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Introduction
[bookmark: _GoBack]Based on the agreed WI at RAN#72 meeting about “New WI proposal on Further Enhanced MTC” [1], RAN1 is tasked to specify techniques for supporting high data rate transmission for further enhanced machine type communications (FeMTC). One of possible techniques to increase data rate transmission is to enable for FeMTC UEs to inform eNB whether they can retune one or two symbols for narrowband switching.

In this contribution, we discuss the benefits of employing one OFDM/SC-FDMA symbol for narrowband switching and how FeMTC UEs can inform to eNB whether they can retune one or two symbols for narrowband switching in CE mode A for Rel-14, and we provide some proposals at the end.
 
Retuning Symbols for FeMTC
Rel-13 eMTC UEs support narrowband operation of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
In LS from RAN4 (R1-155051), it said that the maximum retuning time between narrowband regions for MTC is two OFDM symbols including CP length (assuming normal CP). It is also noted that some UEs may be able to perform retuning within a single symbol (including normal CP).
The main issue is that there is no way eNB can know whether UE can perform retuning within a single OFDM/SC-FDMA symbol, and in this case, eNB will always assume maximum retuning time of two OFDM symbols. However, using always two symbols for retuning is not efficient and wastes valuable resources for UEs who are able to perform retuning within a single symbol.
Furthermore, in LS to RAN4 (R1-166042 from RAN1 relating to HD-FDD), RAN1 agreed a UE capability signaling of “UL Transmission Gaps for long uplink transmissions” where during the gap period the UE may switch to downlink reception to monitor DL RS and synchronization signals (PSS/SSS) in order to estimate and correct the timing synchronization and frequency offset. The UEs which do not need UL Transmission Gaps for long uplink transmissions are those with advanced hardware (such as expensive XTAL oscillators and PLL circuit).
Therefore, in our understanding these two above issues can be tied together, and the same signalling already agreed for UL Transmission Gaps can be reused to indicate to both “UL Transmission Gaps” and “retuning within a single SC-FDMA symbol”.
The benefits of employing one SC-FDMA symbol for narrowband switching depends on frequency hopping period (i.e. how often UE hops between narrowbands). In case frequency hopping period for PUSCH is in every subfame (i.e. Ych =1), the resource saving for uplink subframe with normal CP length is 8.6% (11/12-10/12) in one RB excluding two symbols for reference signals. This resource saving will be linearly increased depending how many RBs are allocated in a subframe for the UE. 
Furthermore, the decoding performance of PUSCH will be improved at the eNB due to less symbols are punctured for PUSCH.

As a summary, in order to enable more data rate transmission, FeMTC UEs can inform eNB whether they can retune one or two symbols for narrowband switching.
Proposal 1: Consider the possibility of some UEs to perform retuning within a single symbol (including normal CP) in order to enable more high date rate transmission for FeMTC.
 
PUCCH Performance improvement
As was discussed and agreed in the last meeting (RAN1#86), retuning operation for PUCCH applies puncturing scheme for two SC-FDMA symbols as shown on Figure 1 (left). However, if one symbol is used for retuning operation with puncturing in the first subframe, the second subframe will not employ puncturing at all as shown on Figure 1 (right), hence, the performance of PUCCH will be significantly improved due to no orthogonality loss on the second subframe.
[image: ][image: ]
      Figure 1. Two symbol retuning (left) and one symbol retuning (right) operation for PUCCH


Conclusion
In this contribution, we have discussed the benefits of employing one OFDM/SC-FDMA symbol for narrowband switching and how FeMTC UEs can inform to eNB whether they can retune one or two symbols for narrowband switching in CE mode A for Rel-14. We have the following proposal:
Proposal 1: Consider the possibility of some UEs to perform retuning within a single symbol (including normal CP) in order to enable more high date rate transmission for FeMTC.
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