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1 Introduction

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

· All narrowbands are of a size of 6 PRBs

· Total number of DL narrowbands in the system bandwidth is fixed at 
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· Total number of UL narrowbands in the system bandwidth is fixed at 
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· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW

· The narrowbands are numbered in order of increasing PRB number
· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

· YCH (frequency hopping granularity) is either predetermined or semi-statically configured (i.e., not dynamically indicated)

· FFS whether a single YCH value or multiple values are supported (e.g., for different coverage levels, for different channels, etc.)

· A cell-specific value of YCH is applicable at least for paging and RAR transmissions at least for the case when the repetition number is greater than the cell-specific value YCH
· FFS on paging and RAR with the repetition number is equal or smaller than YCH 
· FFS on other transmissions

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 5.Considering MTC UEs would not receive PDCCH, DC only locates in PDSCH region in time domain.
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Figure 5
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
The following issues are related to the hopping pattern of MTC-SIB1.

· The number of hopping narrowbands forMTC-SIB1
Compared with 2 hopping narrowbands, more hopping sequence can be used to avoid collision among neighbor cells if 4 hopping narrowbands is configured. For Option B, the number of hopping narrowbands can be implicitly indicated by the system bandwidth field in MIB. For example, MTC-SIB1 frequency hopping takes place between 2  narrowbands is assumed for 5MHz system bandwidth while between 4 narrowbands is assumed for lager system bandwidth.

· Narrowbands selection
In order to reduce the collision probability among neighboring cells, the hopping narrowbands for MTC-SIB1 should be determined based on cell ID and system bandwidth. Total narrowbands in the system bandwidth can be divided into multiple hopping narrowband sets. The eNB would determine its own hopping narrowband set for MTC-SIB1 according to the cell ID. Two division options are considered. 
Option 1: To obtain more hopping gain, sufficient frequency spacing should be kept among the hopping narrowbands. Taking 20MHz for example, 16 narrowbands are divided into four hopping narrowband sets as shown in table 1. 
Table 1 hopping narrowband sets

	The index of hopping narrowbands sets
	The index of narrowbands

	0
	0, 4, 8, 12

	1
	1, 5, 9, 13

	2
	2, 6, 10, 14

	3
	3, 7, 11, 15


Option 2: The hopping narrowband set is composed of any 4 narrowbands. The eNB selects a hopping narrowband set according to the cell ID.
For option 2, the number of hopping narrowband set is more than option 1, and it is advantageous for reducing collision. However, the hopping gain of option 2 would be worse than that of option 1 in some cases. 
· Hopping granularity in time domain
Hopping granularity of MTC SIB1 is a predefined value. For example, hopping granularity can be a radio frame. 
· Hopping sequence
In order to acquire random hopping sequence according to the selected narrowbands, the hopping sequence can be generated by a pseudo-random sequence which is initiated by the cell ID.

With purpose of obtaining the gain from multiple subframe channel estimation, the narrowbands corresponding to consecutive subframes should be same, and hopping between consecutive subframes should be avoided. 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.
Proposal 2: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands which is implicitly indicated by the system bandwidth which is included in MIB.
· Sufficient frequency spacing should be kept among the narrowbands for MTC-SIB1 frequency hopping.
· The narrowbands corresponding to consecutive subframes should be same for MTC-SIB1.
3.1.2 Other downlink signals except MTC-SIB1
Except for MTC-SIB1, it is unnecessary to use different hopping pattern for M-PDCCH and PDSCH, including common messages and unicast. 
· Hopping granularity in time domain

Considering that UEs with different repetition levels may be multiplexed, a common value of hopping granularity may be preferable. The common value can be fixed in the specification, i.e. Y=4, or configured in MTC SIB.
For TDD, in order to avoid unnecessary retuning, the hopping granularity should depend on the Uplink-downlink configuration. For example, the downlink hopping granularity can be equal to the number of consecutive downlink subframes, and the uplink hopping granularity can be equal to the number of consecutive uplink subframes.
· Narrowbands available for hopping
Narrowbands available for hopping can be predefined as all the narrowbands of the system bandwidth, or can be configured by eNB. Considering the traffic of MTC and the influence of MTC on legacy UEs, the latter is better. The hopping narrowbands can be indicated in MTC SIB.

· Hopping pattern in frequency domain

Hopping pattern in frequency domain can be one of the following: mirroring pattern, or hopping pattern with a fixed narrowband offset, or legacy PUSCH Type 2-like hopping pattern. Considering that randomized hopping sequence can reduce collision among neighboring cells, legacy PUSCH Type 2-like hopping pattern is preferable.
Proposal 3: Except for MTC SIB1, common frequency pattern is used for M-PDCCH and PDSCH.
· Hopping granularity is common for different repetition levels. For TDD, the hopping granularity should depend on the Uplink-downlink configuration.
· Narrowbands available for hopping are configured by eNB.

· Legacy PUSCH Type 2-like hopping pattern is supported.
3.2 Uplink

In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.  If common hopping pattern is used for PRACH and PUSCH, both channels cannot transmit correctly once collision of two channels occurs. Alternatively, if different hopping pattern is applied for PRACH and PUSCH, collision of two channels may only occur in some subframes and smaller impact is expected.

The hopping pattern of PUSCH is similar to that of other downlink signals except MTC-SIB1 discussed in 3.1.2. For PRACH and PUCCH, the details of hopping pattern are given in [4] and [5] respectively.
Proposal 4: In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively. 
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: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands which is implicitly indicated by the system bandwidth which is included in MIB.
· Sufficient frequency spacing should be kept among the narrowbands for MTC-SIB1 frequency hopping.
Proposal 3: Except for MTC SIB1, common frequency pattern is used for M-PDCCH and PDSCH.

· Hopping granularity is common for different repetition levels. For TDD, the hopping granularity should depend on the Uplink-downlink configuration.
· Narrowbands available for hopping are configured by eNB.

· Legacy PUSCH Type 2-like hopping pattern is supported.
Proposal 4: In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.
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