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1 Introduction

Frequency hopping was discussed since RAN1#80 for Rel-13 low complexity (LC) UEs in enhanced coverage and was agreed to be supported for unicast PDSCH, physical channel(s) carrying UL data, PUCCH, and physical downlink control channel. In addition, frequency hopping can be configured for PRACH and used for common message. The corresponding agreements regarding frequency hopping are highlighted in Annex. However, it is unclear yet how frequency hopping is implemented for different channels, for example, whether PDSCH hops together with the associated downlink control channel, whether common message hops together with unicast, etc. 
This contribution starts from discussing narrowbands used for frequency hopping and then focuses on discussing frequency hopping implementation for common message, DL channels including PDSCH and the downlink control channel (represented by say M-PDCCH), UL channels including PUSCH and PRACH. Frequency hopping for PUCCH is discussed in [1].
2 Narrowbands used for frequency hopping

Narrowband definition for Rel-13 LC-MTC UEs was discussed at previous meetings, and so far it was agreed that a narrowband is defined as a set of contiguous PRBs and narrowbands are non-overlapping but it is FFS how the narrowbands are defined across the system bandwidth. Our proposals for the FFS refer to [2]. No matter how the narrowbands are numbered, the narrowbands used for frequency hopping need to be known. The questions are how to know and how to use the narrowbands for different channels. Note it is important to avoid the frequency hopping collision that different channels may hop to the same narrowband simultaneously assuming the channel takes the entire narrowband as it is agreed for MTC SIB transmission that the number of resource blocks used is fixed to 6 PRBs [3]. Two aspects can be considered to avoid the collision: use different narrowbands for hopping; define specific patterns using the same narrowbands. 
2.1 Narrowbands for common message
It was agreed that at least in coverage enhancement (CE) frequency hopping can be configured for RAR, paging, and MTC SIB(s) but frequency hopping is not used for PSS/SSS and PBCH, so MTC SIB-1 is the first message for UE accessing network which (always) hops in frequency if confirm the working assumption. As discussed in [4], the frequency location of MTC SIB-1 should be determined based on subframe index, cell ID, system bandwidth, by confirming the related working assumption. However, note that confirming the working assumption does not mean all narrowbands across the system bandwidth are used for frequency hopping for MTC SIB-1as actually it is preferable to use only a subset of narrowbands for SIB-1 hopping in order to avoid collision with narrowbands used for unicast as analyzed as below. 
MTC SIB(s) other than SIB-1 can be in the same narrowbands and have the hopping pattern as SIB-1 and have no associated M-PDCCH in the narrowbands per agreements [5]. In addition, it was agreed to setup a working assumption that support Option 1 (M-PDCCH-scheduled PDSCH carrying the message(s) for paging) and support Option 1 or Option 2 (M-PDCCH DCI carrying the message for RAR) [3]. M-PDCCH and PDSCH if supporting Option 1 share the same narrowbands and the hopping pattern. If Paging and RAR cannot share the same narrowbands as SIB(s) due to limited capacity, the narrowbands used for paging and RAR hopping can be indicated in MTC SIB. 
Fig. 1 is an example of frequency hopping for common messages for which narrowbands at edges of carrier and reflected by the carrier center are used for hopping. (a) illustrates that SIB/RAR/Paging and the associated M-PDCCH if any share the same narrowbands (NB0 and NB1) and hop together as shown in the figure. Alternatively, narrowbands for RAR/Paging hopping is indicated in SIBs and could be the same as narrowbands for SIBs but in a frequency hopping granularity time YCH RAR/Paging take a different narrowband from SIBs as illustrated in (b). Note it is not decided yet how to number the narrowbands and the numbering way in Fig. 1 is just an example. 
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Fig. 1: Narrowbands for common messages frequency hopping 
It can be observed from Fig. 1(b) that the frequency hopping patterns for RAR/Paging and SIBs respectively defined as shown in the figure can ensure no collision happens even though using the same narrowbands for hopping. Considering only one narrowband of 6PRBs is capacity limited, separate narrowbands are needed to transmit unicast. In order to avoid the hopping collision between common message and unicast, the narrowbands used for common messages hopping are expected to be separate from that used for unicast, especially for the large system bandwidth. Therefore, the narrowbands used for at least MTC SIB-1 is a subset rather than all of narrowbands defined across the entire system bandwidth. Which narrowbands are used for SIB-1 hopping can be indicated in MIB or written in specification. 
Proposal 1: Narrowbands used for frequency hopping for at least MTC SIB-1 are a subset of defined narrowbands across the system bandwidth. 

· For MTC SIB-1, the narrowbands used is indicated by MIB or written in specification as well as the hopping pattern. 

· For paging, RAR, and other SIBs than SIB-1, the narrowbands used and the hopping pattern is indicated in MTC SIB-1, which can be the same or different from that for SIB-1. 

2.2 Narrowbands for DL unicast

It was discussed and proposed that there may be multiple narrowbands used for unicast which are separate from narrowband(s) used for common messages as otherwise it wastes resources to reduplicate common messages in each of narrowbands on which there may be LC-MTC UEs working on. Avoiding frequency hopping collision for DL unicast narrowbands is as important as for common messages narrowbands. Unlike SIBs taking the entire narrowband of 6PRBs in frequency domain [3], unicast M-PDCCH or PDSCH from different UEs may share the same narrowband, so people may think from UE perspective two channels (e.g., M-PDCCH) from two different UEs can hop to the same narrowband but frequency division multiplexing the 6PRBs. However, it is not easy to ensure there are, e.g., 4PRBs used for M-PDCCH repetition for N times and there are still 4 PRBs available while hopping to another narrowband for the (N+1) repetition. Therefore, it is recommended to design cell-specific frequency hopping patterns from eNB perspective and ensure narrowbands from different patterns will not hop to the same frequency place. If the pattern used for UE unicast is one of cell-specific patterns, scheduler only needs to consider how to schedule or multiplex UEs within a narrowband and no need to worry if collides with other UEs when hopping. As in Fig. 2 narrowbands used for unicast can be NB2 and NB3 and two frequency hopping patterns are shown in the figure for unicast: Pattern 1 represents NB2 is used during time T1; Pattern 2 represents NB3 is used in T1. It is observed from Fig. 1 and Fig. 2 that common messages will not hop to the same narrowband as unicast does and there is no hopping collision between two patterns for unicast either. 
Narrowbands used for unicast need to be notified by eNB via dedicated signalling, unlike narrowbands for common messages which will be received by all or a group of UEs, so that both of eNB and UE know on which narrowband to transmit/receive unicast. In addition, the frequency hopping pattern related information needs to be configured as well. For example, eNB configures a UE by UE dedicated signalling to use one of two patterns shown in Fig. 2 for unicast. 

The frequency hopping pattern configured by eNB can be used for both of DL data and the associated M-PDCCH by default, so that the two channels can always be transmitted in the same narrowband during YCH time. DCI does not need to indicate the narrowband for unicast data transmission. 

If allow for flexibility to balance the traffic among narrowbands for unicast, cross-narrowband scheduling is applied. The frequency hopping pattern configured by eNB applied to M-PDCCH only and the narrowbands (or the frequency hopping pattern) for data is indicated in DCI. 
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Fig. 2: Narrowbands for DL unicast frequency hopping
Proposal 2: All possible frequency hopping patterns for DL are cell specific and broadcast by eNB and one specific pattern is indicated to UE by UE dedicated signalling.

· The specific pattern is applied to PDSCH and the associated M-PDCCH, and the DCI supports same-narrowband scheduling. Or

· The specific pattern is applied to M-PDCCH and DCI indicates the pattern used for PDSCH and can support cross-narrowband scheduling.

Note that in the examples shown in Fig. 1 and Fig. 2 the same cell-specific frequency hopping granularity YCH is used for common messages and unicast for simplicity. However, as discussed in [4] eNB can configure a different granularity value for unicast as well. 

2.3 Narrowbands for UL

When eNB configures one frequency hopping pattern for downlink, the frequency hopping pattern derived from the fixed TX-RX distance can be used for uplink by default and the implied narrowbands used for uplink may not lie at the edges of the carrier. However, it is expected to be similar to downlink unicast, cell-specific uplink frequency hopping patterns as shown in Fig. 2 are broadcast, so that hopping collision can be avoided to the most extent. The UE-specific uplink frequency hopping pattern that is one of cell-specific patterns is configured together with the linked UE-specific downlink hopping pattern by UE dedicated signalling or indicated in DCI when scheduling PUSCH.
PUCCH and PUSCH sharing 6PRBs in total can apply the same frequency hopping pattern. Alternatively, PUCCH can be configured at the edges of the system carrier and the hopping pattern can be different from that for PUSCH, so note that UE may not be able to receive PUCCH and PUSCH simultaneously even though in total not exceeding 6PRBs. Discussion on the frequency hopping for PUCCH proceeding to the achieved agreements refers to [1]. 

PRACH takes 6 PRBs and occupies the entire narrowband if it is defined as the size of 6 PRBs. How resources are multiplexing for different coverage enhancement requirements was discussed and it is clear that the time-frequency resources formatting allowing for frequency hopping will be defined as cell-specific and UE selects an appropriate one for initial access. The frequency pattern for Msg3 is one of cell specific patterns broadcast by eNB for UL and indicated in RAR. 
Proposal 3: All possible frequency hopping patterns for PUSCH are cell specific and broadcast by eNB. 

· The specific pattern for a UE’s PUSCH is configured by UE dedicated signalling. Or

· The specific pattern for a UE’s PUSCH is indicated by DCI.
2.4 Special frequency hopping patterns
In order to avoid collision, frequency hopping for different channels as discussed above is implemented by hopping narrowbands used for MTC in time domain. The narrowbands hopping patterns are defined as cell specific and one of patterns is notified to UE for DL as example by UE dedicated signalling so that M-PDCCH and PDSCH if sharing the same narrowband for the UE will hop as the notified narrowband hopping pattern for DL. 
The patterns discussed above are narrowbands hopping from one edge of the carrier to the other to achieve frequency diversity as legacy PUCCH does. Except frequency hopping is always used for MTC SIB-1if confirming the working assumption, it is agreed to be either supported or configured for other channels.  Therefore, there can be a special hopping pattern (the identity hopping pattern that hops from one narrowband to the same narrowband) that implies no hopping is used for at least some channels. For example, this pattern can be, e.g., NB 0 is always used in time domain. 

In addition, there can be another special hopping pattern which requires least specification effort which is for a given transmission to always hop symmetrically around the center of the system bandwidth every YCH subframes.
Proposal 4: Consider defining at least two special hopping patterns: one pattern is that the transmission does not hop between NBs in time domain, and the other is that all transmissions always hop into the symmetric NB around the center of the system bandwidth according to YCH.

3 Conclusions

This contribution discusses the frequency hopping patterns used for common messages or unicast for uplink and downlink from the angle of narrowbands used for hopping. Two aspects to avoid the hopping collision are taken into account for the frequency hopping pattern design for different channels, which leads to the following proposals:
Proposal 1: Narrowbands used for frequency hopping for at least MTC SIB-1 are a subset of defined narrowbands across the system bandwidth. 

· For MTC SIB-1, the narrowbands used is indicated by MIB or written in specification as well as the hopping pattern. 

· For paging, RAR, and other SIBs than SIB-1, the narrowbands used and the hopping pattern is indicated in MTC SIB-1, which can be the same or different from that for SIB-1. 

Proposal 2: All possible frequency hopping patterns for DL are cell specific and broadcast by eNB and one specific pattern is indicated to UE by UE dedicated signalling.

· The specific pattern is applied to PDSCH and the associated M-PDCCH, and the DCI supports same-narrowband scheduling. Or

· The specific pattern is applied to M-PDCCH and DCI indicates the pattern used for PDSCH and can support cross-narrowband scheduling.

Proposal 3: All possible frequency hopping patterns for PUSCH are cell specific and broadcast by eNB. 

· The specific pattern for a UE’s PUSCH is configured by UE dedicated signalling. Or

· The specific pattern for a UE’s PUSCH is indicated by DCI.

Proposal 4: Consider defining at least two special hopping patterns: one pattern is that the transmission does not hop between NBs in time domain, and the other is that all transmissions always hop into the symmetric NB around the center of the system bandwidth according to YCH.
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4 Annex

The corresponding agreements regarding frequency hopping are highlighted in yellow as below: 

Agreements:
@RAN1#80

· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS

· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration
@RAN1#80bis
· For UEs operating in enhanced coverage, 

· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern

· FFS on configurability of frequency hopping

· Confirm the Working assumption from RAN1#80: PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS

· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
@RAN1#81

· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz
· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels
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(b) SIB/RAR/Paging share the same narrowband but different hopping patterns (NB0 for SIBs, NB1 for RAR/paging in T1)
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(a) SIB/RAR/Paging share the same narrowband and hopping pattern
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