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1
Introduction
With the Rel.13 new WI “further LTE physical layer enhancements for MTC”, for UEs in enhanced coverage, it was agreed in previous meetings that frequency hopping can be used to reduce the number of repetitions. The frequency hopping can be applied to almost all physical channels, such as PDSCH, M-PDCCH, PUSCH, PUCCH and PRACH, except PBCH and PSS/SSS. Some further agreements on frequency hopping were reached as showing below in last RAN1 meeting.
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

In this contribution we discuss and share our views on the remaining issues of frequency hopping.
2
Frequency hopping pattern and configuration
Frequency hopping parameters configuration 

According to the agreement on PDSCH frequency hopping, examples of frequency hopping pattern and configuration are shown in figure 1. The parameters are described as 
· X = duration of same PRB position (to enable cross-subframe channel estimation)

· Y or YCH = frequency hopping period (equal to or greater than X, including re-tuning time)

· Z = frequency hopping pattern
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Figure 1: Frequency hopping pattern and configuration

With incoming LS from RAN4 [2], it was agreed from RAN4 the maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP). Based on the LS and previous agreement on CFI indication, the starting OFDM symbol of MTC SIB1 reception is a fixed value predefined in the specification, then three OFDM symbols will be used for legacy PDCCH transmission. There are three OFDM symbols for MTC UE re-tuning, the value of parameter X and Y can be same. For M-PDCCH and PDSCH, if eNB configured CFI is larger than one OFDM symbol, MTC UE could decode the following subframe M-PDCCH and PDSCH with two OFDM re-tuning time. In most of cases the PDCCH will occupy larger than one OFDM symbol, this restriction on scheduling is acceptable. So for DL channel, the value of parameter X and YCH can be the same on the subframe level. In another way to say, all the valid MTC subframes could transmit data with frequency hopping. 
For UL transmission, all the OFDM symbols are used for data and control information transmission. One option is 1 subframe is used for retuning, and another option could be puncturing two symbols every YCH subframe from uplink transmission [3]. The loss of two symbols every YCH subframes may cause only a small degradation for sufficiently large YCH. The total number of repetitions for any coverage enhancement level can be specified to compensate for this loss. 
Proposal 1: For DL frequency hopping, the duration of same PRB position (X) is same as frequency hopping period (YCH); for UL frequency hopping, further study whether the value of X and YCH could be the same.   
For the frequency hopping granularity YCH, it was agreed it can be either predetermined or semi-statically configured. If this parameter is predetermined or fixed in the specification, it is less flexibility from eNB scheduling point of view. Generally, the parameter YCH is depending on the eNB and UE channel estimation filter length for UL and DL reception respectively, which could allow the receiver to start cross-subframe channel estimation prior the data transmission. And the cross-subframe channel estimation also depends on the signal phase continuity at the receiver side. So it’s better the parameter YCH is configurable by the network, and the parameter YCH are same for all repletion levels. eNB could inform UE the number of repetitions for each level, then UE can derive the hopping numbers. 

For PDSCH and MTC downlink control channel, the same value of parameters YCH can be applied for both channels for the cross subframe channel estimation.

For PUSCH, PUCCH and PRACH, the frequency hopping parameters could be configured with the same value for these channels also; the PRACH repetition level can be used as the starting point to determine the frequency hopping parameters.

Proposal 2: For DL channels and UL channels, the parameter YCH can be configured separately; a common value of YCH is for all repetition levels.
Frequency hopping pattern
It is a general consensus that frequency hopping could provide the frequency diversity gain. For the detailed frequency hopping pattern, the pattern defined in Rel.8 could be reused for MTC. At least there are three possible schemes.

· Alternative 1: PUSCH type 1 hopping

One-forth bandwidth or half-bandwidth PRB frequency offset can be configured for PUSCH Type 1 frequency hopping.

For MTC hopping, the PRB will be replaced with narrow band, the transmission hops between two narrow bands.

· Alternative 2: PUSCH type 2 hopping

The hopping bandwidth can be configured up to 4 sub-bands and the hopping is based on a pseudo-random sequence pattern related to the cell ID. The hopping pattern is changed every sub-frame.
For MTC hopping, the sub-band is replaced with narrow band as well, the transmission hops among the narrowband band for each frequency hopping period.

· Alternative 3: symmetric hopping

  The symmetric hopping is PUCCH-like hopping, hopping from one bandwidth edge to another bandwidth edge.


For MTC hopping, the transmission will hops between two edge narrowbands.
If the PUSCH frequency hopping pattern is reused by MTC, the backward compatibility shall be kept, in another word, the legacy PUSCH transmission is not impacted by MTC. 
For Alternative 1, if type1 hopping is adopted by MTC, one common hopping pattern could apply to both PUSCH transmission and MTC transmission, i.e., One-forth bandwidth or half-bandwidth PRB hopping pattern; it is easily for network to avoid the PRBs collision in one subframe, even for the case of the inter-subframe hopping for legacy UE with PUSCH re-transmission, if only two sub-bands or narrowbands are occupied by the scheduled UEs. If MTC frequency hopping takes place among 4 narrowband, it’s hard for eNB scheduling to avoid collision between MTC PUSCH transmission and legacy PUSCH retransmission. With this alternative, no narrow bands need to pre-allocate to MTC, it just depends on scheduling which narrow bands are actually used for MTC. And left PRBs could be used for legacy PUSCH transmission. It could be more efficient from physical layer resource allocation point of view.  

For alternative 2 reusing type 2 hopping scheme, it was agreed the narrowband is 6PRBs at least for MTC. But for legacy PUSCH transmission, the configured sub-band is not 6 PRBs, then it could not find a common hopping pattern for legacy PUSCH and MTC hopping. If we assume all PRBs can be shared between MTC and legacy transmission, considering that one narrowband will occupy the same location several subframes (the parameter X), after the hopping MTC UE will occupy another narrowband X subframes. If PUSCH is transmitted by legacy UE in the subframe before the MTC hopping, and the PUSCH is retransmission several times after the several MTC frequency hops, it could cause PRB collision between legacy PUSCH transmission and MTC PUSCH transmission. It is hard for eNB scheduler to avoid this kind of collision, for eNB can’t predict how many PUSCH re-transmissions will happen for legacy UE, it could be even worse if multiple narrowbands are used by MTC. If some dedicated narrow bands are reserved for MTC, these narrow bands can’t be shared by legacy PUSCH, because legacy PUSCH will only hops in the configured PRB regions otherwise it could cause collision. 
For alternative 3, similar as alternative 2, PRB resources need to separately reserve for MTC and legacy PUSCH to avoid the potential collision between MTC and PUSCH transmission. With this alternative, the edge narrow band could get more frequency diversity gain with hopping, but the gain for the narrow bands close to band centre is getting smaller. 
Proposal 3: Type 1 PUSCH hopping pattern is adopted as MTC frequency hopping pattern.
3
Conclusion
In this contribution, we discuss the frequency hopping pattern and configuration considering the agreements of RAN1#82 meeting. Based on our analysis, the following proposals are made. 
Proposal 1: For DL frequency hopping, the duration of same PRB position (X) is same as frequency hopping period (YCH); for UL frequency hopping, further study whether the value of X and YCH could be the same. 

Proposal 2: For DL channels and UL channels, the parameter YCH can be configured separately; a common value of YCH is for all repetition levels.

Proposal 3: Type 1 PUSCH hopping pattern is adopted as MTC frequency hopping pattern.
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