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1 Introduction

Allocation of narrow-bands (sub-bands of 6 PRBs) was discussed in RAN1#81 and the following agreements were reached:
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
This contribution considers remaining issues related to the allocation and signaling of narrow-bands. 

2 Narrow-bands for Rel-13 Low Cost UEs
2.1 Location of Narrow-bands
Considering a (DL or UL) BW of 
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 PRBs, based on the agreements that a narrow-band (NB) consists of 6 PRBs, that NBs are non-overlapping, and that PRBs in a NB are aligned with legacy PRB mapping, the number of non-overlapping NBs is 
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. The number of unusable PRBs is 
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. For 3/5/10/15/20 MHz, the number of unusable PRBs is respectively 3/1/2/3/4 (based on the agreement from RAN1#82, there is no restriction that one NB is placed on the center 6 RBs of the DL/UL system BW). Therefore, with the exception of a 3 MHz BW, the number of unusable RBs is a small percentage of the total number of RBs and there is practically no resource waste as unused RBs can be used for legacy UEs or, alternatively in the DL, for power boosting. Introducing offsets to align the NBs with the RBG indexing in the DL is not necessary as a fractional RBG (e.g. 1-2 RBs) can be used for power boosting.
Several alternatives exist for the NB-to-PRB mapping, including the following 3 alternatives (depicted in Figure 1):

a) Start from the lowest PRB index towards the highest PRB index (and exclude 
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 PRBs with the highest PRB indexes)
b) Start from the lowest PRB index after excluding 
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 PRBs with the lowest indexed PRB (and  exclude 
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 PRBs with the highest indexes)

c) Start in an alternating manner for each edge of the system BW and continue towards the center (and exclude 
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 PRBs in the middle of the system BW) 
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Figure 1: Alternatives for NB Locations in a DL/UL System BW

One aspect of the agreement is that, at least for TDD, the same set of NBs is specified for both DL and UL. No material motivation has been identified for having different NBs for DL and UL in FDD. Therefore, a same definition for NBs can be considered for both FDD and TDD.

Alternative 1: For the UL BW, one shortcoming is that it leaves unused a number of PRBs with the highest index. These PRBs are typically used for PUCCH transmissions. To maximize resource utilization, it is preferable to allow multiplexing of PUCCH transmissions from Rel-12 and Rel-13 low cost UEs (at least non-coverage limited ones to avoid near-far effects). This is rather straightforward to do for periodic CSI or SR transmissions or for HARQ-ACK transmissions in response to SPS PDSCH. Theoretically, this is also possible for HARQ-ACK in response dynamically scheduled PDSCH but will involve some rather complex scheduler restrictions. For the DL BW, one shortcoming is for PDSCH transmissions that can be power boosted where it is preferable to use RBs in the interior of the DL system BW. The main issue is spurious emissions as the transmitted signal must comply with strict ACLR requirements. Avoiding significant power boosting at the band edges can simplify filtering design to attenuate OOB emissions without affecting in-band performance. 
Alternative 2: 1-2 PRBs (depending on the system BW) at each band edge are not used for both DL and UL. Re-use of legacy PUCCH resources is allowed with support of frequency hopping. The loss of 1-2 RBs at each band edge is not significant for PUCCH resource re-use (e.g. can be fully assigned for P-CSI/SR for Rel-12 UEs) and does not practically impact frequency diversity. For the DL system BW, power boosting at the band edges is avoided. 

Alternative 3: A discontinuity of NBs is placed in the middle of the system BW. For the UL system BW, a shortcoming is the increased likelihood of unusable PRBs as PUCCH PRBs for Rel-12 will typically not be possible to fully re-use while RBs in the middle of the UL BW can always be used. For the DL system BW, a shortcoming is the likelihood of required power boosting at the band edges. 
Based on the above analysis, the second alternative is preferred.

Proposal 1: For system BW of 
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 PRBs, the NB allocation starts from the lowest PRB index after excluding  the 
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 PRBs with the lowest index.
2.2 Signaling of Narrow-bands
At least for UEs with coverage enhanced operation, the NBs can be UE-specifically configured except for the NBs used for UE-common control signaling such as SIB, RAR, paging, CSS, and PUCCH where broadcast signaling through SIB-1 is needed. Due to the requirement to reduce the SIB-1 size as much as possible (and also reduce UE-specific RRC configuration overhead), the signaling size to indicate the NBs should be minimized. For the PUCCH, instead of indicating the NB and then the PRB within the NB, it is simpler to directly indicate the PRB in the same manner as for indicating the NB for DL channels. For dynamic PDSCH scheduling to a UE with normal coverage and possibly ‘small enhanced’ coverage, the NBs can be signaled in a respective DCI format by enumeration [1].
Bit-map signaling provides the largest flexibility at the expense of requiring the largest size. For a system BW of 20 MHz, a bit-map of 16 bits is required to indicate any of 
[image: image11.wmf]16

NB

=

M

 NBs for the DL and another bit-map of 16 bits is required for the UL (assuming that the flexibility is provided, at least for FDD, to independently configure the DL NBs and the UL NBs). This signaling overhead is large and becomes excessive if different NBs need to be associated with different coverage enhancement (CE) levels and/or with different channels. 
Given that most gains from frequency hopping are obtained when a channel is transmitted over 2 disjoint NBs, a similar approach as for Rel-12 PUCCH transmission can apply. If the number of NBs, out of 
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 NBs, for a channel transmission is restricted to 
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 NBs, combinatorial indexing can be used and 
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 bits are required. For a system BW of 20 MHz (
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), the number of bits is 7. This number can be further reduced by assuming a mirroring (e.g. similar to the PUCCH) of the 2 NBs and the number of bits then is 
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. For a system BW of 20 MHz (
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), the number of bits is 3 which is manageable. 
As NBs can be shared among transmissions of channels corresponding to different CE levels (e.g. transmissions for a first CE level use a first NB when transmissions for a second CE level use a second NB and the reverse), the NB for the first transmission (repetition) needs to also be signaled or be implicitly determined.
Proposal 2: Up to 2 NBs can be configured for a DL channel transmission or for a PUSCH transmission. The 2 NBs are symmetric relative to the DL/UL system BW. 2 PRBs are configured for PUCCH transmission. The NB or the PRB for the first repetition is implicitly or explicitly signaled.
Due to the 1 Rx antenna of Rel-13 low cost UEs, CE can be required for cell-edge UEs that are interference limited (not path-loss limited). Power boosting of M-PDCCH/PDSCH transmissions is ineffective in case adjacent cells use common NBs. In addition to being undesirable, cell planning will be difficult as even for a system BW of 20 MHz there are only 8 NBs on each half of the BW (assuming use of frequency hopping) and both M-PDCCH and PDSCH can be transmitted with power boosting in different NBs in a same subframe. To limit the impact of collisions, the configured pair of NBs should be relative to a time reference for first number of X repetitions and a different pair of NBs should be used for a second number of X repetitions (time hopping of a NB pair). 

Proposal 3: The configuration of a pair of NBs is relative to a reference time and the pair of NBs hops in time among the possible NB pairs.   

3 Conclusions

This contribution considered the allocation and signaling of narrow-bands for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: For system BW of 
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 PRBs, the NB allocation starts from the lowest PRB index after excluding  the 
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 PRBs with the lowest index.
Proposal 2: Up to 2 NBs can be configured for a DL channel transmission or for a PUSCH transmission. The 2 NBs are symmetric relative to the DL/UL system BW. 2 PRBs are configured for PUCCH transmission. The NB or the PRB for the first repetition is implicitly or explicitly signaled.

Proposal 3: The configuration of a pair of NBs is relative to a reference time and the pair of NBs hops in time among the possible NB pairs.   
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