 control channel.
2.1.2 Uplink resource grant and transport format selection
As the result of the previous RAN2 Ad-hoc meeting, it was concluded that per UE assignment (for one allocation type), i.e. no per resource bearer allocation, is a base line for the resource grant scheme. It is currently FFS if TFC selection is allowed for UE or not. In our view, uplink transport block size selection by the eNB may be beneficial since uplink L1/L2 control channel overhead can be reduced (i.e. TB size does not have to be indicated by the UE). Moreover, the reliability of the downlink L1/L2 control channel is in general higher than that in the uplink L1/L2 control channel. However, UE TFC selection must be performed. This means that multiple radio bearers will be multiplexed by Mux3, and PDU size of each radio bearer will be notified in the MAC header.
2.2 Resource allocation scheme for voice service

In this section, we present our views on the resource allocation scheme applied especially for VoIP service. We discuss the necessity of the “Long lived fixed or dynamic allocation” for voice service from the signalling overhead reduction view point. In the section 2.2.1, we present our definition of the persistent resource allocation. Principle of the persistent resource allocation and comparison of the possible alternatives are shown in the section 2.2.2 and 2.2.3, respectively.
2.2.1 Persistent resource allocation
Indicating the uplink resource grant for every TTI increases L1/L2 control channel overhead transmitted in the downlink. Hence, resource allocation scheme, which reduces the overhead of L1/L2 control channel for uplink data transmission, should be considered. Such allocation scheme is mainly necessary for conversational class service (e.g., VoIP) since the session time is longer than other bursty type traffic such as Web-browsing. And by employing the characteristics of the traffic, such that packet size is predetermined and packet arriving interval is constant during the session, it is possible to achieve efficient optimization in reducing the control channel overhead. For these reasons, we consider the radio resource allocation scheme in which radio resources are allocated over (defined or undefined) multiple TTIs without L1/L2 control channel for the optimization of voice traffic. We call such optimization persistent resource allocation in this document.
2.2.2 Control principle for the persistent resource allocation
In our view, the control parameters such as allocation interval, position of the allocated resource units (including frequency hopping pattern, if needed), and configuration of the HARQ are statically configured by RRC when a radio bearer is established since no change is necessary during the session. Meanwhile, some parameters (e.g. MCS/PRB) should be configured semi-statically to support slow reconfiguration such as for slow AMC. As for the retransmission scheme, it is currently assumed in the RAN1/2 that synchronized HARQ is preferable for the uplink. However, no HARQ operation (i.e. time diversity employing multiple transmissions) may be another possible solution for the voice service since further reduction of the control signaling (e.g. no HARQ feedback) and the reduction of the transmission power thanks to the time diversity could be expected.

2.2.3 Scheduling request/release control
Efficient resource utilization can be achieved by release and re-allocation of resource units (RUs) to other UEs when an UE in persistent resource allocation has little data to transmit during its silent interval. For this purpose, UE has to send “release request” and/or “resource request” message to eNB according to the existence of data to transmit. We classified three alternatives according to the allocation type and which type of control signal (i.e. “resource request” or “release request”) is used.
· Short lived RU allocation scheme (i.e. allocation duration of granted RUs is defined)

Alt.1: Only resource request procedure is used when UE buffer has data to send

· Long lived RU allocation scheme (i.e. allocation duration of granted RUs is undefined)

Alt.2: Only release request procedure is used when UE has no data to send.

Alt.3: Both resource request and release request procedure are used.
Table 1: Summary of the allocation and release schemes
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Table 1 summarizes the features of the respective alternatives and shows the pros and cons of each scheme. From the view point of the signaling cost, long lived allocation (alt.2 and 3) has a significant advantage since it doesn’t need indication of RU allocation over downlink L1/L2 control channel since the resource units are signaled by RRC and can be can be exclusively used for the assigned UE unless the explicit resource release request messages are sent. In addition to this, the alt.2 needs only release request message. From another view point, the significant difference between short lived allocation and long lived allocation is the impact of control signaling error. For the short lived allocation (i.e. alt.1), the impact of the control signaling error would be seen just as an allocation delay. On the other hand, for long lived allocation, wasteful RUs allocation and/or the collision due to the false alarm (if the control signaling is not CRC protected) might occur.
In order to clarify the difference of the respective schemes, Figure 1 shows the comparison of the three alternatives from the qualitative viewpoint. The gray boxes and white boxes, which are shown below the gray boxes, in the figure represent the model of the packet origination for speech conversation. We assume each speech packet originates every 20 msec in the talk spurt and the SID is generated every 160 msec when the session is in the silent period. The blue boxes show short lived resource units which is consecutively allocated (i.e. every 20 msec) for a certain period of time which is configured by RRC. The green boxes show long lived resource units which is persistently assigned for the specific UE undefined duration until they are released by the scheduler. The white boxes show the released RUs. In the case of alt.2 unused RUs are released for the certain duration configured by RRC and if the release duration expires, the persistently allocated resource can be accessible by the persistently scheduled UE. Meanwhile, in the alt.3, they are released for undefined duration unless they are requested again. The pink boxes show the wasteful RUs which are not correctly released by the eNB due to the signalling error of the release control message. The black/red arrows show resource request message and resource grant used for short lived resource allocation. The green arrows show the release request message sent by the UE when the UE doesn’t need uplink resources. Thickness of these arrows represents the cost of the signalling. That is, the thick red arrow needs more information bits than other signalling message. The red crosses show the signalling error of the release request messages.
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Fig.1: Comparison of resource allocation scheme for voice traffic

Figure 1 implies that, for the alt.1, the more the number of consecutive allocated RU increases, the less the overhead of the L1/L2 control channel would be. However, the number of the wasted RUs increases. Therefore the number of the consecutive allocated RU should be set to a low value (e.g. 4 as shown in the figure). As a result, the signaling cost required for the downlink L1/L2 control channel is higher than other allocation schemes. Therefore long lived allocation is preferable. The main difference between alt.2 and 3 is duration for the release of the persistently allocated RUs. Alt.2 releases only the defined number of RUs configured by RRC. For instance, two consecutive RUs are released by a release request in the figure. On the other hand, alt.3 releases the persistently allocated RUs for undefined duration until they are requested by the UE again. Therefore the impact of the control signaling error (i.e. the number of the wasted RUs) in the alt.3 is more significant than the alt.2.
From the overall comparison, the alt.2 has a possibility to minimize the number of wasted RUs and signaling cost of the resource request/release message and also has robustness for the signaling error. For those reasons, we conclude that alt.2 is promising for the resource assignment scheme for VoIP service.
2.2.4 Transport format selection for persistent resource allocation
We need to clarify if the uplink transport block size selection in the UE for persistent resource allocation is beneficial or not. It is considered that transport block size selection by the UE is efficient for persistent resource allocation utilizing small size of transport block (i.e. applied for VoIP) since padding overhead can be minimized. We may need to consider various scenarios (e.g. support of multiple codec type/rate, etc.). The feasibility of blind transport block size detection with limited number of transport block size (e.g. 2, for speech and SID) should be investigated.
3 Proposal

We propose to discuss the issue and to share a common view within the RAN2 working group.
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