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1. Introduction

It is assumed that the link adaptation should be supported for VoIP in LTE. However, the overhead to support the quick link adaptation for VoIP could be significant (even subset of the full MCS set). 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 quick 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). Since in the LTE, the number of supported VoIP user 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 very high. This may both reduce the system capacity as well as increasing the link interference. Note that this is true for both uplink and the downlink.

It is also shown that the for low rate service like VoIP [3], most of the 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 (compare to the background data). The impact of the fast link adaptation can be reduced by this low variation of payload size. Indeed, the HARQ process can be mostly relied upon to compensate for the fast fading effect. 

However, the slow link adaptation is still quite useful to limit the number of retransmission times and also for spectrum efficiency. It is quite beneficial to incorporate slow modulation and coding scheme (MCS) adaptation to “fit” for the UE’s average SNR condition in order to limit the number of retransmissions as well as 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. Low Overhead Link Adaptation

Here we use downlink as an example. 

3.1 Slow UE Link Adaptation Feedback
In the UE assisted adaptive MCS method, the UE measures its own average reception quality. Then one possible way is that the UE may feedback this absolute average reception quality in a slow manner to the ENB.  Another possible way is to apply the differentiated concept. If the UE determines the reception quality is very good, it may request to move to a more aggressive MCS (relative to current MCS) using an uplink signaling. If the UE determines the reception quality is poor, it requests to move to a more conservative MCS (relative to the current MCS). An example could be to use the Layer 1 signaling with 1 or 2 bit information to show the MCS change. The interval for this could be in very slow rate, and this can much reduce the uplink overhead by the quick CQI transmission (Figure 1). Another way is to use in-band MAC layer signaling (could be an optional field in the header) via the MAC header of the voice packet transmitted from the UE to the ENB (Figure 2). It is seen that the in-band MAC header method could be more flexible and provides quicker way for link adaptation. The simple multiple repeat method can be used to further enhance the reliability of the MAC layer signaling (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 No UE Link Adaptation Feedback  

Since the UE is already feeding back the ACK/NACK information, this could be used to derive the suitable MCS for the user. The procedure is as follows: 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 who 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).  In network assisted adaptive MCS, there will be no feedback from the UE so the UE’s battery life can be saved. However, the NACK-based algorithm should be carefully designed. This could be implementation details. We should note that the NACK-based method can be easily extended to the ACK-based method. An example is shown in Figure 4. 
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Figure 4. No overhead slow link adaptation based on NACK/ACK

4. Conclusion
We propose to consider the above low overhead link adaptation for the LTE VoIP. 
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