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1 Introduction
Rel-13 low complexity UEs support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communication [1]. In the reply LS on retuning time between narrowband regions for MTC, RAN4 has indicated [2]: 
“The maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP).”
Based on the maximum retuning time, agreements were achieved in RAN1 #82bis [3]:
· “For retuning between DL narrowbands, 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

· eNB starts DL transmission using the CFI signaled in SIB1bis (for other transmissions than SIB1bis)

· UE behavior in case the CFI signaled in SIB1bis is smaller than 2 OFDM symbols is up to the UE implementation”
However, on the guard time for retuning between UL narrowbands, options were proposed without agreement [3]:
· “For retuning between UL narrowbands 

· 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.”
In this contribution, we will discuss the guard time for retuning between UL narrowbands for TDD and FDD.
2 TDD
For TDD, there is no large number of contiguous UL subframes. As observed from UL-DL configurations shown in Table 1 [4], the maximum number of contiguous UL subframes is 3 for TDD.
Table 1: Uplink-downlink configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


For Rel-13 low complexity UEs operating coverage enhancement (CE) with frequency hopping applied to a UL physical channel, it was agreed the location of the PRB(s) is the same during YCH=X consecutive subframes, i.e. no UL retuning  during YCH=X consecutive subframes. For the efficiency of resource usage and the low UE complexity, Rel-13 low complexity UEs operating or not operating CE do not need to frequently retune the working narrowband. 
Considering the non frequent retuning property, Rel-13 low complexity UEs should not retune within the duration of contiguous UL subframes for TDD. Thus, using the symbols of UL subframes or a whole UL subframe as the guard time for UL narrowband retuning can be avoided. Retuning between UL narrowbands only occurs at half frame or frame boundaries. Rel-13 low complexity UEs can also transmit in the same UL narrowband in the adjacent half frames or frames. As there is DL to UL retuning every half frame or frame for TDD, the narrowband of UL can be the same as the narrowband of previous DL. When DL narrowband is retuned, the latter UL narrowband is also retuned consequently.
Proposal 1: For TDD, retuning between UL narrowbands only occurs at half-frame or frame boundaries.

3 FDD

For FDD, inserting a guard subframe at every UL narrowband retuning occasion is excessive for the maximum 2 symbols required for retuning. Additional delay will be introduced for UL transmission for this option. Although the previous or latter narrowband in the guard subframe can be used for other UE, the guard subframe causes resource fragmentation in the time domain, which may be more complicated for eNB scheduling. Alternatively, a UE can transmit in different UL narrowbands in two adjacent UL subframes and retune within at most 2 symbols at the transition of the two subframes.
Proposal 2: For FDD, a UE can retune its UL narrowband within at most 2 symbols at the transition of two adjacent UL subframes.

When the first UL subframe is used as the last subframe for preamble transmission for PRACH formats 1-3, no additional guard time is needed for retuning. As the guard time which already exists at the end of the last subframe for preamble formats 1-3 is longer than the duration of 2 SC-FDMA symbols, a UE can retune within the existing guard time and transmit in the first symbol of the following subframe. Otherwise, the cases are discussed in the following.
When a UE transmits PUCCH in one or both of the two UL subframes, the design of the location for at most 2 symbols at the transition of the two UL subframes needs to consider the reuse of current OCC to reduce the specification work. The UEs multiplexed in the same PRB would probably transmit PUCCH in the same repetition level as the starting offsets of the PUCCH resource(s) indicated by MTC SIB are repetition level specific and the UEs would probably retune at the same time. For these UEs, reusing the current OCC when retuning has a benefit of maintaining the OCC orthogonality. As the length of the current OCC for the shortened PUCCH is one symbol shorter, there should be at most one symbol at each boundary of a subframe regarded as the guard time for retuning. The behaviour of reusing the OCC of the current shortened PUCCH in the UL subframes is different from the behaviour of puncturing the SC-FDMA symbols in the guard time. As an example for the PUCCH transmitted in the first subframe, the current shortened PUCCH format can be reused. And there needs an inverse form of the current shortened PUCCH format transmitted in the second subframe , for which the short OCC is used in the first slot and the long OCC is used in the second slot for PUCCH format 1/1a. Figure 1 illustrates the example for the current OCC usage for PUCCH format 1/1a transmitted in both of the said two UL subframes.
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Figure 1 PUCCH format 1/1a transmitted in different narrowbands during two adjacent UL subframes

The location of the guard time for retuning in the two UL subframes needs to strive for a same design for PUSCH and PUCCH. When a UE transmits PUSCH in one or both of the two UL subframes, compared with rate matching in order not to transmit PUSCH in the guard time, puncturing the SC-FDMA symbols in the guard time provides the support for symbol level combining. 
Proposal 3: For FDD, when a UE retunes its UL narrowband during two adjacent UL subframes and a preamble with one of formats 1-3 is transmitted in the first subframe, no additional guard time for retuning is necessary; otherwise, at most one symbol at the transition of the two adjacent subframes in each subframe is regarded as the additional guard time for retuning:
· If PUCCH format 1/1a is transmitted in the UL subframe with the additional guard time, reusing the OCC of current shortened PUCCH;

· If PUSCH is transmitted in the UL subframe with the additional guard time, puncturing the SC-FDMA symbols in the additional guard time.
4 Conclusions
This contribution provides consideration on the guard time for retuning between UL narrowbands. We propose that:
Proposal 1: For TDD, retuning between UL narrowbands only occurs at half-frame or frame boundaries.

Proposal 2: For FDD, a UE can retune its UL narrowband within at most 2 symbols at the transition of two adjacent UL subframes.

Proposal 3: For FDD, when a UE retunes its UL narrowband during two adjacent UL subframes and a preamble with one of formats 1-3 is transmitted in the first subframe, no additional guard time for retuning is necessary; otherwise, at most one symbol at the transition of the two adjacent subframes in each subframe is regarded as the additional guard time for retuning:

If PUCCH format 1/1a is transmitted in the UL subframe with the additional guard time, reusing the OCC of current shortened PUCCH;

· If PUSCH is transmitted in the UL subframe with the additional guard time, puncturing the SC-FDMA symbols in the additional guard time.
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