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1. Introduction

By keeping VoIP traffic, uplink L1/L2 control and higher QoS traffic on orthogonal time and frequency resources very high uplink VoIP capacity can be achieved at moderate to high uplink IoT levels without impacting control channel performance or other higher QoS traffic and with OOB emissions that do not impact adjacent carriers.  In general, the smaller the transmission bandwidth used in a resource allocation (reuse 1) for single QoS traffic common to all cells the higher the IoT level that can be supported conditioned on some maximum allowed number of HARQ retransmissions (delay).
2. Purpose of UL Power control
Uplink (UL) power control in E-UTRA adjusts the UE total transmit power in order to achieve:
1) Successful packet reception after a targeted number of transmissions to achieve a desired QoS

2) Reliable control channel transport

3) Acceptable out of band emissions (OOB) for coexistence

4) Mitigation of adjacent channel EVM near far problem 

5) Acceptable interference rise over thermal noise (IoT) levels to:

i) Maintain cell edge coverage with acceptable cell edge performance

ii) Support different QoS traffic served by different cells on the same uplink resources

iii) Support traffic QoS and reliable control signaling on same uplink resources for different cells
3. UL IoT and Power Control
UL transmit power control maintains IoT levels low enough in each cell so that
i) OOB emissions from multiple simultaneous UE transmissions are kept at acceptable levels such that adjacent carrier performance is degraded less than x% where x might be e.g. 5%
ii) Cell edge coverage is achieved with acceptable cell edge performance
iii) Different traffic QoS served by different cells on the same UL resource is supported
iv) Traffic QoS and signaling reliability supported on the same UL resources for different cells
4. High UL IoT VoIP operation

High VoIP capacity with high uplink IoT levels can be achieved with persistent scheduling and HARQ since:

i) VoIP RA (12, 24, or 48 subcarriers) have low occupied bandwidth and therefore low OOB emissions
ii) VoIP with single QoS is mapped to same time frequency resources in every cell which improves the effectiveness of HARQ retransmissions, frequency diverse allocations, and interference avoidance in maintaining VoIP coverage and cell edge performance.

Also in this case VoIP cell edge users determine maximum acceptable IoT conditioned on maximum number of HARQ retransmissions needed being less than the delay bound allows such that simple call admission procedures can be used to maintain cell edge coverage and performance.
iii) Uniform VoIP traffic with same QoS on same resources in all cells can maintain high IoT that might limit other traffic with higher QoS requirements if served on same resources in other cells.

iv) Uplink L1/L2 control signaling is mapped to carrier band edge resource blocks in all cells such that data traffic IoT level does not limit control channel signaling reliability. Also persistent scheduling and appropriate assignment of TTIs avoids need to do TDM control signaling with data.
In general, however, if control signaling is TDM’d with data and is a separate code word then desired reliability can be achieved by using sufficient control channel coding to compensate for high IoT from data traffic or if not separate control word then reliability is achieved using HARQ retransmissions. 
5. Conclusions

By keeping VoIP traffic, uplink L1/L2 control and higher QoS traffic on orthogonal time and frequency resources very high uplink VoIP capacity can be achieved at moderate to high uplink IoT levels without impacting control channel performance or other higher QoS traffic and with OOB emissions that do not impact adjacent carriers.  In general, the smaller the transmission bandwidth used in a resource allocation (reuse 1) for single QoS traffic common to all cells the higher the IoT level that can be supported conditioned on some maximum allowed number of HARQ retransmissions (delay).
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