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1 Introduction
Frequency hopping (FH) of DL/UL transmissions to/from Rel-13 low cost UEs was discussed in RAN1#82 and the following were agreed.  

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 considers the above and FFS issues related to FH of DL/UL channels for Rel-13 low cost UEs.
2 Frequency Hopping
The main remaining issues with FH are:
a) How to derive the value of YCH for different repetition levels and different channels (i.e. single YCH value or multiple YCH values). 
b) How to support FH when the repetition number is smaller than or equal to YCH.
The objectives from FH are:

a) Enable the frequency diversity gains while also enabling sufficient channel estimation gains.
b) Minimize resource sharing by allowing the same narrow-bands/RBs to be used for transmissions with same or different repetition levels through TDM.

It is noted that, based on the RAN4 determination that at most 2 symbols are required for retuning between narrow-bands [1], the value of YCH can be same as the value of XCH (number of successive repetitions between two FH instances) as the retuning delay can be absorbed within the legacy DL control region in the DL and in the last symbol of the last subframe prior to hoping and the first symbol in the first subframe after hoping in the UL (puncturing is anyway likely in the last symbol due to SRS).  
Use of the same narrow-bands for transmissions with same repetitions levels through TDM is always possible and can be supported for different values of YCH (or XCH). For example, for 16 repetitions, use of the same 2 narrow-bands can be supported either with YCH = 4 or with YCH = 8. The latter (YCH = 8) is preferable as it provides larger channel estimation gains using a sliding window filter as such gains are more important for low SINRs associated with relatively large numbers of repetitions. It is noted that early termination of a transmission is not practically possible [2]. 
Conversely, use of the same narrow-bands for transmissions with different repetitions levels through TDM requires that YCH is dimensioned according to the smaller repetition level. For example, for multiplexing transmissions with 8 and 16 repetitions in the same 2 narrow-bands, YCH = 4. In that case, some (non-negligible) performance loss for the transmission having 16 repetitions is incurred in order to enable use of same narrow-bands with the transmission having 8 repetitions. What is preferable can depend on the traffic distribution at different repetition levels, the narrow-band availability at the time of the transmissions, and the overall scheduling strategy of a network. 

Therefore, configurability of YCH is preferable to mandating a fixed value of YCH regardless of whether it is dependent or independent of the repetition level. The configuration of YCH should be at least per number R of repetitions (FFS whether it should also be per channel). 2 bits suffice to indicate YCH = R (no need to dynamically indicate FH for at least for large repetition levels), YCH = R/2, YCH = R/4, or YCH = R/8 for R <= 16, or YCH = R (no FH), YCH = 4, YCH = 8, or YCH = 16, otherwise (some values may be N/A if R < NNB x YCH, where NNB is the number of narrow-bands used for FH).  
A network can support different levels of coverage enhancements (CE), ranging from ~6 dB (to accommodate 1 Rx antenna, loss of frequency diversity for single transmission, and reduced PA gain) to ~18 dB (to accommodate additional path-loss). For channels transmitted with 2 or 4 repetitions (assuming maximum CE level of 6 dB to compensate for 1 Rx and frequency diversity loss or for reduce PA gain and frequency diversity loss), a value of YCH can only be YCH = 1 (for R=2 repetitions) or YCH = 2 (for R=4 repetitions). For small number of repetitions, such as R=2 or R=4, that mainly intended to compensate for antenna/frequency diversity losses, the SINR is not very low and FH typically outperforms improved channel estimation over 1 or 2 additional subframes (especially for low target BLER of ~1% that is applicable to control information). Moreover, in many networks, support of small CE levels can be the primary/only operating mode. Therefore, it should not be mandated that FH is disabled for small repetition levels.  

YCH = 1 allows multiplexing of transmissions with different levels of repetitions R from {1, 2, 4, 8}. YCH = 2 allows multiplexing of transmissions with different levels of repetitions R from {2, 4, 8, 16}. This allows sufficient flexibility to a network to multiplex transmissions for different repetitions levels in the same narrow-bands. For repetition levels of R=32 and above, channel estimation accuracy becomes the limiting factor in obtaining gains from repetitions and having a minimum value of YCH = 4 is appropriate.
To enable multiplexing of transmissions having a small number of repetitions, such as R=2 or R=4, with transmissions having a large number of repetitions, such as R>= 16), while enabling FH for both transmissions and enabling sufficient channel estimation gains for the latter transmissions, a virtual large R (or YCH) can be configured for the former transmissions by delaying the subframe where retuning is performed. The same can apply to enable multiplexing of transmissions with FH and transmissions without FH. For example, to multiplex one or more transmissions having R=4 with a transmission having R=16 in the same 2 narrow-bands using YCH = 4, the retuning for each transmission having R=4 can be delayed by 2 subframes as in Figure 1 where 4 transmissions from UEs having R=4 are multiplexed in the same 2 NBs with a transmission from a UE having R=16. Alternatively, for YCH = 2, 2 transmissions without FH having R=4 can be multiplexed in the same NBs with a transmission having R=8.
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Figure 1: Multiplexing Transmissions with FH and different repetition levels or with FH and without FH.  
Proposal 1: The value of YCH is configurable per repetition level and includes indication of whether or not FH is enabled. FFS whether separate configuration per channel needs to be provided. 

Proposal 2: Delayed retuning to a narrow-band is supported. 

3 Conclusions

This contribution considered frequency hopping aspects of DL/UL channels for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: The value of YCH is configurable per repetition level and includes indication of whether or not FH is enabled. FFS whether separate configuration per channel needs to be provided. 

Proposal 2: Delayed retuning to a narrow-band is supported. 
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