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1 Introduction

During RAN1 #82bis meeting, some agreements and working assumptions were as followings [1]
Agreement:

· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth

· narrowbands = 2 for system BW of 12-50 RBs

· narrowbands = 4 for system BW of 51-110 RBs

· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 

· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH

· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)
· For M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between:

· a per cell configurable number of narrowbands of 2 or 4

· If/when frequency hopping is applied to a DL/UL physical channel, 

· Location of the PRB(s) is the same during YCH=X consecutive subframes

· YCH  is configured per CE level

· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 

· Configuration of frequency hopping 

· for paging M-PDCCH and MTCSIBx is in a cell-specific manner

· For paging, FFS the corresponding PDSCH

· for RAR/msg3/msg4, is per “coverage level” (including non-CE) in a cell-specific manner

· for unicast is per UE, in a UE-specific manner

Working assumption:

· For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands
In this contribution, considerations on DC and frequency hopping are discussed for Rel-13 low complexity UEs in normal and enhanced coverage. Note that M-PDCCH and EPDCCH have the same meaning in this contribution.
2 DC related issue
Direct conversion receiver has the merits of low cost, low power consumption and small size. When a bandwidth reduced UE with direct conversion receiver operates in the non-central narrowband, some DC subcarriers should be reserved in order to avoid DC offset errors. In addition, the reply LS from RAN4 have the following conclusion [3]: “RAN4 will assume that one subcarrier is punctured in the demodulation test.”
For the defined downlink narrowband, DC should be in the center of narrowband and cannot collide with current CRS. Potential DC locations are demonstrated in Figure 1.Considering MTC UEs would not receive PDCCH, DC only locates in PDSCH region in time domain.
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Figure 1 potential DC locations
Proposal 1: DC of downlink narrowband is located in the center of narrowband and located in the subcarrier not including CRS. 
· In time domain, DC only locates in the PDSCH area.

3 Frequency hopping patterns
3.1 Downlink
Except for PSS/SSS and PBCH, frequency hopping of other downlink channels can reduce the repetition times.
3.1.1 MTC SIB1
· Narrowband selection

During last meeting, it was agreed that “MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth, and the mentioned narrowbands are determined based on cell ID and system bandwidth”. The method similar to resource mapping for PCFICH can be used for selection of the hopping narrowbands of MTC-SIB1. That is, the indexes of hopping narrowbands for MTC-SIB1 
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, 1≤n≤N-1;
where M is the total number of the narrowbands in system bandwidth, and the values are given in Table 1. For example, the number of narrowbands is 16 for system bandwidth of 20MHz as shown in Table 1. Assuming 
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=0 and the number of hopping narrowbands is 4, then the indexes of hopping narrowbands are 0, 4, 8 and 12. By this method, hopping narrowbands are evenly distributed in system bandwidth, and the hopping gain is stable.
Table 1 Number of narrowbands

	Bandwidth: MHz/PRB
	M (Number of narrowbands)

	3/15
	2

	5/25
	4

	10/50
	8

	15/75
	12

	20/100
	16


· Hopping sequence
It is agreed that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN). The hopping sequence can be generated by a pseudo-random sequence which is initiated by the cell ID. 
In order for obtaining the gain from multiple subframe channel estimation, the narrowbands for MTC-SIB1transmission in consecutive subframes should be same, and hopping between consecutive subframes should be avoided. For this purpose, if hopping granularity is Y consecutive subframes, the first subframe of Y consecutive subframes should not be subframe #5 or subframe #0. For instance in FDD, MTC-SIB1 is transmitted in same narrowband for subframe#4 and #5 in one radio frame, or for subrame#9 in one radio frame and subframe#0 of the next radio frame. 
In addition, MTC-SIB1 would not be transmitted in the subframes in which MTC SIB1 may collide with PBCH.
Proposal 2: Narrowbands for MTC-SIB1 frequency hopping are evenly distributed in system bandwidth.
· The narrowbands for MTC-SIB1transmission in consecutive subframes should be same.
· MTC-SIB1 would not be transmitted in the subframes where MTC SIB1 may collide with PBCH.
3.1.2 Other downlink signals except MTC-SIB1
It is agreed that YCH is configured per CE level. For each channel, YCH can be separately configured. If M-PDCCH is multiplexed with PDSCH in same narrowband, same value of YCH should be configured to avoid collision.
It is agreed that for M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between a per cell configurable number of narrowbands of 2 or 4. The number of hopping narrowbands for M-PDCCH and PDSCH should be same for simplicity.

Proposal 3: YCH is separately configured per channel for downlink.
· The numbers of hopping narrowbands for M-PDCCH and PDSCH are same.
Two options can be considered for acquiring the hopping narrowbands of M-PDCCH/PDSCH.
Option 1: Hopping narrowbands are predefined. The hopping gain among the hopping narrowbands should be as large as possible and different UEs should have similar hopping gains. For this purpose, hopping narrowbands can be predefined like that of MTC SIB1. Assume 
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where N= 2 or 4. For M-PDCCH, 
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 is configured by SIB or RRC signaling. For PUSCH/PDSCH, 
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can be acquired from RA field in DCI. 
Since some hopping narrowbands may not be hopped during the repetition subframes, the randomized hopping pattern may not be appropriate for M-PDCCH/PDSCH. Fixed hopping patterns can be considered for M-PDCCH/PDSCH.
When the number of hopping narrowbands is 2, the narrowband index of M-PDCCH/PDSCH can be determined by 
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Where 
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 are radio frame index and subframe index, respectively.

When the number of hopping narrowbands is 4, the narrowband index of M-PDCCH/PDSCH can be determined by
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Figure 2
 shows a hopping pattern for M-PDCCH/PDSCH, where the system bandwidth is 20MHz and YCH is 4 subframes. 
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Figure 2 hopping pattern for M-PDCCH/PDSCH
Option 2: eNB configures multiple hopping narrowband sets, each of which includes 2 or 4 narrowbands. UE acquires the hopping narrowband set according to the narrowband signaled by eNB. For example, assuming the hopping narrowband set {0, 1, 4, 5} is configured in MTC SIB, then if the narrowband of M-PDCCH/PDSCH signaled by eNB is within the set of {0, 1, 4, 5}, M-PDCCH/PDSCH will perform hopping among the four narrowbands according to predefined hopping pattern.
In this case, the design of hopping pattern should be based on the virtual narrowband index, which is numbered 0, 1 or 0, 1, 2, 3 for the narrowbands in each hopping narrowband set.
When the number of hopping narrowbands is 2, the virtual narrowband index of M-PDCCH/PDSCH can be determined by
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Where 
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 is the corresponding virtual narrowband index of narrowband configured by eNB. 

When the number of hopping narrowbands is 4, the virtual narrowband index of M-PDCCH/PDSCH can be determined by
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Compared with option 1, option 2 needs additional signaling overhead, but can flexibly configure the hopping narrowbands and reduce the impact on legacy UEs. 
In addition, M-PDCCH/PDSCH would not be transmitted in the subframes where M-PDCCH/PDSCH may collide with PBCH/MTC SIB1.

Proposal 4: Predefined or configured hopping narrowbands can be considered for M-PDCCH/PDSCH. 
· M-PDCCH/PDSCH would not be transmitted in the subframes where M-PDCCH/PDSCH may collide with PBCH/MTC SIB1
3.2 Uplink

Working assumption in last meeting “ for PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands” should be confirmed.

YCH should be configured per channel for uplink. 
Proposal 5: Confirm the Working assumption: for PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands.
Proposal 6: YCH is separately configured per channel for uplink. 
4 Conclusions
In this contribution, further considerations on DC and hopping are discussed for Rel-13 low complexity UEs in normal and enhanced coverage. We make the following proposals:
Proposal 1: DC of downlink narrowband is located in the center of narrowband and located in the subcarrier not including CRS. 

· In time domain, DC only locates in the PDSCH area.
Proposal 2: Narrowbands for MTC-SIB1 frequency hopping are evenly distributed in system bandwidth.
· The narrowbands for MTC-SIB1transmission in consecutive subframes should be same.

· MTC-SIB1 would not be transmitted in the subframes where MTC SIB1 may collide with PBCH.
Proposal 3: YCH is separately configured per channel for downlink.
· The numbers of hopping narrowbands for M-PDCCH and PDSCH are same.

Proposal 4: Predefined or configured hopping narrowbands can be considered for M-PDCCH/PDSCH. 
· M-PDCCH/PDSCH would not be transmitted in the subframes where M-PDCCH/PDSCH may collide with PBCH/MTC SIB1
Proposal 5: Confirm the Working assumption: for PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands.
Proposal 6: YCH is separately configured per channel for uplink. 
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