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1. Introduction
“Voice conversation” is the one of the most important features in LTE. From the UE manufacturer’s point of view, we believe that one of the most important features is to preserve the longest possible talk time in LTE. In LTE, voice conversation will be increasingly carried by the VoIP protocol. So, it is important to save power consumption during LTE VoIP operation.

In this contribution, we focus on power saving in VoIP mode. To maximize power saving in VoIP mode, we propose some restrictions in the location of PHICH and CCE.
2. VoIP mode transmission issues/constraints 
In VoIP mode, the UE should receive voice bits as well as ACK/NACK signaling, as shown in Figure 1. It is expected that the reception duration of ACK/NACK signaling is almost half of the total reception duration in the UE. Therefore, it is necessary to increase the efficiency of ACK/NACK reception for achieving a long talk time in LTE, because the ACK/NACK signal carries only one bit per a subframe.
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Figure 1 An example of a Two-way VoIP traffic pattern
Even in VoIP mode, UE needs to decode the PDCCH to check the availability of the following information [1].

· DL grant for retransmission

· UL grant for dynamic scheduled data

· DL grant for dynamic scheduled data

· DL grant D-BCH

This decoding of the PDCCH will result in the UE waking up often to receive the above information. Thus it is also important to receive PDCCH efficiently, in order to achieve a long talk time in LTE.
Figure 2 shows an example of DL data retransmission during VoIP conversation. Figure 2 shows that even in the persistent scheduling case, the UE should check the DL grant, to check the availability of DL retransmission data.

Figure 3 shows a example of UL dynamic scheduled data during VoIP conversation.
RAN2 agreed the following for PDCCH reception during persistent scheduling in RAN2 #59 meeting [2].
· Irrespective of DRX state, the UE shall read the PDCCH to support adaptive HARQ for uplink transmissions; the inactivity timer shall not be started in case of a successful decode of the PDCCH for uplink transmissions. i.e., the uplink adaptive synchronous retransmissions shall not affect DRX state of the UE. 

It is clearly implied that the UE shall read PDCCH even in sleep mode. We believe it is very important to receive PDCCH efficiently from a power-saving perspective, in order to achieve a long talk time in LTE.

Therefore we propose that the location of ACK/NACK signaling needs to be somewhat restricted, as described in section 4.
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Figure 2 An example of DL data retransmission in VoIP conversation
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Figure 3 An example of UL dynamic scheduled data during VoIP conversation

3. Summary of Working Assumptions on PHICH, CCE Mapping in Athens
3.1. Way forward of PHICH
In the RAN1 #50 meeting, the PHICH structure was agreed as below [3].

· mini-CCE = 4 consecutively useful REs in frequency domain

· PHICH uses 3 ‘mini-CCEs’ for both 1 and 3 OFDM symbol duration.

3.2. Way forward of CCE-to-RE mapping
As described in section 2, the UE needs to receive CCEs in the PDCCH, in order to check the resource assignment of retransmission data, even in the persistent scheduling mode. In the RAN1 #50 meeting, the CCE-to-RE mapping was also agreed as below [3].

· Allocate REs for PCFICH and (semi-statically) for PHICH, then perform interleaving of PDCCHs and mapping to the remaining REs.

· PCFICH-to-RE mapping

· PCFICH corresponds to 4 mini-CCEs

· FFS whether to exploit unused/reserved RS symbols for PCFICH in case of single Tx antenna case (Tdoc 3547)

· Mapped in a cell-specific way to REs

4. Location of PHICH
In the current working assumption, it was agreed that ACK/NACK will be transmitted in one or three durations per subframe. The exact RE mapping of ACK/NACK signals is FFS [1].

Considering UE power consumption in the reception period, the UE RF chip, filtering process and FFT process consume a lot of power, thus reducing the number of OFDM symbols which must be received is important to reduce power consumption during reception.

Especially considering improvements in RF and PHY chips, a reduction in the number of OFDM symbols received can contribute to power saving up to 1/3; this means that the number of OFDM symbols which must be received can significantly contribute to a long talk time in LTE. 
Therefore, we propose to restrict the location of PHICH for a certain UE within one OFDM symbol for both the 1 and 3 OFDM symbol duration cases, as shown in Figure 4, .
Figure 4 shows an example where the ACK/NACK for UE A is allocated in the 1st OFDM symbol and the ACK/NACK for UE B is allocated in the 2nd OFDM symbol. As shown in Figure 1, UE A then needs to receive only the first OFDM symbol in order to decode its ACK/NACK. Thus, restricting the location of PHICH for a certain UE within one OFDM symbol results in reducing the number of OFDM symbols which the UE must receive, and thereby reducing the power consumption of UE reception.  
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Figure 4 An example of restriction of the location of PHICH
5. Location of CCE
As mentioned in section 2, during the VoIP mode the UE should check CCEs to determine the availability of the following information [4].

· DL grant for retransmission

· UL grant for dynamic scheduled data

· DL grant for dynamic scheduled data

· DL grant D-BCH

Also, the UE must receive n OFDM symbols to check CCEs, if the CCEs are spread over the first n OFDM symbols.

As described in sections 2 and 3, it is important to minimize the number of OFDM symbols that must be received in order to reduce UE power consumption.
One method to achieve this is to restrict the number of OFDM symbols which may include CCEs for a certain UE (See Figure 5). Implementing this restriction will increase the scheduler complexity slightly, but can reduce power consumption in UE side.
Figure 5 shows an example of the timing of OFDM symbols with the above restriction. In Figure 5, we assume that:
· Each UE will be informed of the OFDM symbol which may include CCEs intended for it.

Here in this example, we assume that UE A and UE B were informed that the first OFDM symbol may include CCEs for them, and that UE C was informed that the second OFDM symbol may include CCEs for it.
UE A and UE B only receive the first OFDM symbol to check CCE. If there are no CCEs for UE A, UE A goes into sleep mode immediately after receiving the first OFDM symbol. And if there are CCEs for UE B, UE B will continue to receive OFDM symbols.

During downlink talkspurts, according to the above proposed restriction, if there is no CCE for a certain UE, such as UE A, the UE needs to receive only one OFDM symbol which may include the DL grant and then can immediately go into sleep mode.  

Similarly, during the downlink silence period, according to the above restriction, a UE needs to receive only one OFDM symbol and then can immediately go into sleep mode, if there are no CCEs for it. Thus, the UE can save reception power through this kind of operation in both periods.    
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Figure 5 An example of restriction of the location of CCE
6. Conclusions
We propose the following to achieve low power consumption during VoIP conversation.
· Restrict the location of PHICH for a certain UE to a single OFDM symbol (both one and three OFDM duration) (see Figure 4 )

· Permutate CCE only in the frequency domain(see figure 5)

· Implement Fixed/semi-static allocation of CCEs, as a minimum for CCEs related to persistently scheduled UEs. 
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