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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. 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 

It was agreed in last meeting that a set of DL and UL narrow-band(s) are known to UE. For M-PDCCH, PUCCH and PRACH channels, it’s enough to only configure one narrow band for the UE first transmission. For PDSCH and PUSCH, UE could know the narrow band via resource block assignment in DCI which is similar as the current resource allocation, in which case eNB could have fully scheduling flexibility.

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 = 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 Y, 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 Y, 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 Y. The number of hops could also impact the frequency hopping pattern design as shown in following section of this contribution. So it needs to be decided whether parameter Y or number of hops is configured by the networks. In another word, whether the same Y value applies to all repetition levels or all repletion levels have the same number of hops. 
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.
Observation: it is needed to decide first if the same X and Y values can apply to all repetition levels, then to determine whether the parameter Y or number of hops will send to UE for frequency hopping.
Frequency hopping pattern
It is a general consensus that frequency hopping could provide the frequency diversity gain. There are several possible options to support the MTC frequency hopping, 
· 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. For PUCCH frequency hopping pattern, it can also be fixed in the spec, the hopping can be done between edge PRBs of system bandwidth with the eNB configured PRB for first PUCCH transmission.  
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. 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. The scheduling flexibility is restricted. If more MTC UEs need to be scheduled, the scheduler could get more complicated. It’s hard to see the performance benefits comparing with option 1.  

	
	Option 1
	Option 2
	Option 3

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

· Moderate frequency diversity gain

· Minor standard impacts
	· Fully frequency diversity gain

· Hopping position flexibility
	· Apply to M-PDCCH /PDSCH /PUSCH/PUCCH and PRACH 

· Moderate frequency diversity gain

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

· Require more DCI bits 
	· More 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 1 seems the reasonable solution for control channel, PDSCH, PUSCH and PRACH frequency hopping.
Proposal: it is preferred that the frequency hopping pattern (i.e. Z) is fixed in the specification.
3
Conclusion
In this contribution, we discuss the frequency hopping pattern and configuration considering the agreements of RAN1#80bis meeting. Based on our analysis, the following observation and proposal are made. 
Observation: it is needed to decide first if same X and Y values can apply to all repetition levels, then to determine whether parameter Y or number of hops will send to UE for frequency hopping.
Proposal: it is preferred that the frequency hopping pattern (i.e. Z) is fixed in the specification.
4
Reference
[1] R1-151308, “Frequency Hopping for UEs in Coverage Enhancement”, Nokia Networks
