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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. For the larger BW support, the following were agreed in RAN #86 and RAN #86bis
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.
· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For Rel-14 BL UEs in CE mode A and CE mode B, the single larger maximum UE channel BW for PDSCH in RRC connected mode is 5 MHz.
· For Rel-14 BL UEs in CE mode A, the single larger maximum UE channel BW for PUSCH in RRC connected mode is 5 MHz.
· For the 5-MHz BL UE,
· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.
· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.
· For Rel-14 non-BL UEs in CE mode A and CE mode B, the larger maximum UE channel BW for PDSCH in RRC connected mode is 5 or 20MHz.
· For Rel-14 non-BL UEs in CE mode A, the larger maximum UE channel BW for PUSCH in RRC connected mode is 5 or 20 MHz.
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.
· Rel-14 capability signalling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.
· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.
· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.
· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.
· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz
In this document we provide our views on the DCI signalling of PDSCH/PUSCH resource allocations for the support of larger data channel bandwidth in FeMTC.

2. Resource Allocation Design
2.1. Downlink
For better coexistence with eMTC UEs and better reuse of existing eMTC signalling procedures, it is desirable to 
1) Indicate the larger BW support for FeMTC UEs in DL in terms of number of narrowband (NB) regions rather than supporting all number of available RBs in a particular bandwidth, and 
2) Have the FeMTC resource allocation to be restricted to RBs that are part of narrowbands as defined in eMTC.
We hence propose to use number of NBs supported as part of the UE capability indication.
Proposal 1: Use number of DL NBs supported as part of the UE capability indication instead of the absolute number of DL RBs in the supported BW. For the 5MHz BL UE, the maximum allocatable PDSCH channel bandwidth is 24 PRBs.

For the resource allocation, we propose that allocation be done in units of NBs and a common set of RBs within each narrow band. 
For the NB allocation, full flexibility in allocating any combination of up to  NBs is desired, where  denotes the maximum number of contiguous NB regions the UE can support monitoring simultaneously. However, to reduce the payload size we could also consider indicating the subset of NBs allocated using combination of one or more of type 0, type 1, or type 2 resource allocation types. 
To indicate which RBs of the selected NB regions are to be used, the existing RIV based type2 resource allocation indication for the RBs within a NB region can be used, with the same RIV being assumed for all the NB regions that are allocated.
Proposal 2: PDSCH allocation should be done in units of NBs and a common set of RBs within each narrow band. 
· Full flexibility is desirable to allocate the NBs. However, reuse of type0/1/2 allocation to determine the NB allocation can also be considered to reduce the payload. 
· Existing RIV based type2 resource allocation indication can be reused to indicate the allocated RBs within a NB region.

Such a design allows for example to schedule 6 RBs distributed across the bandwidth supported by the UE which could extract performance benefit from frequency diversity. Approaches that don’t increase the DCI size limit the scheduling flexibility significantly potentially compromising on such benefits.

2.1.1. NB allocation indication with full flexibility for PDSCH
The total number of possible allocations can be summed up as follows ( is the number of NBs in the system BW):
1. The first allocated NB is within 0 to  . The remaining  NB locations after the first allocated NB can be arbitrarily allocated, leading to  possibilities.
2. The first allocated NB is within  to . This means, the allocation is less than or equal to  NBs, with arbitrary subset of the last ) NBs allocated. This is possible in  ways.
So, the overall number of possibilities is   .  
An efficient indication for this allocation can be achieved for example by using the following approach for UE supporting 5MHz. Similar methods can be defined for other BW combinations as well.

Case 1: 5MHz UE in 5 MHz BW
Replace startNB in current eMTC DCI payload with a 4 bit bitmap for each of the 4 NBs
Case 2: 5MHz UE in 10/15/20MHz BW
Indicate the startNB, along with -bit bitmap. The set of NBs that are allocated can be derived as follows:
1. The NB with startNB index value is the first NB of the allocation.
2. The NBs from startNB+1 to startNB+ are used as per the 3 bit bitmap
The existing eMTC DCI payload already contains the NB index, which can now be used as the start NB. In addition to this, we need a 3-bit bitmap to be added to the payload.
Full flexibility in other cases in allocating any NB, such as 20MHz UE BW in a 20MHz system BW would require many bits to be added in the DCI and hence other approaches that reduce the flexibility can be considered for them. 
2.2. Uplink
For systems BW which have odd number of RBs (15MHz and 5MHz), the RBs associated with all the NBs don’t contain the RB at the centre. Due to this, and necessity of contiguous UL allocations for lower PAPR, it is preferred to have the PUSCH allocation as well as the max channel BW for PUSCH indicated in number of RBs instead of number of NBs. 
Proposal 3: Use number of RBs supported as part of the UE capability indication for PUSCH allocation. The maximum allocatable PUSCH channel bandwidth is 25 PRBs.
For PUSCH resource allocation we consider two options: 
1. Option 1: With the condition that the allocation in RBs has be of the form 2ax3bx5c where a, b, c are non-negative integers, we have only 16 possible allocation sizes for a UE BW of 5MHz. And assuming the allocation can start on any RB, we need 11 bits to signal the allocation (4 bits for the allocation size, and 7 bits for the RB start).
2. Option 2: Define two/three/four 5MHz subbands for 10/15/20MHz system BW. And restrict the PUSCH allocations to fall within one of these 5MHz subbands (like in the release 13 eMTC NB definition and resource allocation) and also ensure they are in contiguous RBs. With this definition, we could signal the UL allocation with an index for the 5MHz subband, and an RIV similar to the 5MHz system BW. For 20MHz system BW, this would mean 11 bits (2 bits for the 5MHz subband indication and 9 bits for the RIV). Here too, similar to option1, if we use the fact that only 16 possible allocation sizes are possible for UE BW of 5MHz, we can reduce the number of bits to signal to 10 bits. 

Given the flexibility option 1 provides, we prefer to go with option 1.

Proposal 4: For UEs supporting maximum BW of 5MHz, PUSCH resource allocation can start on any RB and will be signalled in DCI using 7 bits. Further, the number of RBs is signalled using 4 bits, where each of the 4 bit value maps to one of the 16 valid number of RBs = {1, 2, 3, 4, 5, 6, 8, 9, 12, 15, 16, 18, 20, 24, 25}.
For UEs supporting maximum BW of 20MHz, we could follow the above procedure. If we enumerate the possible allocation sizes in RBs, we have 34 possible resource allocation sizes and with any of the 100RBs as a start RB with the constraint that the allocated number of RBs should be available from the start RB till 100th RB (for example, with 100RB allocation, start RB cannot be greater than 0), we need not more than 12 bits. However, if we go with the existing DCI payload definition, we need 13 bits. We prefer to go with the legacy approach even though we could save 1 bit on the DCI payload with the actual allocation size/start possibilities.

Proposal 5: For UEs supporting maximum BW of 20MHz, PUSCH resource allocation signalling shall follow the legacy LTE procedure, that is, RIV based approach.



3. Hopping
It is desirable to reuse the same hopping mechanism as in release 13 for easier coexistence of eMTC and FeMTC UEs. It is possible that with certain hopping configuration parameters, due to hopping, part of the PDSCH RBs are on one edge of the system BW, 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.

Proposal 6: Follow the eMTC PDSCH hopping procedure to define the hopping procedure for the FeMTC PDSCH with larger BW support, by repeating the procedure for all of the allocated NB regions. If the allocated RBs wrap around in frequency and UE cannot monitor both portions due to its bandwidth capability, UE should choose the portion with larger number of RBs. If both portions have equal number of RBs, UE could pick the lower frequency portion always.

Frequency hopping for the PUSCH, since the UL allocation can start on any RB (as per option 1 proposal in section 2.2), we can follow the similar procedure to that of the PDSCH frequency hopping.
If we go with option 2 for our PUSCH resource allocation definition, then the frequency hopping can be restricted to units of 5MHz subbands.

4. PDSCH Repetition in frequency domain
In applications like VoLTE, the coverage enhancement that can be achieved using CE modes is limited as the rate of arrival of the VoLTE packets limits the PDSCH repetition to up to 16 (assuming one packet every 40ms) in Half Duplex FDD. With increased BW support from the UE, the coverage can be improved by introducing new MCS levels with reliability better than the existing lowest MCS level (MCS 0). Alternately or in addition, a new repetition value field can be introduced which indicates repetition in frequency domain. Repetition could be in units of RBs. To account for deep fades over multiple RBs, the entire PDSCH should be repeated as one entity instead of each part repeating separately. That is, if PDSCH without repetition requires N0 RBs, then perform the rate matching and allocation of the PDSCH over the first N0 RBs of the allocation, and then repeat the same for the next N0 RBs and so on until all the RBs in the allocation are used.
Proposal 7: Add support for repetition in the frequency domain. The rate matching should be done across a set contiguous allocated RBs and repetition should be distributed in frequency in blocks of the rate matched RBs.
5. Summary
In this contribution we present our views on the support of larger data channel bandwidth for eMTC. The proposals to support larger data channel bandwidth for eMTC devices are summarized below.
Proposal 1: Use number of DL NBs supported as part of the UE capability indication instead of the absolute number of DL RBs in the supported BW. For the 5MHz BL UE, the maximum allocatable PDSCH channel bandwidth is 24 PRBs.
Proposal 2: PDSCH allocation should be done in units of NBs and a common set of RBs within each narrow band. 
· Full flexibility is desirable to allocate the NBs. However, reuse of type0/1/2 allocation to determine the NB allocation can also be considered to reduce the payload. 
· Existing RIV based type2 resource allocation indication can be reused to indicate the allocated RBs within a NB region.
Proposal 3: Use number of RBs supported as part of the UE capability indication for PUSCH allocation. The maximum allocatable PUSCH channel bandwidth is 25 PRBs.
Proposal 4: For UEs supporting maximum BW of 5MHz, PUSCH resource allocation can start on any RB and will be signalled in DCI using 7 bits. Further, the number of RBs is signalled using 4 bits, where each of the 4 bit value maps to one of the 16 valid number of RBs = {1, 2, 3, 4, 5, 6, 8, 9, 12, 15, 16, 18, 20, 24, 25}.
Proposal 5: For UEs supporting maximum BW of 20MHz, PUSCH resource allocation signalling shall follow the legacy procedure, that is, RIV based approach.
Proposal 6: Follow the eMTC PDSCH hopping procedure to define the hopping procedure for the FeMTC PDSCH with larger BW support, by repeating the procedure for all of the allocated NB regions. If the allocated RBs wrap around in frequency and UE cannot monitor both portions due to its bandwidth capability, UE should choose the portion with larger number of RBs. If both portions have equal number of RBs, UE could pick the lower frequency portion always.
Proposal 7: Add support for repetition in the frequency domain. The rate matching should be done across a set contiguous allocated RBs and repetition should be distributed in frequency in blocks of the rate matched RBs.
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