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1 Introduction
Frequency hopping of DL/UL transmissions to/from Rel-13 low cost UEs was discussed in RAN1#81 and the following were agreed.  

Agreements:
· 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. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

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

· FFS on details of mapping between hopping pattern(s) and channels
This contribution considers the above and additional FFS issues related to frequency hopping of DL/UL channels for Rel-13 low cost UEs.
2 Frequency Hopping Operation
MTC SIB-1

The applicability of the first working assumption (WA) should be regardless of whether or not the network supports coverage enhanced operation as MTC SIB-1 needs to be transmitted with tens of repetitions even for UEs in normal coverage and frequency hopping (FH) provides a significant reduction in the number of repetitions [1]. Moreover, even though the FH gains for DL system BW of 3.0 MHz are expected to be small, there is no apparent reason to not have a common design for all system BWs where FH can exist. 
To avoid additional signaling (use of spare bits) in the MIB for the narrow-bands (NBs) of the MTC SIB-1 repetitions, especially as such signaling is not meaningful without tight network coordination to avoid interference due to the limited number of NBs and the use of FH, the second WA should also be confirmed. Since MTC SIB-1 transmissions are likely to be power boosted as they require significantly more repetitions than other channels due to the message size, interference randomization should be enabled. Therefore, considering that 4 subframes per frame can support MTC SIB-1 transmissions (for TDD, the MIB can indicate whether SF#1 and SF#6 can be used), the NBs and the subframes per frame can be derived by the SFN, the PCID, and the DL system BW. In order to enhance channel estimation accuracy, the same NB can be used per frame. Interference randomization per frame can be in the time domain by using a subset of available subframes, such as 2 subframes, to also increase time diversity gains. Alternatively, all subframes per frame can be used but MTC SIB-1 transmission can be intermittent among frames.  
Proposal 1: Frequency hopping for MTC SIB-1 is always used for DL system BW >= 3 MHz. The NB and the subframes or frames of a MTC SIB-1 transmission are determined based on SFN, cell ID, and DL system BW. 

Frequency Hopping for Channels other than MTC SIB-1
A network can support different levels of coverage enhancements (CE), ranging from ~6 dB (to accommodate 1 Rx antenna and reduced PA operation) to ~18 dB (to accommodate additional path-loss). For channels transmitted with 2 or 4 repetitions (assuming maximum CE level of 6 dB), a value of X (the number of consecutive repetitions in a NB before FH) can only be X=1 (for R=2 repetitions) or X=2 (for R=4 repetitions). It is noted that for R=2, as the SINR is not very low, FH typically outperforms improved channel estimation over an additional subframe especially for low target BLER of ~1% that is applicable to control information.  

Conversely, for larger CE levels, such as 12 dB or 18 dB, a number of repetitions can be 16, or 64, or probably more depending on the accuracy of the channel estimation. Having a value of X=2 associated with such numbers of repetitions will unnecessarily degrade channel estimation (thereby further increasing the number of required repetitions) and require excessive retuning operations that effectively increase the total number of subframes required for a channel transmission by ~50%. Therefore, having a common value for X (or equivalently for YCH) without considering that different channels require different CE levels and without considering the number of repetitions associated with each CE level, as in Alt.1, is not appropriate.
Observation 1: A value of YCH that is common to all channels and CE levels is detrimental for network operation, spectral efficiency, and UE power consumption. 
Having a single hop per NB (Alt. 3) minimizes the number of retuning instances (only one retuning per NB) and maximizes the gains from improved channel estimation as sliding window filtering can apply and the number of “edge” subframes is minimized. One claimed disadvantage of this approach is that frequency gains are not obtained early enough in the number of repetitions and the consequence is that the probability of early termination for a channel transmission is reduced. While the first aspect of such claim is of course correct, the second aspect regarding the capability for early termination requires further analysis. 
Although the frequency diversity gains are not obtained early enough in the number of repetitions, channel estimation gains that are important for operation in moderate/large CE levels increase. As the frequency diversity gains are the same among the various alternatives when the repetitions complete, the improved channel estimation from Alt. 3 allows configuration of a smaller number of repetitions (and associated gains in spectral efficiency and UE power consumption). For example, for R=16, a value of X=4 results to about 50% of subframes (or data symbols) per hop not benefiting from a sliding window DMRS filtering for channel estimation (edge subframes) and a value of X=8 is more appropriate. For the same reason, for R=32, a value of X=16 is more appropriate than a value of X=8 as a sliding window DMRS filtering can extend over 4 subframes.

Observation 2: For complete repetitions of a channel transmission, Alt. 3 requires a smaller number of repetitions. 

Early termination of a channel transmission is not practically possible for several reasons. First, for M-PDCCH or PUCCH, there is no mechanism defined for a UE or an eNB, respectively, to inform the eNB or the UE of a successful detection (and for the PUCCH, it is unclear how this can be determined). The same holds for the channels associated with random access. For the PDSCH or the PUSCH, early termination will require a UE or an eNB, respectively, to transmit to the eNB or the UE an acknowledgement signal (e.g. ON/OFF signaling) indicating correct data TB detection. 
· First, such early termination cannot happen at an arbitrary subframe as the receiving end needs to know when to start reception of an associated acknowledgement signal - a corresponding resource also needs to be defined. 
· Second, a HD-FDD UE transmitting PUSCH cannot simultaneously receive an acknowledgement signal and this is likely also not possible in general unless the acknowledgement signal is transmitted in the same NB and with the same frequency hopping pattern as the one monitored by the UE for M-PDCCH or PDSCH reception. 
· Third, unless the early termination occurs over a significantly smaller number of repetitions than the actual one (e.g. siginificantly less than 50%) then, even if the acknowledgement signal could be received by the UE (or transmitted from the UE), the remaining repetitions are likely to complete prior to detection of the acknowledgement signal (due the additional latency associated with decoding the data TB and the repetitions for transmitting the acknowledgement signal – note that early termination is not possible for the acknowledgement signal). 
· Fourth, unlike conventional HARQ-ACK transmission from an eNB to a UE (or the reverse), the UE (or the eNB) cannot know whether there is an actual acknowledgement signal transmission for early termination and, therefore, such a transmission will require a large number of repetitions to ensure proper DTX detection particularly considering that early termination is conceptually most applicable for UEs requiring large CE levels.    
Observation 3: Early termination of a channel transmission is not practically feasible. 

Although early termination aspects are not relevant, two disadvantages of Alt. 3 are subsequently identified. A first disadvantage is that Alt. 3 does not support multiplexing in the same NBs of repetitions for channel transmissions to/from UE requiring different CE levels. This can potentially somewhat reduce the number of NBs required to support Rel-13 low cost UEs (depending on the number of NBs configured for FH to Rel-13 low cost UEs) without increasing latency. A second disadvantage is that Alt. 3 assumes that the actual number of repetitions is known. Although this is the case for UL transmissions and for PDSCH transmissions (FFS for MTC SIB-1), it is detrimental to set the number of repetitions for M-PDCCH transmissions to a single (over-dimensioned for robust operation) value [2].
Therefore, configuration of multiple values for X should be allowed (Alt. 2). This is the most general alternative and can also realize both Alt. 1 and Alt. 3 if the network so chooses. The configuration of X should be per number R of repetitions and per channel (UE-specific for unicast channels). 2 bits suffice to indicate X=R (disables FH – e.g. for NB-selective scheduling or to optimize channel estimation in case a UE experiences a frequency flat channel such as a Ricean channel), X=R/2, X=R/4 or X=R/8. For example, for the M-PDCCH, X=R for R=2 and X=R/2 for R=4 in order to enable a UE in “small” enhanced coverage to simultaneously monitor different numbers of repetitions. For example, for the PDSCH, X=R for NB-selective scheduling and X=R/2 otherwise if the network supports only one CE level. A configurable value for X can enable a network to fully control, according to its scheduling strategy and requirements for CE levels and associated traffic loads, tradeoffs associated with the multiplexing of channel transmissions with different repetition numbers, transmission latency due to retuning, and the number of required repetitions for different CE levels. 

Observation 4: Configuration of X (or of YCH) per number of repetitions allows for several benefits in the network controlling the support of Rel-13 low cost UEs. 2 bits suffice.  
Proposal 2: The value of YCH is configurable per number of repetitions. 2 bits suffice and can include indication of whether or not frequency hopping is enabled.

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: Frequency hopping for MTC SIB-1 is always used for DL system BW >= 3 MHz. The NB and the subframes or frames of a MTC SIB-1 transmission are determined based on SFN, cell ID, and DL system BW. 

Proposal 2: The value of YCH is configurable per number of repetitions. 2 bits suffice and can include indication of whether or not frequency hopping is enabled.
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