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1 Introduction
Frequency hopping (FH) and retuning of DL/UL transmissions to/from Rel-13 low cost UEs were discussed in RAN1#82bis and the following were agreed (only relevant decisions to this contribution are captured).  

Agreements:
· YCH  is configured per CE level
· For M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between:

· a per cell configurable number of narrow-bands of 2 or 4
· For retuning between DL narrow-bands, and from UL to DL (for TDD) :

· RAN1 assumes that UE uses at most the first 2 OFDM symbols in legacy control region as retuning time
Working assumption:

· For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrow-bands

Proposal:
· For retuning between UL narrow-bands

· Option 1: RAN1 assumes that UE punctures at most the last SC-FDMA symbol of an UL subframe and at most the first SC-FDMA symbol of the following UL subframe as retuning time
· Option 2: A guard subframe is inserted at every retuning occasion
· Strive to avoid different options for PUSCH and PUCCH.
This contribution considers remaining FH and retuning aspects for DL/UL unicast channels.
2 Frequency Hopping
For PUSCH/PUCCH, it is first proposed to confirm the WA. Although PUCCH can benefit from transmission in 4 narrow-bands (NBs), this would not be consistent with legacy operation and, even for the largest CE (where only HARQ-ACK/SR is transmitted - P-CSI is not transmitted), the number of required repetitions is relatively small and any benefit from transmission in 4 NBs will be offset by the worse channel estimation. For the PUSCH, as typical target BLERs are in the order of 10% or larger, 2 NBs suffice. 

Proposal 1: For PUSCH/PUCCH transmission with FH, the FH is over 2 NBs.  

For the PUCCH FH pattern, a similar rule as for legacy operation can apply where the UE can transmit for YCH subframes in one NB before hopping to the other NB (the NB for the first repetition can either be configured, for P-CSI, SR, or SPS HARQ-ACK, or implicitly determined for dynamic HARQ-ACK). For the PUSCH FH pattern, the NB and RB(s) for the first repetition are indicated by DCI (or configured for SPS PUSCH), and the NB and RB(s) after FH can be symmetric relative to the middle of the system BW or relative to the edge of the system BW. For example, for a system BW with a total of 
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. 
For the PDSCH FH pattern, the same FH pattern as for the PUSCH can be used when the number of NBs is 2. When the number of NBs is 4, the NBs can be determined in a similar manner as when the number of NBs is 2. For example, the NBs with index 
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. A simple serial FH pattern (with wrap-around) suffices where, after each FH, the NB with the next higher (or lower) index is used. This is also applicable in case the number of NBs is 2.

Proposal 2: The FH pattern is according to an ascending order (with wrap-around) of the indexes of the NBs.  

3 Retuning 
For retuning between UL NBs, as for retuning between DL NBs, it is preferable to utilize the ability for a UE to retune between NBs over at most 2 subframe symbols. Otherwise, if a guard subframe is inserted at every retuning occasion, required transmission times and associated power consumption can materially increase, e.g. by 12.5% for YCH = 8 or by 25% for YCH = 4, (the UE consumes power even during retuning) and BW utilization and data rates are reduced. Option 1 is preferred. 
For the two retuning symbols, the first should be at the end of the last subframe prior to FH and the second should be at the beginning of the first subframe after FH. Compared to placing both symbols on the same subframe, either the one before or the one after retuning, there are two main advantages and one secondary advantage:

a) Re-use of shortened PUCCH format in the first slot – no impact on UE multiplexing capacity

b) Absorption of phase discontinuity and power transient in the first symbol of the subframe after hoping

c) Balanced impact from lost subframe symbols before and after FH

Proposal 3: UE punctures the last SC-FDMA symbol of an UL subframe and the first SC-FDMA symbol of the following UL subframe as retuning time.
For a HD-FDD UE and for retuning from a DL NB to an UL NB, the misalignment between DL subframes and UL subframes, resulting from the timing advance (TA) command, requires that a guard subframe is provided. Due to timing advance, the UL and DL subframes are not aligned. Therefore, the UE cannot rely on the legacy control region to provide adequate time for retuning and a 1-ms (1 subframe) gap must be provided. For retuning from an UL NB to a DL NB, the TA and the legacy DL control region provide sufficient retuning timing.
Proposal 4: For HD-FDD UE, DL-to-UL retuning gap is one subframe while UL-to-DL retuning gap is 2 subframe symbols and can be provided by the legacy DL control region. 

4 Conclusions

This contribution considered remaining aspects on FH and retuning for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: For PUSCH/PUCCH transmission with FH, the FH is over 2 NBs.  

Proposal 2: The FH pattern is according to an ascending order (with wrap-around) of the indexes of the NBs.  

Proposal 3: UE punctures the last SC-FDMA symbol of an UL subframe and the first SC-FDMA symbol of the following UL subframe as retuning time.
Proposal 4: For HD-FDD UE, DL-to-UL retuning gap is one subframe while UL-to-DL retuning gap is 2 subframe symbols and can be provided by the legacy DL control region. 
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