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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.
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
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
Basically for the two parameters X and YCH, only one parameter could be required to be configured by the network; another parameter could be derived implicitly, which is depending on RAN4’s decision on re-tuning time. Besides the parameters X and YCH, another factor related to frequency hopping is the number of hops in one data transmission, which could be derived from the repetition numbers and parameter YCH. The number of hops could also impact the frequency hopping pattern design as shown in following section of this contribution, but considering the DCI overhead increase, the type1 and type 2 PUSCH frequency hopping scheme could be reused by MTC, it is not preferable to have the variable YCH. 
Generally, the paramour 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 paramour YCH are same for all repletion levels. eNB could inform UE the number of repletion for each level, then UE can derive the hopping numbers. 
For PDSCH and MTC downlink control channel, the same parameters of X and Y 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 both channels also; the PRACH repetition level can be used as the starting point to determine the frequency hopping parameters.

Proposal 1: a common value of YCH can be configured 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, PUSCH frequency hopping patterns could be reused for MTC. Two types of PUSCH frequency hopping schemes were defined in Rel.8. One-forth bandwidth or half-bandwidth PRB frequency offset can be configured for Type 1 frequency hopping. For PUSCH type 2 frequency 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. 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. 
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, because only two sub-bands or narrowbands are occupied by the scheduled UEs. 

On the other hand, for 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. It was also agreed 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.
Proposal 2: Type 1 PUSCH hopping pattern is adopted as MTC frequency hopping pattern.
Regarding to frequency hopping pattern indication, there are several possible options, 
· Option 1: fixed frequency hopping pattern 
· Option 2: flexible frequency hopping indicated by DCI

· Option 3: frequency hopping pattern indicated by higher layer signalling

For option 1, the frequency hopping position is fixed in the spec, e.g. each hopping spans half of the system bandwidth. It is straightforward method and is similar as PUSCH intra-subframe frequency hopping. This option is more suitable for MTC physical control channel frequency hopping, such as M-PDCCH, in another word, when frequency hopping pattern related information can’t be indicated dynamically by DCI. For M-PDCCH and PDSCH frequency hopping, the hopping can occur in the whole system bandwidth. For UL channels frequency hopping, i.e., PRACH and PUSCH, the PRBs occupied by legacy PUCCH are excluded from hopping, however with this option, only one of half-bandwidth or forth-bandwidth hopping can be applied, it is less flexibility to choose the hopping pattern. For PUCCH frequency hopping pattern, it’s hard to fix in the spec, simply because the PRBs for legacy PUCCH and MTC PUCCH transmission are configurable.  
For option 2, frequency hopping pattern information is indicated by DCI. Several narrow bands will be configured to MTC UE, and the transmission only hops in the configured narrow bands. The frequency position of each hop needs to be indicated by DCI, if there are many hops for one data transmission, the DCI size will increase considerably, and to keep the DCI size fixed it’s better to set the same number of hops for each repletion level. The benefit of this option is frequency hopping is more flexible if reliable channel status can be obtained by eNB, then the frequency diversity can be fully captured. And this option is more suitable for PUSCH type 2 kind of hopping. This option can’t be applied to M-PDCCH and PRACH repetitions.
For option 3, higher layer signalling can’t update the frequency hopping pattern frequently, such that the pattern is fixed for multiple data transmission period. However comparing with option 1, it has the flexibility to choose the hopping pattern by eNB scheduler.

	
	Option 1
	Option 2
	Option 3

	Pros
	· Apply to M-PDCCH /PDSCH /PUSCH and PRACH 

· Moderate frequency diversity gain

· Minor standard impacts
	· Fully frequency diversity gain

· Hopping position flexibility
· More suitable for PUSCH type 2 hopping pattern 
	· Apply to M-PDCCH /PDSCH /PUSCH/PUCCH and PRACH 

· Moderate frequency diversity gain


	Cons 
	· No flexibility to configure hopping pattern

· Can’t apply to PUCCH

· Minor scheduling restriction
	· Can’t apply to M-PDCCH and PRACH

· Require more DCI bits 
	· Minor scheduling restriction


Table 1: comparison of three options

Based on above analysis, the pros and cons for each option are showing in figure 1, considering the frequency hopping gain, the DCI overhead and standard impacts, option 3 seems the reasonable solution for control channel, PDSCH, PUSCH and PRACH frequency hopping.
Proposal 3: it is preferred that higher layer signalling indicates the frequency hopping pattern.
3
Conclusion
In this contribution, we discuss the frequency hopping pattern and configuration considering the agreements of RAN1#81 meeting. Based on our analysis, the following observation and proposal are made. 
Proposal 1: a common value of YCH can be configured for all repetition levels.

Proposal 2: Type 1 PUSCH hopping pattern is adopted as MTC frequency hopping pattern.
Proposal 3: It is preferred that higher layer signalling indicates the frequency hopping pattern.
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