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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
PUCCH transmission for Rel-13 low complexity UEs and UEs operating in enhanced coverage was discussed in RAN1 #80bis and achieved the following agreements [1]:
· For Rel-13 low complexity MTC UEs,
· For PUCCH structure, 
· FFS: Slot-based frequency hopping within a narrow band
· FFS: How to derive PUCCH resource
· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell
· FFS on the details
· For UEs operating in enhanced coverage, 
· Repetition of PUCCH across multiple subframes is supported
· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern
· FFS on configurability of frequency hopping
In this contribution, the FFS issues related to frequency hopping of PUCCH are discussed, for the design of PUCCH structure for Rel-13 low complexity UEs and coverage enhancement (CE).
Frequency hopping of PUCCH for Rel-13 low complexity UEs
Rel-13 low complexity UEs can’t support the legacy slot-based frequency hopping in system bandwidth larger than 1.4MHz when they have a reduced RF bandwidth as well as BB bandwidth and need the time for re-tuning. The slot-based frequency hopping could be designed within a narrow band and it is FFS whether Rel-13 low complexity UEs will support it or not.
Slot-based frequency hopping within a narrow band
In a narrow band within the reduced bandwidth of 1.4MHz, Rel-13 low complexity UEs could transmit slot hopping PUCCH at two edges of the narrow band, as shown in Figure 1.


[bookmark: _Ref409184016]Figure 1 Slot-based frequency hopping within a narrow band
To support slot-based frequency hopping within a narrow band may have limited specification impact since the PUCCH would still be at the edge of the band from the UE viewpoint. However, the narrow band frequency hopping will not get attractive frequency diversity gain and disable the channel estimation combination of the two slots. 
Using the same PRB in both slots of a subframe or frequency hopping outside one narrow band
When slot-based frequency hopping within a narrow band is not supported, there are two alternative options depicted in Figure 2:
· Option 1: PUCCH occupies the same PRB in two slots of a subframe (No frequency hopping when repetition is not needed)
· Option 2: Frequency hopping outside one narrow band with additional guard time for retuning


[bookmark: _Ref409104165]Figure 2 Not support slot-based frequency hopping within a narrow band
Option 1 also has limited specification impact. Although no frequency diversity gain could be obtained from option 1, the performance would not be worse than the structure with slot-based frequency hopping within a narrow band. That is because the channel estimation in the two slots could be combined to improve the estimation accuracy. If the narrow band for PUCCH is located at the edge of system bandwidth, option 1 has the benefit of reducing UL resource segmentation compared with hopping within a narrow band. 
In option 2, the guard time (to a UE) is allowed for narrow RF bandwidth UEs to hop from one edge of system bandwidth to another when transmitting a PUCCH. The PUCCH transmission in two slots with one slot guard time for retuning is illustrated in Figure 2. Of course, the guard time can be more than one slot if necessary. For example, the similar scheme is using a whole subframe for the first part of PUCCH, the second part of PUCCH and the guard time respectively.
Option 2 retains the frequency diversity property of legacy PUCCH. The UL resource segmentation could be minimized with the hopping at the edges of the system bandwidth. However, the specification impact would be large for option 2 considering the following additional issues:
· The starting slot for the PUCCH of each Rel-13 low complexity UE needs to be defined. As some UEs start and transmit PUCCH in the first slot of a subframe while other UEs start and transmit PUCCH in the second slot of a subframe, the occupied slot of PUCCH will be UE specifically chosen.
· The change of the occupied subframe number of PUCCH may bring some PUCCH collision issues. For example, according to the time line of PDSCH and ACK/NACK on PUCCH, if one PUCCH corresponding to one PDSCH starts from subframe n and another PUCCH corresponding to another PDSCH starts from subframe n+1, a collision may happen because the PUCCH starting from subframe n will occupy the resources in two subframes.
The pros and cons of supporting slot-based frequency hopping within a narrow band or not are summarized in Table 1.
[bookmark: _Ref418674509]Table 1 Comparison on supporting slot-based frequency hopping within a narrow band or not
	
	Slot-based frequency hopping within a narrow band
	Occupy the same PRB in two slots of a subframe (option 1 in section 2.2, no hopping when repetition is not needed)
	Frequency hopping outside one narrow band with additional guard time (option2 in section 2.2)

	Frequency diversity gain
	Little
	None
	Similar as legacy PUCCH

	Channel estimation combination 
	Unable
	Able
	Unable if PUCCH occupies two slots at different edges of the system bandwidth

	Segmentation for PUSCH resource
	Little
	Minimized
	Minimized

	Specification impact
	Limited
	Limited
	Large



The merits of each PUCCH structure are marked in green in the table. It is observed that supporting slot-based frequency hopping within a narrow band has the least merit, so the proposal is:
Proposal 1: Rel-13 low complexity UEs do not support slot-based frequency hopping within a narrow band.
Frequency hopping of PUCCH in enhanced coverage
Frequency hopping pattern
Cross subframe channel estimation, the retuning time, segmentation on PUSCH resource should be considered in the design of frequency hopping pattern.
In order to allow cross-subframe channel estimation, PUCCH frequency location needs to be the same during at least X subframes in CE. PUCCH frequency location could switch every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y. The switching of PUCCH frequency location should be minimized to reduce the retuning time for Rel-13 low complexity UEs, for example only one hop is adopted during the repetition.
To reduce the segmentation on PUSCH resource, PUCCH frequency location with hopping could be at both sides of the system bandwidth and hop between the frequency resources symmetrical to the center of the system bandwidth. It is similar to the legacy slot based frequency hopping with the hopping gratuity extended. This PUCCH frequency hopping pattern is illustrated in Figure 3 with one subframe for retuning depicted.


[bookmark: _Ref409184462]Figure 3 PUCCH frequency hopping in enhanced coverage
Proposal 2: PUCCH in enhanced coverage should hop the frequency every Y consecutive subframes between the frequency resources symmetrical to the center of the system bandwidth.
Configurability of frequency hopping
Multiple possible repetition levels should be supported for PUCCH CE. The repetition number in each repetition level is set according to the CE target of that repetition level and will be different in different repetition level. If PUCCH frequency hopping could be turned off, the repetition number will increase to reach the same target without frequency diversity gain. This will increase the total repetition number defined because the repetition number needs to be defined with and without frequency diversity gain. As a consequence, the eNB scheduling will be more complicated to maintain more HARQ time line. To have such configuration flexibility seems to have little benefits.
Proposal 3: PUCCH frequency hopping should not be on/off configurable when operating coverage enhancement.
Conclusions
This contribution discusses PUCCH frequency hopping for Rel-13 low complexity UEs and UEs operating in enhanced coverage. We give the following proposals for the related FFS issues:
Proposal 1: Rel-13 low complexity UEs do not support slot-based frequency hopping within a narrow band.
Proposal 2: PUCCH in enhanced coverage should hop the frequency every Y consecutive subframes between the frequency resources symmetrical to the center of the system bandwidth.
Proposal 3: PUCCH frequency hopping should not be on/off configurable when operating coverage enhancement.
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