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1 Introduction
In RAN1 #94 meeting, we had the following agreements on frequency hopping for PDSCH/PUSCH with more flexible starting PRB [1].

· If frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe 
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 within the  consecutive downlink subframes using the PRB resources of the narrowband [image: image4.png]


 with same RIV as that of narrowband [image: image6.png]


.

· If frequency hopping is enabled for PUSCH, and the UE is not configured with ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted in subframe [image: image7.wmf]i

 within the  [image: image8.wmf]PUSCH
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 consecutive uplink subframes using the  PRB resources of the narrowband [image: image10.png]


  with same RIV as that of narrowband [image: image12.png]


.

However, there is no consensus on frequency hopping for PUSCH with more flexible starting PRB in CE mode A. In this contribution, we discuss the frequency hopping of PUSCH with more flexible starting PRB in CE mode A.
2 Discussion
For frequency hopping of PUSCH with more flexible starting PRB in CE mode A, the following options can be considered.

· Option 1: Define the RB offset for frequency hopping based on the existing higher layer parameter 
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, such as the RB offset equal to , where the maximum of  
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is  maximum available number of Narrowbands.
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Figure 1 Frequency hopping illustration for Option 1
· Option 2: For the case that partial or full allocated PRBs are NB PRB(s), the NB PRB(s) hops using the same  frequency hopping equation in Rel-13 eMTC, other non-NB PRB(s) (if any)  will hop according with the adjacent NB PRB(s).
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Figure 2 Frequency hopping illustration for Option 2

· Option 3: PRBs hops in frequency domain using Type 2 PUSCH hopping 

For all Options, Frequency hopping of PUSCH with more flexible starting PRB may lead to wrap-around issue. 
Legacy LTE UEs and BL/CE MTC UEs are multiplexed within the whole system bandwidth. Legacy LTE UEs use Type 1 or Type 2 PUSCH hopping while BL/CE MTC UEs use narrowband based frequency hopping. Option 2 may have less negative impacts on BL/CE MTC UEs but Option 1 and 3 may have less negative impacts on legacy LTE UEs. It is hard to say which option has better performance. 
Considering that PUSCH allocation has no RBG alignment issue, using Type 2 PUSCH hopping is beneficial for implementation.
Proposal 1: For PUSCH with more flexible starting PRB in CE mode A, PRBs hops in frequency domain using Type 2 PUSCH hopping.
The example of TP in 36.211 for the proposals above is provided as below:
----------------------------------------Start of Text proposal----------------------------- 

5.3.4
Mapping to physical resources
<Unchanged parts are omitted>
For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with 
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repetitions. The PUSCH transmission spans 
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 consecutive subframes, including non-BL/CE UL subframes where the UE postpones the PUSCH transmission if 
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. In case the UE is a BL/CE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, the PUSCH transmission spans 
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 consecutive subframes including non-BL/CE UL subframes where the UE postpones the PUSCH transmission. For BL/CE UE in CEModeA, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency hopping is disabled. For BL/CE UE in CEModeB, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set, otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are located at the same PRB resources. If frequency hopping is enabled for PUSCH and if the UE is not configured with higher layer parameters ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted in subframe 
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 within the 
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 consecutive uplink subframes using the same number of consecutive PRBs as in the previous subframe starting from the PRB resources of the narrowband 
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 with the same RIV as that of narrowband 
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. The narrowband 
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 is defined as 
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where 
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 is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and 
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 are cell-specific higher-layer parameters. For the 
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 consecutive subframes, the UE shall not transmit PUSCH in subframe 
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 if it is not a BL/CE UL subframe. If frequency hopping is enabled for PUSCH and if the UE is configured with higher layer parameters ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted within the 
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 consecutive uplink subframes using consecutive PRBs determined by RIV and type-2 PUSCH hopping.
<Unchanged parts are omitted>
---------------------------------------- End of Text proposal------------------------------

3 Conclusion
In this contribution, frequency hopping of more flexible PUSCH allocation in CE mode A has been discussed. We have the following proposals:
Proposal 1: For PUSCH with more flexible starting PRB in CE mode A, PRBs hops in frequency domain using Type 2 PUSCH hopping.
The corresponding text proposal in 36.211 for proposal 1 has been provided.
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