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1. Introduction

It is assumed that link adaptation should be supported for VoIP in LTE. However, the overhead to support the fast link adaptation for VoIP should be minimized. In this paper, we analyze this issue and propose a low overhead link adaptation method for LTE VoIP.
2. Considerations on Link Adaptation for VoIP
The fast link adaptation requires instantaneous channel state feedback to the transmitter in order to choose the optimal modulation and coding scheme, and this overhead could be high (e.g, in HSDPA operation, it could be as high as 5 information bits/2ms/user for full fast link adaptation). In LTE, the number of VoIP users could be very large [1]. It has been shown that around 300 voice users can be supported in 5Mhz, 12.2K AMR and 5% outage [2]. If each VoIP user requires quick link adaptation feedback, the overhead could be significant, especially on the uplink. This may both reduce the system capacity as well as increase the link interference. 
It is also shown that the for low constant rate services like VoIP [3], most of the AMC gain comes from HARQ rather than fast link adaptation, and this is partially due to the variations of voice payload size not being very large compared to the background data. The impact of fast link adaptation can be reduced by this low variation of payload size. Indeed, it has been shown that the HARQ process can be mostly compensates for the fast-fading effect. 

However, the utilization of slow link adaptation may be quite useful to limit the number of retransmissions and to increase spectrum efficiency. It is beneficial to incorporate slow modulation and coding scheme (MCS) adaptation to “fit” the UE’s average SNR condition in order to limit the number of retransmissions as well as increase the capacity.  For example, for the users close to the ENB, an aggressive (i.e. higher order modulation with little coding protection) MCS could be used, and for the users far away from the ENB, a conservative MCS could be used. However, this average SNR may be changed from time to time due to the user’s mobility or other effects (or even very slow-rate fading). Hence, the transmitter needs to adjust the modulation and coding based on the feedback from the receiver.    
3. Slow Link Adaptation

After the ENB determines it is a VoIP service (assuming that the ENB has enough information to determine it is a VoIP service), the ENB will configure the UE to apply the following link adaptation alternatives to reduce the associated overhead. Here we use downlink as an example. 
3.1 Direct link adaptation based on low-rate channel feedback
First, the UE measures its own average reception quality or average channel condition over the semi-persistently allocated resource. 
Then several alternatives exist: 

1) The UE may feedback this absolute average quantity to the ENB (5 Bit CQI information) in a very slow rate, e.g, to “fit” for the UE’s average SNR condition. 
2) The UE may feedback relative decision to the ENB. For example, if the UE determines the reception quality improves, it may request a more aggressive MCS (relative to current MCS) using an uplink signaling. Otherwise the UE may request a more conservative MCS. In this case, only 1 bit information is needed.  
The feedback mechanism can be either based on layer 1 CQI signaling or layer 2 signaling

1) Layer 1 CQI feedback. For relative decision feedback, only 1 bit CQI can be utilized to signaling the request, see Figure 1. The current CQI feedback is 5 bits for 1X1 case, so simple repetition can be used to improve the reliability. 

2) MAC layer signaling. This could be an optional MAC header of the MAC PDU transmitted from the UE to the ENB (Figure 2) or MAC control signaling. It is seen that the in-band MAC header is more flexible and provides a simple way for VoIP slow link adaptation. By MAC signaling, the layer 1 CQI can be turned off completely. The MAC signaling may be repeated multiple times to further enhance the reliability (Figure 3). 
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Figure 1. Layer 1 signaling for slow link adaptation.
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Figure 2. In band MAC layer signaling for slow link adaptation.
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Figure 3. Quick repeat of MAC layer signaling.
3.2 Indirect link adaptation based on NACK rate   

Since the UE is already feeding back the ACK/NACK information, this could be used to derive the suitable MCS for the user. Here is an example: the network monitors the UE’s NACK rate and, based on the NACK rate, slowly changes to the UE’s assigned MCS.  For example, consider a UE that is initially assigned M=16QAM, C=0.75.  If, after a period of time, the network detects a NACK rate which is larger than the transition threshold, the network switches the UE to conservative modulation and coding requirements (for example, with M=QPSK, C=0.5).  The obvious advantage is that there will be no channel feedback from the UE so both the UE battery consumption and UL interference can be reduced. The disadvantage is that the reaction time to adjust the MCS may be longer than direct feedback. An example is shown in Figure 4. 
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Figure 4. No overhead slow link adaptation based on NACK/ACK

3.3 Optional fast link adaptation associated with NACK feedback    

When UE receives a VoIP packet in error, a NACK will be fed back to the ENB. In general, this may imply that the channel condition is poor. To deal with this, more link improvements may be required for the successful transmission. Hence, an optional enhancement could be that whenever a NACK is transmitted, CQI is transmitted as well in order to give the transmitter more information for the link performance enhancement. For example, in the uplink, NACK+CQI is transmitted in the CDM manner.  
4. Conclusion
We propose to consider the above link adaptation mechanisms as well as optional enhancements for the LTE VoIP in order to reduce the associated signaling overhead. 
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