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Introduction
In RAN1#82[1], the following is agreed. 

Agreement:
· 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).
Agreement:
· 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

This contribution discusses further details on frequency hopping mechanism. 
Discussion
Narrowbands for MTC-SIB1 transmission
It is FFS whether the number of narrowbands used for MTC-SIB1 frequency hopping can be fixed as two or four which can be indicated by MIB. Regardless of 2 or 4 is used, it is generally desirable to reduce the overhead of MIB. In that sense, the location of narrowbands used for MTC-SIB1 can be prefixed which can be determined based on the system bandwidth information and possibly also based on cell ID. One example is to use two narrowbands near the edge of the system bandwidth to maximize the frequency diversity gain with hopping. If Option B is adopted, four narrowbands can be selected uniformly across the system bandwidth (e.g., the narrowband near the edge of system bandwidth, the narrowband in 1/3rd of system bandwidth and 2/3rd system bandwidth). In terms of intercell interference randomization, it can be either achieved via taking different narrowbands based on cell ID or timing interval between two consecutive MTC-SIB1s can be randomized based on cell ID. In terms of minimizing the impacts on scheduling for legacy UEs, we prefer to fix the frequency location of MTC-SIB1 and randomize the transmission interval of MTC-SIB1 if necessary. 

Proposal 1: The frequency location of MTC-SIB1 is determined based on system bandwidth. The time location of MTC-SIB1 can be determined based on cell ID if necessary. 

Though the benefit of frequency hopping over four narrowbands is expected, the extra overhead in MIB should be avoided as much as possible. If additional signalling from MIB is considered to indicate the number of narrowbands used for SIB transmission, joint coding with indication of narrowbands location can be considered. Overall, we prefer to fix the frequency location of MTC-SIB1 with hopping across two narrowbands. 

Also, the agreement was made mainly for MTC-SIB1, and it seems very natural to expand the agreements to other SIBs. 

Proposal 2: A cell-specific value of YCH is applicable for MTC SIBs other than MTC SIB1.

Signalling of narrowbands allocated for MTC UEs
It is expected that MTC-SIB1 will indicate time/frequency location of other MTC-SIBs. We consider that frequency hopping for MTC-SIBs can be utilized and the set of narrowbands used for MTC-SIBs, paging, RARs need to be known to UEs. One mechanism is to configure a set of narrowbands usable for cell common data transmission, and one narrowband among those can be configured to each cell common data transmission. The hopping pattern can apply within those configured available narrowbands only. 
It could be beneficial to indicate the set of narrowbands for cell common data to minimize the impact on legacy UEs. To reduce the signaling overhead, the number of narrowbands can be instead signaled where it applies to the narrowbands towards the edge first and then move towards to the center to maximize frequency diversity gain. In case, explicit signaling is not available, a MTC UE may assume that all narrowbands defined in a system bandwidth is available to MTC UEs. 

Proposal 3: A subset of narrowbands used for cell common data is signalled for MTC UEs by MTC-SIBx. 

Frequency Hopping
Frequency hopping enabling/disabling configuration
Though frequency hopping achieves better performance, it may impact the scheduling of legacy UEs. For example, if DVRB is used for scheduling on legacy UEs, it becomes difficult to avoid overlap with legacy UE’s scheduled PDSCH if frequency hopping is used. Thus, it is generally desirable to allow configurability of enabling/disabling of frequency hopping. Since it is generally beneficial to apply frequency hopping to all channels, enabling/disabling of frequency hopping per UE would be sufficient for unicast channels. For common channels, cell-common signalling may be necessary. In case some MTC UEs perform frequency hopping and other MTC UEs are not applying frequency hopping, the overlap/collision between two groups should be addressed. One approach to avoid collision is to divide resources usable for frequency hopping and non-frequency hopping regions such that frequency hopping occurs only through resources allocated for frequency hopping. For example, if there are possibly K narrowbands in the system bandwidth, only K1 narrowbands are used for frequency hopping where frequency hopping pattern applies only within K1 narrowbands, and K-K1 narrowbands are used for non-frequency-hopping UEs. To avoid such a case, cell-common enabling/disabling of frequency hopping is more preferred. 

Proposal 4: Cell common enabling/disabling of frequency hopping can be considered. 

Frequency hopping via narrowband switching
In the same subframe, it is expected that legacy UEs are multiplexed with MTC UEs. As legacy UEs do not utilize frequency hopping for downlink transmission, multiplexing between legacy and MTC UEs become complicated if frequency hopping of MTC UE spans the entire system bandwidth due to potential overlap/collision. As mentioned before, thus, resource separation between MTC UEs and legacy UEs are desirable. For the simplicity, we consider that a MTC UE can be configured with a set of narrowbands where frequency hopping would span resources belonging to the configured set of narrowbands only. To minimize the overlap/collision among different UEs which use frequency hopping within those resources, a common hopping pattern can be considered, which is applied regardless of actual transmission. As agreed in RAN1#80, cross-subframe channel estimation is used for unicast data transmission. To support both techniques, it is natural to assume that frequency hopping occurs in every L subframes where L is the number of subframes used for cross-subframe channel estimation. For a cell-common frequency hopping pattern, L should be a common for all UEs performing frequency hopping. If a set of narrowbands are separately configured per each coverage class, hopping pattern per coverage class can be also considered. 

As greed in RAN#82, a common hopping granularity is used at least between SIB1 and paging. It is yet unclear how the hopping granularity applies in the presence of invalid subframes and also starting time of a transmission may not be aligned with the hopping granularity. In our view, hopping should occur in every YCH subframes regardless of the number of invalid subframes within YCH. Otherwise, it becomes a bit more challenging to avoid collisions among different channels sharing the same narrowband with different repetition numbers. Furthermore, the frequency location of each transmission when hopping is applied can be determined based on the virtual narrowband index and SFN (and also subframe index). For example, if MTC-SIB1 is configured with virtual narrowband index 1 where hopping pattern would be NB1  NBi in every YCH starting SFN = 0, the frequency location of MTC-SIB1 in SFN = 1 SF#1 would become NBi.  Figure 1 shows an example of frequency hopping on SIBx and paging messages. 

[image: ]
[bookmark: _Ref430934948]Figure 1. Illustration of SIB and Paging Hopping


For unicast hopping pattern, as mentioned in our previous contribution [2], it would be beneficial to consider mirroring hopping between two groups with a common hopping value where one group may contain multiple narrowbands. Given that each coverage class would have very different repetition levels, it is considerable to configure separate hopping groups per coverage class with different hopping granularity. 

[bookmark: _GoBack]Proposal 5. For unicast transmission, frequency hopping pattern based on mirroring between two narrowband groups is used. It can be further considered to have separate narrowband groups per coverage class for unicast transmission.  

In terms of allocating narrowbands for frequency hopping, whether to allocate common narrowbands for broadcast and unicast transmissions needs some consideration. If they are common, updating the set of narrowbands usable for unicast transmission becomes complicated as it also affects transmission of common data. If they are separately configured with possible overlap, some collision cases should be addressed. If they are separately configured and resources are disjoint, resources used for frequency hopping of cell common data can be utilized. Overall, it is desirable to avoid possible collision by applying the same pattern. However, if it is necessary for the flexibility, applying separate resources for cell-common and unicast transmission for frequency hopping can be considered.
 
Proposal 6: Consider adopting virtual narrowband concept where physical narrowband resource can be determined based on hopping pattern and other cell common parameters. 

Handling of small number of repetitions
It is FFS on handling of small number of repetitions than YCH for frequency hopping. Overall, there could be the following approaches. 
· No hopping is used in this case: In other words, if the repetition is smaller than YCH, the hopping may not be occurred during the repetition
· Divide the repetitions to two groups: transmit the first group in first YCH and the second group in the next YCH duration – this may complicate the network scheduling to ensure no collision between data scheduling with different repetition numbers sharing the same narrowbands. 
· Change YCH in this case: for example, a UE assumes that YCH = YCH /2 in this case. Similar to the second option, it is expected that scheduling complexity can be increased with this approach. 
· Adopt multiple YCH values for example one per each narrowband or coverage level: The network schedules the data with small repetition numbers to a narrowband with small YCH value. This may require separate narrowbands configured per each coverage level, and thus, the number of narrowbands usable for frequency hopping for a coverage level can be limited (and thus frequency diversity gain may be limited). 
In general, we consider that the low coverage UEs may not require frequency hopping as frequency hopping is mainly adopted for large coverage case. Though there could be potential performance benefits, each option seems to lead considerable specification impacts, and complicate the scheduling from the network side. Also, it is noted that the actual number of subframes that a transmission with repetition spans can be generally larger than the number of repetitions due to invalid subframes. In other words, the number of subframes of repetition can be larger than YCH though the repetition number is less than YCH in many cases. Thus, our preference is not to allow a special handling on this case. If special handling is necessary, we consider that different YCH values may be considered either per narrowband or per coverage level for unicast data transmission. For cell common data transmission, we do not see a clear motivation to take a special handling if YCH is configurable by the network for cell common data. 

Proposal 7: Select options between A) a common YCH for all channels in a cell or B) different YCH per coverage levels in a cell. 

Conclusions
This contribution discussed details on frequency hopping. The followings capture the proposals. 

Proposal 1: The frequency location of MTC-SIB1 is determined based on system bandwidth. The time location of MTC-SIB1 can be determined based on cell ID if necessary. 
.
Proposal 2: A cell-specific value of YCH is applicable for MTC SIBs other than MTC SIB1.
  
Proposal 3: A subset of narrowbands used for cell common data is signalled for MTC UEs by MTC-SIBx. 

Proposal 4: Cell common enabling/disabling of frequency hopping can be considered. 

Proposal 5. For unicast transmission, frequency hopping pattern based on mirroring between two narrowband groups is used. It can be further considered to have separate narrowband groups per coverage class for unicast transmission.  
Proposal 6: Consider adopting virtual narrowband concept where physical narrowband resource can be determined based on hopping pattern and other cell common parameters. 

Proposal 7: Select options between A) a common YCH for all channels in a cell or B) different YCH per coverage levels in a cell. 
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Appendix 

1. Simulation Assumptions for frequency hopping 
	Parameter
	value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz (FDD)

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz

	TB size
	328 bits

	PDSCH PRB size
	6 PRBs

	Frequency tracking error
	100Hz

	Frequency hopping
	ON

	Cross-subframe channel estimation
	ON

	Performance target
	10% BLER
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