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1. Introduction
One option for link adaptation of VoIP transmissions in E-UTRA UL is to rely on the associated PUCCH transmission. However, the frequency separation between the RB used for VoIP packet transmission and the RB used for PUCCH transmission can be several RBs and, for the larger operating bandwidths (BWs) in fully loaded systems, it can even easily exceed 10 RBs. As in frequency selective channels de-correlation begins to appear even within 1 RB and it becomes substantial for separation of 2 or more RBs, the PUCCH cannot be used for UL VoIP link adaptation.  
Transmission of sounding RS (SRS) from VoIP UEs is also challenging to provide the desired functionality for link adaptation. As UL VoIP transmissions occur at opposite sides of the operating BW in each slot, the SRS needs to either be transmitted over the entire operating BW or be transmitted twice, once for each of the two sides of the operating BW. The first option substantially decreases SRS multiplexing capacity and offers poor SINR estimation as the SRS power is spread over the entire operating BW. The second option still increases SRS overhead while dispersing the SRS transmission power over a BW larger than necessary (1 RB). 

To address the previous two critical shortcomings, this contribution proposes the following:

a) Link adaptation of UL VoIP transmissions is based on a demodulation (DM) RS a VoIP UE transmits in the RB of its subsequent packet transmission. This early DM RS is multiplexed, using different cyclic shifts, with the DM RS from another VoIP UE having packet transmission.
b) SRS transmission from VoIP UEs may be avoided as the DM RS can provide the SRS functionalities (link adaptation, timing estimation) without incurring any additional overhead. 

2. Link Adaptation for VoIP UEs
VoIP UEs represent a significant application for E-UTRA and, unlike data packets, VoIP packets occupy a predetermined BW of 1 RB or possibly 2 RBs. Additionally, the part of the operating BW allocated to VoIP packets is likely to be predetermined. For BW fragmentation reasons due to the single carrier property and for the frequency diversity typically desired for VoIP transmission, the BW allocated to VoIP UEs is likely to be towards the two edges of the operating BW. Also, unlike data packets, VoIP packets are transmitted at predetermined time instances such as once every 20 msec. 

Given that a large number of VoIP UEs, such as 200-300 at 5 MHz or 400-600 at 10 MHz, are expected in a fully loaded system [1], the SRS overhead is an important consideration. For example, if 600 VoIP UEs at 10 MHz are equally divided over 20 msec, 15 VoIP UEs will be transmitting in every sub-frame, for 50% voice activity factor and without accounting for re-transmissions. Even if SRS transmission was in every sub-frame (8.33% overhead), and without considering SRS from data UEs, SRS from 15 VoIP UEs cannot be accommodated over the operating BW and having a VoIP UE transmit SRS where it does not transmit its packet is of almost no use. Splitting the SRS transmission in sub-BWs does not significantly improve multiplexing capacity as 2 SRS need to be transmitted to capture the 2 BW edges.
One underutilized resource in E-UTRA UL is the cyclic shifts used to multiplex the DM RS in case of data transmission. Especially for the case of VoIP UEs, where spatial domain multiplexing is unlikely, only 1 out of a maximum of 12 cyclic shifts is used (note that 12 cyclic shifts can be used for the PUSCH even in frequency selective channels because of the relatively large target BLER in the range of 10%). It is therefore possible for a VoIP UE (or even high speed data UEs), to transmit a DM RS multiplexed with the DM RS of another VoIP UE having packet transmission at the same or neighboring RB during an earlier sub-frame. This is illustrated in Figure 1 where the DM RS from a VoIP UE having a packet transmission during the sub-frame and the DM RS from a VoIP UE having a packet transmission in a subsequent sub-frame are multiplexed in the same RB in both slots using different cyclic shifts of the same CAZAC-based sequence. 
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Figure 1: Multiplexing DM RS from VoIP UE1 with Packet Transmission and DM RS from VoIP UE2.
The eNB can therefore configure a VoIP UE to transmit an early DM RS at a sub-frame close enough to the one of its VoIP packet transmission. This sub-frame can be selected so that the eNB has enough time to process the early DM RS, determine the link adaptation required, and send either a TPC command or an UL grant with MCS re-configuration to the VoIP UE prior to its packet transmission. Figure 2 shows this process. The sub-frame where the VoIP UE transmits its early DM RS can be two sub-frames before its packet transmission or for small cells with short propagation delay, it can be the previous sub-frame, depending on the offset between DL and UL transmissions and on the time it takes for the eNB to process the early DM RS and generate/transmit the TPC command. 
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Figure 2: Series of Events for VoIP Packet Link Adaptation.
If the eNB could always evenly split the VoIP UEs in sub-frames over the VoIP packet transmission period (e.g. 20 msec), the early DM RS transmission sub-frame and cyclic shift could be predetermined and not have to be signaled. However, in general, due to the variable number of VoIP UEs or due to retransmissions, an exact even split is not possible. Then, more than one VoIP UEs may have to transmit early DM RS in an adjacent RB instead of their VoIP packet transmission RB. However, with proper distribution of VoIP UEs in sub-frames, this number of VoIP UEs should not be larger than two. Regardless of this number, as for SRS transmission, the eNB can signal the transmission sub-frame and cyclic shift of the early DM RS to a VoIP UE (e.g. through higher layer signaling at initial setup or during a re-configuration). 
The above are illustrated in Figure 3 and Figure 4. RB1 up to RB N are occupied by VoIP UEs for all sub-frames over a 20 msec period and a VoIP UE can transmit its early DM RS one or two sub-frames before its packet. Only two UEs, having different cyclic shifts, transmit DM RS in any of the previous RBs during any sub-frame, one DM RS serves for data demodulation, the other serves for link adaptation. However, the number of VoIP UEs cannot fill RB N+1 in all sub-frames. Although it is in the eNB’s discretion in which sub-frames to schedule VoIP transmission in RB N+1, the two Figures show the two extreme cases. 
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Figure 3: VoIP Sub-frame and RB Allocation. For RB N+1, only sub-frames 1, 7, and 14 carry VoIP.
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Figure 4: VoIP Sub-frame and RB Allocation. For RB N+1, only sub-frames 1, 2, and 3 carry VoIP.
In Figure 3, the mutual sub-frame distance in RB N+1 is maximized, while in Figure 4 the sub-frames are consecutive (although after sub-frame 3, VoIP transmission re-occurs after 17 sub-frames in RB N+1). For the example of Figure 3, or in general when the distance between VoIP sub-frames is deemed to be too long for the channel to remain highly correlated, the VoIP UE may transmit its early DM RS during a closer earlier sub-frame in neighboring VoIP RB (RB N); signaling of this information can be explicit or implicit though the allocated cyclic shift. Then, this RB has to accommodate 2 early DM RS (instead of 1) and the DM RS of the VoIP packet demodulation for a total use of 3 cyclic shifts.

In Figure 4, the eNB places the VoIP sub-frames adjacent to each other, with the obvious exception of sub-frames 1 and 3 for RB N+1. Assuming that the eNB can process the early DM RS and transmit the TPC commands before the next UL sub-frame, only the VoIP UE in sub-frame 1 needs to transmit its early DM RS in RB N (at the 20th sub-frame). If the eNB cannot process the early DM RS and transmit the TPC commands before the next UL sub-frame, alternate sub-frames can be used when VoIP transmission occurs in RB N+1 (that is, these sub-frames can be 1, 3, and 5).
Other configurations are also possible for the allocation of VoIP UEs in RBs and sub-frames. For example, the eNB may choose not to allocate an RB during all sub-frames to VoIP traffic and instead ensure that for any RB used by VoIP UEs, the respective sub-frames are not separated by more than 2-4 msec, depending on the processing latency, so that the early DM RS information remains relevant at the time of transmission. Then, the DM RS from only 2 UEs are multiplexed with different cyclic shifts in any VoIP RB. In any case, although not needed for the overall system design, the number of used cyclic shifts does not have to exceed 3.   

Multiplexing the early DM RS from one or two VoIP UEs together with the DM RS from a VoIP UE having a packet transmission allows for optimal link adaptation. This is because for the early DM RS, the transmission timing can be the shortest possible prior to the VoIP packet transmission and the power is concentrated in the VoIP packet RB (or its adjacent one) in both slots providing the best SINR estimation. For the low UE speeds where E-UTRA is to be optimized, this early DM RS can also serve as actual DM RS effectively doubling the DM RS power, improving the channel estimation, and providing BLER gains exceeding 1 dB particularly at low operating SINRs.

3. Conclusions
This contribution considered the link adaptation for VoIP UEs. Based on the attributes of VoIP packet transmission, and to the inapplicability of using the PUCCH, it is suggested that each VoIP UE transmits an early DM RS which is multiplexed through the use of different cyclic shifts with the DM RS from another VoIP UE having a packet transmission at an earlier sub-frame at the same or a neighboring (adjacent) RB. This has the following advantages:
a) Optimum link adaptation as the power from the early DM RS is concentrated in the VoIP packet transmission RB (or an adjacent one), in both slots, maximizing SINR estimation accuracy.

b) Use of the early DM RS to complement the usual DM RS for channel estimation at low UE speeds for potentially substantial BLER performance gains.  

c) No additional overhead for SRS transmission from VoIP UEs which can be significant.
The transmission of an early DM RS from VoIP UEs for link adaptation is therefore recommended.    
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