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Discussion
1
Introduction

So far, several UL resource allocation schemes for VoIP traffic were proposed [1]-[5],[9]. This document summarizes those proposals and qualitatively compares pros and cons in terms of the signalling overhead, impacts of the signalling error, etc.
2 Discussion
2.1 Proposed resource allocation scheme for voice service
In this section, the main points of respective proposals are summarized. Table 1 shows the summary of the proposed resource allocation schemes. Note that shaded cells include our guesses.
Table 1: Summary of the proposed allocation schemes
	Proposal
	Proposal #1 (Lucent)
	Proposal #2 (DoCoMo)
	Proposal #3 (Motorola)
	Proposal #4 (Samsung)
	Proposal #5 (Qualcomm)
	Proposal #6 (Ericsson)

	Reference doc.
	R2-062227
	R2-062164
	R2-061994
	R2-062218
	R2-062379
	R2-062859

	Allocation type
	Short lived
	Long lived
	Short lived
	Long lived
	Long + Short lived
	Short lived

	Message in the UL
	Resource request
	Release request
	Resource request
	State indication (Silent to talk)
	State indication (talk or silent)
	Resource request

	UL signalling 
	Dedicated L1/L2 (*1)
	Dedicated L1/L2 (*1)
	Synch. RACH
	Synch. RACH
	Dedicated L1/L2 (*1)
	Dedicated L1/L2 [10]

	DL signalling for resource grant
	L1/L2
	RRC
	L1/L2 (on/off) RRC (RU)
	L1/L2(grant) RRC (interval)
	L1/L2
	L1/L2 (Resource index) RRC (Resource set)

	HARQ
	Unknown
	Synch.
	Synch.
	Synch
	Synch.
	Synch.

	VAD
	From silent to talk
	Buffer state
	Packet size at UE
	Packet size at UE
	Packet size at UE
	Buffer state at UE (packet size)
	Packet size at UE

	
	From talk to silent
	
	Timer at UE
	Packet size at eNB
	Packet size at eNB (or UE)
	Timer at eNB (and UE)
	Packet size at eNB


*1: Dedicated L1/L2 control channel can be either merged with CQI report or separately assigned.
In order to clarify the difference of the respective schemes, Figure 1 illustrates the resource reservation/release procedures for each proposal. Here, the line width of each arrow explains the size of the control signalling bits
In Figure 1, the white boxes in the first row 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.
Then in Figure 1, each row below the first row depicts the resource allocation/release mechanism for the different proposals in Table 1. Blue boxes show short lived resource units assuming a durations of 1 TTI. Green boxes show long lived resource units assigned to an UE (or a group of UEs in case of proposal 3) for an undefined duration until they are released by the scheduler with an allocation interval configured by RRC (20ms in the figure). The white boxes in each proposal show the released RUs. In proposal 2, RUs are released for a certain duration configured by RRC, and the persistently allocated resources are accessible by the persistently scheduled UE after the release duration expires. The pink boxes show the wasted RUs (i.e. persistently scheduled RUs that the persistently scheduled UE does not need to use, but are not reallocated to other UEs) due to signalling error of the release control message (proposal 2) or delay to detect silent period (proposal 4 and 5).

The black arrows show resource allocation request message. This request could be transmitted either on dedicated L1/L2 control channel (for proposal 1, 2, 5 and 6) or on the synchronized RACH (for proposal 3 and 4). The red arrows show resource grant. Thickness of these red arrows represents the cost of the signalling. That is, the thick red arrow needs more information bits than thin one used for fast on/off allocation used in proposal 3 or semi persistent scheduling used in proposal 6. The green arrows show the release request message sent by the UE when the UE doesn’t need uplink resources. The dashed green arrows mean that they are not necessarily transmitted as silent period detection can be done in the network side. The red crosses show the signalling error of the signalling messages.
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Fig.1: Comparison of resource allocation scheme for voice traffic
2.2 Comparison

This section describes a qualitative comparison of these schemes from following point of view:
· Required radio resources for control signalling
· Impact of the signalling error

· Hardware resource and complexity

· Statistical multiplexing effect
2.2.1 Required radio resources for control signalling
· Uplink control signalling overhead
The proposed uplink control signalling channel is classified into two groups from Table 1. The first group is to use dedicated L1/L2 control channel for resource request or release request (proposal 1, 2, 5 and 6). The second one is to use synchronized RACH for the talk spurt occurrence (proposal 3 and 4) and resource request for SID frame (proposal 5).
It is difficult to accurately compare the efficiency of the schedule based channel (dedicated L1/L2 control channel) and contention based channel (i.e. synchronized RACH) since the definition of the synchronized RACH is not clear at this moment, but a comparison for the amount of the required radio resources between the scheduled based channel and contention based channel for the resource request is shown in [7]. The preliminary evaluation concludes that the amount of the required radio resources for the schedule based channel could be less than that for the contention based channel for most of the important range of the resource request occurrence ratio such as less than every 10 sec to achieve the contention probability of 10-2. In general, it is considered that average duration of the talk spurt and silent period could be in the order of seconds. Then the occurrence ratio of the resource request for the VoIP traffic could be less than every 10 sec even if we consider that the scheduling request is transmitted only when the status change occurs. Therefore, it is assumed that this conclusion could be hold even in the case of VoIP. For instance, according to the result shown in [7], it is necessary to allocate the resource for synchronized RACH more often than 0.5 msec to achieve the contention probability of 10-2 when the number of the UE is 100 and resource request occurrence ratio is 0.5 times/sec.
Therefore, taking the result of the document into account, dedicated control channel should be used for uplink control signalling rather than synchronized RACH.
· Downlink control signalling overhead
The proposed downlink control signalling channel is classified into three groups from Table 1.
The first group (proposal 2) does not assign RUs using uplink scheduling grant during a VoIP session, but only assigns RUs via RRC at call setup.
The second group (proposals 1, 4 and 5) assigns RU using the normal uplink scheduling grant during a VoIP session with different frequencies (proposal 1, 4 and 5). The exact number of the required bits for the normal uplink scheduling grant is still FFS, but at least 10 bits are necessary according to [8]. Within the second group, the normal uplink grant is required: for every VoIP/SID packet for proposal 1; for every talk spurt to silent period transition and vice versa for proposal 4; for every silent period to talk spurt transition and SID packet for proposal 5.

The third group (proposal 3and 6) assigns RU using a special uplink scheduling grant addressing a group of UEs during a VoIP session. In [9], it was expressed that 3bits per UE + 1 group ID for all the users in the group might be required.
From the required amount of the downlink control signalling view point, RRC signalling for static assignment of time-frequency resource is preferable.
2.2.2 Impact of control signalling error

In this section, the impacts of the control signalling error are investigated.
· Uplink control signalling error
The contents of the uplink control signalling channel are roughly classified into two groups from Table 1. The first one is to use resource request (proposal 1, 3, 4, 5 and 6). The second one is to use release request (proposal 2).
If the resource request is not detected at the eNB, scheduling delay or packet discard by the UE occurs. For example, allocation delay of at least one RTT for re-assignment of the uplink resource will occur. Otherwise, the UE might just discard the packet. In addition to this, if synchronized RACH is used for resource request, contention of the resource request would also cause scheduling delay or packet discard by the UE depending on traffic load conditions as pointed out in [1].

On the other hand, if the release request is not detected at the eNB wasteful RU occurs as persistent resource cannot be released. In addition to this, collision of the UL-SCH would occur if release request are falsely detected. However, the impact of the false alarm can be minimized by adjusting the detection threshold properly.
From the latency viewpoint, uplink control signalling with release request on dedicated channel is preferable.
· Downlink control signalling error
The content of the downlink control signalling is the allocation of the time-frequency resource in any proposal. Therefore the difference is the signalling channel used for (i.e. RRC or L1/L2 control channel).
Impact of the RRC signalling error is just connection setup delay due to the retransmission of the RRC signalling. And there is no impact during a call session (note, this applies to all proposals). On the other hand, L1/L2 control signalling error of the resource grant would cause wasteful RUs and scheduling delay or packet discard by the UE as same as the uplink control signalling error.
Therefore, from the impact of the downlink signalling error view point, RRC signalling for static assignment of time-frequency resource is preferable.
2.2.3 Hardware resource and complexity

When the synchronized RACH is used for uplink signalling, it is necessary to transmit scheduling request including UE ID for every status transition. Therefore the required amount of synchronized RACH resource will be increased to keep low contention probability. It may be possible to reduce the required radio resources for the synchronized RACH by employing code multiplexing with user specific code or some other means. However, there are concerns for the increase of the hardware resources and complexity as numerous VoIP users should be supported in LTE. For example, in order to avoid collision between N users, it is necessary to allocate N orthogonal codes and to prepare N receivers. The number of orthogonal codes could be decreased to apply the grouping code. However, it will increase the contention probability or additional complexity. In addition to this, necessity of the CRC protection for the message of the synchronized RACH may need to be considered. The applicability of such approaches needs to be evaluated carefully from RAN1 view point.

2.2.4 Statistical multiplexing
In this section, the effect of the statistical multiplexing for each proposal is discussed. Generally speaking, short lived dynamic resource allocation can fully exploit statistical multiplexing effect as any time-frequency resources can be assigned when they are requested by paying the penalty for the overhead of the resource grant. Meanwhile, even for the long lived resource allocation, statistical multiplexing effect can be expected as the released radio resources can be assigned for other UEs by short lived or long lived resource allocation.
2.2.5 Summary of the comparison

Table 2 summarizes the respective alternatives.
Table 2: Comparison of the proposed allocation schemes
	Proposal
	Proposal #1
	Proposal #2
	Proposal #3
	Proposal #4
	Proposal #5
	Proposal #6

	Required radio resources of uplink control signalling
	Dedicated resources for every 20 msec
	Dedicated resources for every 20 msec
	Sync RACH access slot for every 0.5 msec or more frequent(*1)
	Sync RACH access slot for every 0.5 msec or more frequent(*1)
	Dedicated resources for every 20 msec
	Dedicated resources for every 20 msec

	Required radio resources of downlink control signalling
	L1/L2 at every resource grant
	Only for call setup by RRC
	Reduced L1/L2 at every resource grant
	L1/L2 at every state transition
	L1/L2 at every state transition and SID
	Reduced L1/L2 at every resource grant

	Impact of uplink control signalling error
	Allocation delay for one allocation cycle or single packet discard
	Wasteful RU/ collision for duration released by one release request
	Allocation delay for one allocation cycle or single packet discard 
	Allocation delay for one allocation cycle or single packet discard 
	Allocation delay for one allocation cycle or single packet discard 
	Allocation delay for one allocation cycle or single packet discard

	Impact of downlink control signalling error
	Wasteful RUs and allocation delay for one allocation cycle or single packet discard
	None
	Wasteful RUs and  packet discard
	Wasteful RUs and allocation delay for one allocation cycle or single packet discard 
	Wasteful RUs and allocation delay for one allocation cycle or single packet discard
	Wasteful RUs and allocation delay for one allocation cycle or single packet discard

	Hardware resource and complexity
	Low
	Low
	High only if CDM is applied
	High only if CDM is applied
	Low
	Low

	Statistical multiplexing
	Full
	Possible with resource release
	Full
	Possible with resource release
	possible with resource release
	Full


*1: .Assuming the number of UEs is 100 for the contention probability of 10-2 with the resource request frequency  of 0.5 times/sec.
2.3 Conclusion
From the overall comparison, we think that proposal 2 has a possibility to minimize the required resource for the control signalling, has less impact for the signalling error and reduce the hardware complexity. For those reasons, we conclude that proposal 2 is promising for the resource assignment scheme for VoIP service in the uplink.
3 Proposal

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