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1. Introduction
In RAN#72 a new work item (WI) named further enhancements for MTC [1] was introduced. The objectives of the WI include the support of positioning, multicast, mobility enhancements and higher data rates.

Larger data channel bandwidth is one of the approaches being used to achieve higher data rates. The following were agreed in RAN#87 regarding the resource allocation and frequency hopping support for larger bandwidth. 
· The PDSCH Allocation for FeMTC UEs supporting larger bandwidth is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth
· 24 PRBs is the maximum number of PRBs that can be allocated
· The PDSCH Allocation for FeMTC UEs supporting larger bandwidth is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth
· 96 PRBs is the maximum number of PRBs that can be allocated
· The PUSCH allocation for FeMTC UEs with larger bandwidth can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13
· This includes at least the central PRB in case of odd system bandwidth
· FFS: PRBs at the band edges that do not belong to any narrowband
· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported
· For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  
· PDSCH/PUSCH frequency hopping is supported for BL/CE UE operating 5 MHz maximum PDSCH/PUSCH channel bandwidth.
· Reuse Rel-13 frequency hopping RRC parameters.
· FFS how to handle center PRB in odd system bandwidths
· FFS whether wrap-around can occur
· It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around (e.g. for PUSCH or for PDSCH with UE bandwidth smaller than system bandwidth) do not occur.
· This does not preclude specifying a UE behavior for these cases.
· PDSCH/PUSCH frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A.

In this document we provide our views on the remaining aspects related to the frequency hopping support for larger bandwidth allocation.

2. Frequency hopping support for non-BL UEs
Frequency hopping support for BL UEs with max PDSCH bandwidth of 5 MHz has already been agreed. However, frequency hopping support for non-BL UE supporting max PDSCH channel bandwidth of 20 MHz is still FFS. For scheduling flexibility purposes, small allocations with repetitions across subframes should be allowed for non-BL UE. Such allocation would benefit from frequency diversity performance gains from frequency hopping. Also depending on the flexibility provided in the yet to be agreed resource allocation mapping, frequency hopping may be desirable even for larger allocations. In addition, allowing frequency hopping for non-BL UEs will make it easier to schedule mix of non-BL and BL UEs when BL UEs are scheduled with hopping enabled. We hence propose that frequency hopping be enabled even for non-BL UE.
Proposal 1: Frequency hopping is supported for non-BL UEs configured with max PDSCH channel bandwidth of 20 MHz


3. Frequency Hopping and Wrap Around
3.1. Downlink
It is desirable to reuse the same hopping mechanism as in release 13 for easier coexistence of eMTC and FeMTC UEs, i.e., each allocated PRB hops using the same equations as release 13 eMTC. It is possible that with certain hopping configuration parameters, due to hopping, part of the allocated PDSCH RBs are on one edge of the system bandwidth, while the rest are on the other edge. Due to its bandwidth limitations the UE may not be able to simultaneously monitor RBs in both these portions. In such cases, the UE can monitor the RBs in one of the portions by assuming puncturing of the RBs in the other portion. It can choose the portion with larger number of RBs. Since the hopping is applicable only when the repetitions are enabled, it may be acceptable to have the UE ignore one of the portions in order to provide scheduling flexibility at the eNB. By explicitly specifying which resources the UE should assume as available, the remaining resources can be used by the network to schedule other UEs – for example UE always picks the portion with more RBs  (as shown in the below figure) and in case they are equal it picks the lower frequency portion.
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Note that if the NW doesn’t want the UE to have such split PDSCH allocation, it could configure the start NB and/or the hopping offset such that this doesn’t happen. However, having clearly defined UE behaviour in case of such split allocation gives network more flexibility. We hence make the following proposals. 

Proposal 2: Follow the eMTC PDSCH hopping procedure to define the hopping procedure for the FeMTC PDSCH with larger bandwidth support, by repeating the procedure for all of the allocated NB regions. 
Proposal 3: If the allocated PDSCH PRBs wrap around in frequency and UE cannot monitor both portions due to its bandwidth capability, UE should choose the portion with larger number of PRBs. If both portions have equal number of PRBs, UE could pick the lower frequency portion always.

3.2. Uplink
Although it is desirable to reuse the same frequency hopping as release 13 eMTC, the following constraints related to uplink have to be kept in mind
1) The UL resource allocation has to be contiguous. If we hop each PRB independently using release 13 hopping equations, we could have wrap around. In addition, for odd bandwidth cases, we could have allocations that are on either side of the centre PRB (which is not part of any NB).
2) The UL resource allocation has to be a multiple of 2,3,5. Solutions that propose including the centre PRB in addition to other allocated PRBs in the centre PRB when resource allocation is on either side of the centre PRB may lead to resource allocation size not being a multiple of 2,3,5.
3) When using smaller allocations, it is desirable to be able to schedule 5 MHz capable UE and 1.4 MHz capable UE on same set of PRBs such that they also hop on same set of PRBs in subsequent subframes.
In light of the above constraints we propose the following for uplink resource allocation and hopping 
Proposal 4: The start PRB for UL resource allocation is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for PUSCH. The start PRB hops using the same frequency hopping equations as in LTE Release 13.
Proposal 5: The number of allocated PRB (NUMPRB) for UL resource allocation doesn’t change with hopping. The allocated PRBs are always start PRB,start PRB+1, …, start PRB + NUMPRB-1. The allocation could include the centre PRB and edge PRBs. 
Proposal 6: If the PUSCH allocation after hopping has a wrap around, PUSCH transmission on that subframe is dropped. 

4. Summary
In this contribution we provide our views on the remaining aspects related to the frequency hopping support for larger bandwidth allocation. The proposals are summarized below.
Proposal 1: Frequency hopping is supported for non-BL UEs configured with max PDSCH channel bandwidth of 20 MHz
Proposal 2: Follow the eMTC PDSCH hopping procedure to define the hopping procedure for the FeMTC PDSCH with larger bandwidth support, by repeating the procedure for all of the allocated NB regions. 
Proposal 3: If the allocated PDSCH PRBs wrap around in frequency and UE cannot monitor both portions due to its bandwidth capability, UE should choose the portion with larger number of PRBs. If both portions have equal number of PRBs, UE could pick the lower frequency portion always.
Proposal 4: The start PRB for UL resource allocation is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for PUSCH. The start PRB hops using the same frequency hopping equations as in LTE Release 13.
Proposal 5: The number of allocated PRB (NUMPRB) for UL resource allocation doesn’t change with hopping. The allocated PRBs are always start PRB,start PRB+1, …, start PRB + NUMPRB-1. The allocation could include the centre PRB and edge PRBs. 
Proposal 6: If the PUSCH allocation after hopping has a wrap around, PUSCH transmission on that subframe is dropped. 
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