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1 Introduction
 In RAN1#81 meeting, there were some agreements related to narrow band resource allocation for Rel-13 MTC low complexity UEs: 

R1-153567
WF on Narrowband Definition for Rel-13 MTC UEs
Huawei, HiSilicon
Agreements:
· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands
· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW
· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

R1-153689 Way Forward on Resource Allocation for PDSCH

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

· This doesn’t preclude predefined frequency hopping 
(The agreements continue but the remaining is omitted.)

R1-153649
WF on Frequency Hopping

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 narrow-band (one retuning per narrow-band)

· 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 remaining FFS items in the agreements above and show our views.
2 Discussion
In the following, we discuss the FFS items mentioned in the WFs.

Discussion about the narrow-band definition [1]

· Should all PRBs be included in narrow-bands?
In the previous meetings, it was discussed how the 6PRB narrow-bands are defined. A concern of not allocating all PRBs to narrow-bands is the degradation of resource utilization of the system BW. However, in the coexistence scenario with legacy UEs with higher UE categories, such unused PRBs can be utilized for the communication of UEs with higher UE categories. Therefore, the impact on the resource utilization would not be large in such scenarios. Therefore, it is preferable to keep uniform definition of narrow-band configuration  rather than forcing the full utilization of all the PRB resources for MTC communications. 
· How are the narrow-bands defined across the system BW?
The main motivation of defining narrow-bands across system BW can be to obtain larger frequency diversity gain. For this motivation, the narrow-bands should be as uniformly distributed across the system BW as possible. One simple solution for FDD DL can be reserve 6 PRB orthogonally from lower PRB index toward the maximum PRB index. From such defined narrow-bands, eNB should be able to configure the narrow-bands which are used for MTC communication to maximize frequency diversity gain.
· Is an offset applied for aligning the narrow-bands with PUCCH and PRACH?
Since the resource region used for PUCCH or PRACH may not be aligned with to-be-defined narrow-bands, such offset may be beneficial to have flexibility to coordinate with legacy communication. The benefit of having the offset parameter depends on the definition of the uplink narrow-band configuration. Therefore, the necessity of the offset parameter should be discussed in conjunction with the definition of uplink narrow-band configuration.
Observation 1
Having undefined PRBs for narrow-bands does not necessarily lead to degradation of resource utilization.
Observation 2

The narrow-bands should be uniformly distributed across system BW.
Observation 3

An offset parameter to align PUCCH or PRACH with narrow-bands might be beneficial.
Discussion about the resource allocation [2]

· Is Case 2 necessary to define?
Case 2 can reduce control overhead for dynamic scheduling and therefore it should have some benefits compared with Case 1. In addition, with application of predefined frequency hopping, frequency diversity gain can be also obtained. On the other hand, it might be also needed to specify exceptional rule e.g. to avoid collision among HARQ retransmission and data transmission for other UEs. The concern about Case 2 can be the impact of such additional standardization work on the time budget of this WI.
Observation 4
The case 2 resource allocation can reduce control overhead compared with case 1. However, necessary standardization effort to specify case 2 should be discussed before it is agreed.
Discussion about frequency hopping [3]

· How should the frequency hopping granularity configured?
Trade-off between frequency diversity and channel measurement error should be considered in order to decide the frequency hopping granularity especially for PDSCH. Larger frequency diversity gain can be expected by applying frequency hopping. However, short measurement time within a narrow-band might lead to larger channel measurement error. Therefore, it is important to configure the frequency hopping granularity as short as possible while guaranteeing the minimum measurement accuracy requirement. Channel measurement error is severely affected  by the channel quality of UEs. Therefore, if a cell common granularity is applied, the frequency hopping granularity should be adjusted to the UE with the worst SNR level. Such configuration might not be desirable for UE dedicated channels from the frequency diversity perspective. Hence, it is desirable to configure the frequency hopping granularity for each coverage enhancement level for channels used for UE dedicated signalling. On the other hand, for cell common signalling, cell common granularity can be applied since the target SNR where the MTC communication is supported can be planned by network operators.
· Should we apply frequency hopping for LC UEs in non-CE?
There is still coverage degradation in LC UEs in non-CE compared with Cat-1 UEs and such degradation can be compensated by frequency hopping. In principle, it is desirable that LC UEs can achieve as high SNR level as possible in non-CE. Therefore, frequency hopping can be considered as one of the coverage enhancement techniques even in non-CE.
Observation 5

For UE dedicated signalling, different frequency hopping granularities should be applied depending on the SNR levels of UEs. 
Observation 6
Frequency hopping can be applied as supplemental techniques to improve link budget even for LC UEs in non-CE.
3 Conclusion
In this contribution, we discussed the remaining issues related to narrow-band configuration. We made the following observations:
Observation 1
Having undefined PRBs for narrow-bands does not necessarily lead to degradation of resource utilization.

Observation 2

The narrow-bands should be uniformly distributed across system BW.

Observation 3

An offset parameter to align PUCCH or PRACH with narrow-bands might be beneficial.

Observation 4
The case 2 resource allocation can reduce control overhead compared with case 1. However, necessary standardization effort to specify case 2 should be discussed before it is agreed.
Observation 5

For UE dedicated signalling, different frequency hopping granularities should be applied depending on the SNR levels of UEs. 

Observation 6
Frequency hopping can be applied as supplemental techniques to improve link budget even for LC UEs in non-CE.
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