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1 Introduction

Allocation of narrow-bands (sub-bands of 6 PRBs) was discussed in RAN1#80bis and the following agreements and working assumption were reached:
Agreements:
· A set of DL and UL narrow-band(s) are known to UE
· Definition of narrow-band(s) is specified in the spec
· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs
· One narrow-band size is 6PRB
· FFS on other narrow-band size(s)
· PRBs in a narrow-band are aligned with legacy PRB mapping
· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern
Working assumption:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· 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 

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

· FFS: details

This contribution considers remaining issues related to narrow-band allocation and DL/UL transmissions with repetitions for Rel-13 low cost UEs. 

2 Narrow-bands for Rel-13 Low Cost UEs
2.1 M-PDCCH/PDSCH
Based on the agreements that a narrow-band (NB) consists of 6 PRBs and that PRBs in a narrow-band are aligned with legacy PRB mapping, for 
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 PRBs in a DL system BW, the number of non-overlapping NBs is 
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. The PRB indexing can start from the lowest PRB index in the DL system BW and a number of 
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 highest indexed PRBs are not included in any NB.
Proposal 1: For a DL system BW of 
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 PRBs, there are 
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 non-overlapping narrow-bands of 6 PRBs that include PRBs starting from the lowest PRB index of the 
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The NBs can be UE-specifically configured except for the NBs used for UE-common control signaling such as SIB, RAR, paging, and CSS (if defined). Bitmap indexing or combinatorial indexing (if the number of NBs a UE can be configured is fixed) can be used. 

A UE needs to be configured NBs for both PDSCH and M-PDCCH transmissions. As there is no identified reason for the NBs to be different, a NB configuration can be common for M-PDCCH and PDSCH. This allows signaling overhead reduction and avoids requiring separate CQI feedback for a network to apply link adaptation for PDSCH and M-PDCCH transmissions.

Proposal 2: Bitmap signaling or combinatorial signaling can configure the narrow-bands to a UE. The same configuration applies for PDSCH and M-PDCCH.
Since frequency hopping for repetitions of PDSCH and M-PDCCH transmissions across the configured NBs is supported, the NB for the first repetition needs to be determined. For dynamically scheduled PDSCH, this can be through a field in the DCI format [2]. For SPS PDSCH or for M-PDCCH, the NB for the first repetition needs to also be configured (e.g. by separate bitmap signaling) in order to enable FDM of UEs in the same set of configured NBs. 
Proposal 3: For repetitions of a SPS PDSCH transmission or of an M-PDCCH transmission, bitmap signaling configures the narrow-band for the first repetition.
Within the configured NBs, the frequency hopping pattern can be the same as the one for SRS hopping (maximizes frequency diversity). For a UE configured with 
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 repetitions of a PDSCH transmission or of an M-PDCCH transmission and with 
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 NBs, where 
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, one issue to be resolved is whether or not a number of 
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 consecutive repetitions in a same NB is variable in order for the transmission to span all configured NBs. For example, when the UE is configured 
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 repetitions (by DCI), a value 
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 can be used so that  
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 while when the UE is configured 
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 repetitions, a value 
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 can be used so that  
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. As ensuring accurate channel estimation is more important than maximizing the frequency diversity order and for a simple transmitter/receiver design, it is preferable for the value of 
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 to be fixed even when this results to a UE not receiving in all configured NBs. It is FFS whether the value of 
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 is fixed in the specifications or is configured by the network. 
Proposal 4: Within the configured NBs, the frequency hopping pattern is same as the one for SRS hopping in Rel-12. 

Proposal 5: A UE always receives a PDSCH/M-PDCCH transmission in a narrow-band over a same number of consecutive subframes (FFS whether fixed in the specifications or configured) prior to hopping to another narrow-band regardless of the number of repetitions for the PDSCH/M-PDCCH transmission.   
For SIB-1 transmission, the narrow-bands can be implicitly determined by the DL system BW and the PCID [3]. For RAR transmission and for SIB-x (if any), x>1, the narrow-bands can be indicated in SIB-1. For CSS, if supported, the narrow-bands can be either implicitly determined as for SIB-1 or be indicated in SIB-1. 
2.2 PUSCH/PUCCH/SRS
For PUSCH and SRS, the NBs can be defined and configured similar to PDSCH/M-PDCCH. For UEs with coverage enhanced operation, PUSCH transmission is in one PRB. Several alternatives exist for signaling the PRBs for repetitions of a PUSCH transmission, both for SPS PUSCH and for dynamically scheduled PUSCH. A first alternative is to separately signal the NBs for the repetitions of the PUSCH transmission and then signal the PRBs within the NBs. A second alternative is to use a bitmap across the PRBs of the UL system BW. The signaling itself can be based on a bitmap, on combinatorial signaling if the number of NBs or PRBs is predetermined, or some additional restrictions can apply to reduce signaling overhead such as having the same number of NBs for PDSCH and PUSCH and using the NB with the same index for a first repetition of a PUSCH transmission. Although the signaling itself can be a RAN2 topic, RAN1 can discuss whether certain restrictions are meaningful from a PHY layer performance perspective in order to reduce signaling overhead as, for example, for the signaling used to configure EPDCCH PRB sets or reports CSI sub-bands.   
Proposal 6: Consider introducing a common signaling framework for narrow-bands of PDSCH/M-PDCCH transmissions and of PUSCH/SRS transmissions.   
For the PUCCH, the PRBs for repetitions of a PUCCH transmission can be indicated by a SIB. The PRB for the first repetition of a PUCCH transmission can be UE-specifically configured and can also depend on the coverage enhancement level for TDM of respective PUCCH transmissions. PUCCH transmission aspects and resource determination are discussed in [3].
3 Conclusions

This contribution the signaling of narrow-bands and the support of DL/UL transmissions with repetitions in narrow-bands for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: For a DL system BW of 
[image: image19.wmf]DL

RB

M
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 non-overlapping narrow-bands of 6 PRBs that include PRBs starting from the lowest PRB index of the 
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Proposal 2: Bitmap signaling or combinatorial signaling can configure the narrow-bands to a UE. The same configuration applies for PDSCH and M-PDCCH.
Proposal 3: For repetitions of a SPS PDSCH transmission or of an M-PDCCH transmission, bitmap signaling configures the narrow-band for the first repetition.
Proposal 4: Within the configured NBs, the frequency hopping pattern is same as the one for SRS hopping in Rel-12. 

Proposal 5: A UE always receives a PDSCH/M-PDCCH transmission in a narrow-band over a same number of consecutive subframes (FFS whether fixed in the specifications or configured) prior to hopping to another narrow-band regardless of the number of repetitions for the PDSCH/M-PDCCH transmission.   
Proposal 6: Consider introducing a common signaling framework for narrow-bands of PDSCH/M-PDCCH transmissions and of PUSCH/SRS transmissions.   
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