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1.
Introduction
In this document we discuss the factors that limit the VoIP capacity for LTE and compare the achievable capacity with different scheduling strategies. We also describe the concept of semi-dynamic scheduling (a.k.a semi persistent scheduling outlined in [6]) as a means to maximize the VoIP capacity. The discussion is focused on uplink scheduling.
The contribution does not address optimizations regarding the transmission of scheduling requests and scheduling information (e.g. buffer reports). Different solutions can be imagined for reducing the need for scheduling information but such optimizations are independent to the solutions discussed here.
2.
Mechanisms impacting VoIP capacity

2.1
Impact of link adaptation

One major difference between variants of dynamic scheduling and persistent scheduling is the possibility to apply link adaptation to cope with varying radio link quality. In persistent scheduling resources are allocated to users via RRC signalling to be valid over a longer time. If no special mechanisms are used this gives very limited means to perform link adaptation and the resources allocated to a UE need to be large enough to allow for channel quality variations. The difference to dynamic scheduling in this respect is shown in the following calculations.

The SNR distribution for a system according to the 3GPP LTE simulation case 1
 has been derived and the SNR has been mapped to a bitrate distribution. From the bitrate distribution, the necessary number of resource blocks needed to carry a VoIP frame from an AMR 7.95 kbps codec has been calculated. The results can be seen in Figure 2 below. For dynamic scheduling with link adaptation the capacity can be estimated as the total number of resource blocks available in the system during 20 ms divided with the average number of resource blocks needed per VoIP frame. For a persistent scheduling mechanism without link adaptation the resources need to be allocated to handle users at the cell edge. The capacity for persistent scheduling is estimated as the total number of resource blocks in the system during 20 ms divided with the 95 percentile of the needed number of resource blocks per VoIP frame. The results are summarized in table 1 below. In the capacity estimation 400 useful RBs during 20 ms has been assumed corresponding to an overhead of 20%. Further a voice activity factor of 55% has been assumed.
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	Mean RBs per VoIP frame
	Capacity (users)

	With link adaptation
	2.4
	300

	Without link adaptation
	6.0
	121


Table 1 Mean RBs per VoIP frame and estimated capacity for a system with and without link adaptation 

As can be seen in Table 1 the capacity for a system with link adaptation is significantly larger (150 % in this case) than for a system without link adaptation. From this simple comparison it is evident that link adaptation must be applied to achieve a high capacity for VoIP traffic. This means that a pure persistent scheduling strategy without link adaptation is very inefficient.
2.2
Impact of interactions with synchronous HARQ

As mentioned in earlier contributions synchronous HARQ in uplink interacts with any scheduling scheme that is persistent in time. This is illustrated in the Picture below.
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Figure 2 Illustration of HARQ interaction with persistent (in time) scheduling
In the example a synchronous HARQ protocol with 5 processes is shown. A VoIP service is persistently scheduled once every 20 ms and two HARQ retransmissions are considered. Only allocations in process 1 are shown to simplify the figure but users are assumed to be scheduled in all processes. It is clear that if the resource corresponding to the circled area would be used for a new data transmission of another UE any HARQ retransmissions of this data would lead to collisions with the next occurrence of persistent scheduled resources for user 1. This means that in practice the resource can not be used and 25% of the resources are thus unused. One could argue that by choosing the number of processes and HARQ retransmissions differently the resources could be used more efficiently. E.g. if only 1 HARQ retransmission is considered it would be possible to fit 2 users within 20 ms for each HARQ process. However, it should be noted that if one HARQ retransmission is targeted in average this frequently leads to that zero or more than one HARQ retransmissions are needed, leading to unused resources or HARQ collisions respectively. 
We therefore conclude that an efficient scheduling mechanism must support collision-free transmissions and re-transmissions while utilizing all available transmission resources. This requirement can be fulfilled by means of dynamic and semi dynamic scheduling where both collisions and unused resources can be avoided, but also other mechanisms could be possible.   
2.2
Control channel limitations

The capacity is limited by both the resource usage for the actual payload (VoIP frames in this case) and the control channel overhead necessary to perform the scheduling in case dynamic scheduling is used. The current assumptions in RAN1 indicate that the size of the scheduling information needed for uplink grants and downlink assignments are around 46 bits and 36 bits, respectively [3]. For simplicity it is assumed in the following discussion that an assignment or a grant can be fitted into 40 bits including a 16 bits UE specific CRC
. This simplification does not change the conclusions. 

If we assume that an acceptable overhead for scheduling related control channels is 1 out of 14 OFDM symbols this gives, for a 5 MHz carrier, 600 coded bits per TTI. The coding rate needed for these control channels is still under discussion in RAN1 but assuming that a rate of 1/4 to 1/3 is needed this results in 150 to 200 information bits per TTI. In the following we assume that we can fit e.g. 4 control channels of 40 bits each, implying that e.g. 2 grants and 2 assignments can be transmitted per TTI. If the acceptable overhead is 2 out of 14 OFDM symbols this would give 4 grants and 4 assignments per TTI.  
Dynamic scheduling of VoIP users is an illustrative example of the restrictions that the control channel gives. In an approximation each VoIP user requires either a scheduling grant or a scheduling assignment every 20 ms depending on if the UE is transmitting or receiving (corresponds to a voice activity factor of 50%). The supported number of VoIP users under these assumptions is shown in the table below.

	Control channel overhead
	1 VoIP frame per TTI
	2 VoIP frames per TTI (bundling)

	1 of 14 OFDM symbols
	80 users
	160 users

	2 of 14 OFDM symbols
	160 users
	320 users


Table 2
Supported number of VoIP users in 5 MHz with dynamic scheduling (only considering control channel overhead)
3.
Capacity comparison between persistent and dynamic scheduling

The VoIP capacity for a system can be estimated by combining the factors discussed in Section 2.
For persistent scheduling the capacity can be estimated as the capacity of a system with-out link adaptation (121 users) compensated with the loss due to HARQ interactions (-25%) i.e. in total 91 VoIP users
For dynamic scheduling the capacity can be estimated as the minimum of the capacity of a system with link adaptation (300) and the number of users that can be scheduled with dynamic scheduling. If no frame bundling is used this gives a capacity of  80-160 users depending on if 1 or 2 OFDM symbols are used for scheduling control channels. If frame bundling is used 160-320 users can be supported, i.e. it is possible to reach the limit of 300 users for a system with link adaptation such that the scheduling control channels do not limit the capacity. However, this would require that both frame bundling (scheduling 2 VoIP frames per scheduling occasion) is used and 2 OFDM symbols are spent on scheduling control channel overhead.
In the following section the concept of semi-dynamic scheduling is described (introduced as semi persistent scheduling in [6]). Semi dynamic scheduling applies dynamic scheduling with optimized control channel overhead and can reach the maximum capacity of 300 users with only one OFDM symbol overhead.
4.
Semi-dynamic scheduling

The approach taken here is to configure most of the information carried in the scheduling assignment and scheduling grant via RRC signalling. For the downlink it would be possible to pre-configure a set of resource indications and transport formats and for the uplink it would be possible to pre-configure a set of resource assignments and transport formats. The following description includes both scheduling grants and scheduling assignments but it should be noted that the detailed physical layer information for grants and assignments is slightly different.

Sine the physical layer information is pre-allocated, a short grant or assignment can be used to indicate when the pre-configured resources shall be used by the UE. The short grant/assignment only have to indicate:

· UE id

· Index to one of the pre-allocated resource sets

· HARQ info (in DL)

However, unless an efficient coding of the UE id is used the gain of using short grants and assignments is not very significant (It has here been assumed that a 16 bit UE specific CRC is used to indicate the UE id for dynamic scheduling). It is therefore proposed that a grouping of UEs is used. It is here assumed that 4 UEs are present in each group and a UE is identified through the group id and the position in the group.


[image: image3]
Figure 3 Illustration of the concept of semi dynamic scheduling. The figure shows the case where 2 out o4 4 UEs are scheduled in a TTI.

The basic principle is illustrated in Figure 1. Resources has been pre-allocated by RRC for each UE and each allocated resources is assigned a resource index Rk.. In the example UE1 is assigned downlink resource index R2. It is assumed that the scheme is used as a complement to dynamic scheduling. The UE listens to two IDs, one dedicated ID and a group ID and the UE can at any point in time be addressed through any of these IDs. The number of pre-allocated resources via RRC can therefore be kept small since a UE can be addressed with the dedicated ID in case there is no pre-allocated resources left in a TTI. In case only some of the UEs in the group need HARQ retransmissions, these retransmissions can either be scheduled through the group grant or through individual dynamic grants.

With the above assumptions a short scheduling grant/assignment would then consist of

· UE group id (16 bit group specific CRC)

· And for each UE in the group:

· 3 bits to indicate one out of 8 resources/TB sizes/modulations 

· 5 bits for HARQ related info in downlink (process id, RV) 

In total this gives 16 + 4*7 = 48 bits for the whole group which should be possible to fit into one control channel. The uplink scheduling grant could in principle be made smaller since no HARQ info is needed due to synchronous HARQ in uplink, but it is here assumed that the uplink scheduling grants have the same size as the assignments for simplicity.  

Note that it is possible to indicate either a downlink or an uplink resources to each UE in a UE group. If it is necessary to indicate both an uplink and a downlink resource for the same UE one of the indications either must be delayed a TTI or a normal dynamic grant can be used to indicate the resource in one of the directions.

With the same assumptions on the control channel as in section 2 it is possible with the described scheme to transmit 16 grants or assignments per TTI.

The supported number of VoIP users under these assumptions is shown in the table below.

	Control channel overhead
	1 VoIP frame per TTI
	2 VoIP frames per TTI (bundling)

	1 of 14 OFDM symbols
	320 users
	640 users

	2 of 14 OFDM symbols
	640 users
	1280 users


Table 3
Supported number of VoIP users in 5 MHz with semi dynamic scheduling (only considering control channel overhead)
As seen from Table 1 and Table 2 the semi dynamic scheduling can support significantly more users than the dynamic scheduling.  It by far exceeds the target of supporting 200 active users (or alternatively 200 VoIP users can be supported simultaneously as other traffic). It should also be noted that the maximum capacity in the scenario simulated in section 2 (300 users) can be supported with only 1 OFDM symbol scheduling control channel overhead.
The semi dynamic scheduling described here can be seen as an extension of the scheme proposed in [4] where a grouping of users is also foreseen but a bitmap is used to address an individual UE in the group. The proposal in [4] is to have one bitmap for scheduling grants and one bitmap for scheduling assignments. Some drawbacks with that scheme is that it is difficult to apply any link adaptation and the scheme does not consider asynchronous HARQ for DL where HARQ info would need to be indicated together with the grant.

With the semi dynamic scheduling a limited link adaptation can be applied where one of a number of different (e.g. 4) resource assignments/ code rates/modulations can be selected for transmission in each direction (uplink/downlink). This allows for adaptation to varying radio resources and varying payload size due to SID frames, varying header sizes due to header compression or packet bundling. As shown in [5] it is beneficial from a capacity perspective to allow packet bundling where a few VoIP frames are scheduled in the same TTI, which is possible with this scheme. 

Due to the possibility to apply link adaptation there is no need to have a fast switching mechanism between UE groups. It should be sufficient to change group seldom (if at all) and this can be handled via RRC signalling.
5.
Discussion and Decision
As discussed in this document the capacity of LTE is limited by both the resource usage for the payload and the scheduling control channels. It was shown that
· The VoIP capacity for dynamic scheduling and semi-dynamic scheduling exceeds the capacity for persistent scheduling  

· Semi-dynamic scheduling minimizes the control channel overhead but still allows link adaptation and avoids harmful interactions with synchronous HARQ

· With semi dynamic scheduling it is possible to reach the capacity limit of the system for VoIP traffic with a minimum of control channel overhead

We therefore propose the following:

· Semi dynamic scheduling as outlined above should be introduced for LTE as a complement to dynamic scheduling
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Figure � SEQ Figure \* ARABIC �1� Normalized bitrate (left) and resource blocks per VoIP frame (right) in a system with 500 m ISD





















































































































































� 500 m ISD, TU channel, uniformly distributed users, 2 RX antennas. Note: In the simulations a 5 MHz bandwidth has been assumed


� Note that the current RAN1 assumptions on the size of the scheduling grant is somewhat pessimistic. Separate coding of information for different users and for uplink and downlink  is assumed here but the conclusions in this contribution are not directly dependent on that assumption..


� In case a UE is not scheduled through the group ID in a TTI this would be indicated through a reserved value on the 8 bits, e.g. all bits set to zero.
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