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1. Introduction

At the RAN1#82bis meeting, details regarding frequency hopping for different types of channels were agreed upon. The agreements on frequency hopping are provided below.
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)

Agreement:

· 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

According to the above agreements, higher layer signaling such as number of narrow-bands (NBs) for the M-PDCCH/PDSCH frequency hopping, frequency hopping interval (YCH) and frequency hopping activation/deactivation are to be specified. As those parameters on frequency hopping can be configured by higher layer signaling, the remaining issue is how to design frequency hopping pattern. In this contribution, we describe our views on frequency hopping patterns for the DL transmissions.
2. Frequency Hopping Patterns
Even though frequency hopping interval can be configured per UE, cell-level, or CE-level for different channels, the same design for all the channels is desired in order to simplify the system design for the LC-MTC. Frequency hopping patterns for two and four NBs are considered below. 

(1) MTC-SIB1

For MTC-SIB1, it was agreed to derive the NBs based on Cell ID and the system BW. The first option for the NB locations is to allocate the NBs at the edges of the system BW. Another option is to define the offset value among two or four NBs depending on system BW. For example, letting the total number of the NBs be 
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, the offset value is set to 
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 when two NBs are used. Which NB is used for the starting subframe of the MTC-SIB1 transmission would be further determined by a Cell ID. Such a NB of the first subframe 
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(= 2 or 4) be the number of NBs for frequency hopping, the frequency-hopped NB location 
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In the above equation, the whole NB locations or a NB location may need to be incremented by one if the resulting hopping NB(s) collides with the central NB where the PSS/SSS/PBCH is occupied.
(2) Paging M-PDCCH and MTC-SIBx
It would be useful if the NB locations for frequency hopping can be configured by MTC-SIB1. However, since the configuration for the paging M-PDCCH and MTC-SIBx is done in a cell specific manner, a similar approach to that for MTC-SIB1 can be considered. In this case, to avoid the resource shortage due to MTC-SIB1 resource, a cell specific offset value,
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In the above equation, the whole NB locations or a NB location may need to be incremented by one if the resulting hopping NB(s) collides with the central NB where the PSS/SSS/PBCH is occupied.

Proposal 1: For frequency hopping for MTC-SIB1/MTC-SIBx/paging M-PDCCH, the frequency offset value determined by system bandwidths are introduced among the NBs. The NB in the starting subframe of MTC-SIB1 is further determined by physical cell ID.

Proposal 2: For frequency hopping for MTC-SIBx/paging M-PDCCH, an additional cell-specific offset indicated by MTC-SIB1 can be considered.

(3) RAR/Messages 3/4

Configuration of frequency hopping for these channels is cell-specific and coverage level-specific. Considering frequency hopping intervals can be different for different coverage levels, it would be better to allow also different NB locations to be used depending on different coverage levels. For this purpose, a coverage-specific offset value 
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The offset value 
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 for RAR/message 3/4 would be configured by MTC-SIBx. Otherwise, the set of NBs for frequency hopping is directly indicated by MTC-SIBx. The whole NB locations or a NB location of 
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.
Proposal 3: For frequency hopping for RAR/Messages 3/4, the offset value determined by system bandwidths are used among the NBs. In addition, a coverage level specific offset value would be indicated by MTC-SIBx. 

(4) M-PDCCH/Unicast PDSCH

The configuration of frequency hopping NBs for the unicast PDSCH is UE-specific and can be done through RRC signaling. Which NB is to be used for the starting subframe of the MTC-SIB1 transmission would be determined by UE ID or indicated by the DCI. 
Regarding the configuration of frequency hopping for M-PDCCH and unicast PDSCH, in our view, this parameter should be separately specified. The reason is that frequency hopping would be required for the M-PDCCH monitoring and for the CSI measurement while frequency hopping is not needed when frequency-selective scheduling can be utilized.

Proposal 4: For frequency hopping for the M-PDCCH and the unicast PDSCH, a set of NBs used for frequency hopping is configured by higher layer signaling. The NB index in the starting subframe of the MPDCCH is derived by UE-ID while it is determined by UE-ID or the DCI indication for the unicast PDSCH.

Proposal 5: Separate the configurations of frequency hopping between the M-PDCCH and unicast M-PDSCH.

Figure 1 shows those NB locations used for frequency hopping for different DL channels.
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Figure 1 – Narrow-band locations for frequency hopping for different DL channels when 16 NBs are available.
3. Conclusion
In this contribution, we described our views on frequency hopping patterns for the downlink transmission. We propose the followings. 
Proposal 1: For frequency hopping for MTC-SIB1/MTC-SIBx/paging M-PDCCH, the frequency offset value determined by system bandwidths are introduced among the NBs. The NB in the starting subframe of MTC-SIB1 is further determined by physical cell ID.

Proposal 2: For frequency hopping for MTC-SIBx/paging M-PDCCH, an additional cell-specific offset indicated by MTC-SIB1 can be considered.

Proposal 3: For frequency hopping for RAR/Messages 3/4, the offset value determined by system bandwidths are used among the NBs. In addition, a coverage level specific offset value would be indicated by MTC-SIBx. The NB index in the starting subframe of RAR/Messages 3/4 is derived by a UE-specific parameter such as the RACH preamble sequence that the UE used.

Proposal 4: For frequency hopping for the M-PDCCH and the unicast PDSCH, a set of NBs used for frequency hopping is configured by higher layer signaling. The NB index in the starting subframe of the MPDCCH is derived by UE-ID while it is determined by UE-ID or the DCI indication for the unicast PDSCH.

Proposal 5: Separate the configurations of frequency hopping between the M-PDCCH and unicast M-PDSCH.

- 1/4 -

[image: image1.wmf]NB

N

_1508406031.unknown

_1508408703.unknown

_1508408840.unknown

_1508408738.unknown

_1508408334.unknown

_1508408496.unknown

_1508406634.unknown

_1508343794.unknown

_1508343988.unknown

_1508068899.unknown

_1508069032.unknown

_1508065061.unknown

