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1 Introduction
In RAN1#80bis meeting, the following agreements were reached on narrow-band for Rel-13 low complexity UEs.
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
In this contribution, discuss some detailed design of narrowband for Rel-13 low complexity UEs.
2 Discussion

Central narrow-band
It was agreed that a set of DL and UL narrow-band(s) are known to UE and the definition of narrow-band(s) is specified in the spec. Among the narrow-band(s), there should be one narrow-band whose center frequency is the same as carrier frequency and whose size is 72 subcarriers considering PSS, SSS and PBCH acquisition and intra-frequency measurement. When the system bandwidth comprises an even number of PRBs, the central narrow-band includes the central 6 PRBs. When the system bandwidth comprises an odd number of PRBs, the central narrow-band includes 5 whole PRBs only as analyzed in [1].
Proposal 1: The size of central narrow-band is 72 subcarriers and the center frequency of the central narrow-band is the same as carrier frequency.
Hopping pattern
Frequency hopping was agreed to be supported for several physical channels and messages. Basically when frequency hopping is applied, frequency location would be switched every Y consecutive subframes.

Here we would like to discuss the frequency hopping pattern design for TDD. If the frequency location of the downlink narrow-band is different from the frequency location of the uplink narrow-band for a Rel-13 low complexity TDD UE, the UE needs to retune to another narrow-band every DL-to-UL or UL-to-DL switching time. Assuming 1ms retuning time and TDD UL-DL configuration 1, the frequency hopping is illustrated in Figure 1.
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Figure 1: Independent frequency hopping design for TDD (1 ms retuning time, UL-DL configuration 1)
It can be seen that the UE needs to retune 4 times every radio frame which is quite frequent. During retuning time, the UE cannot transmit/receive data so that frequent retuning would prolong the transmission/reception time and increase UE power consumption.
Observation 1: Independent frequency hopping pattern design for UL and DL would require Rel-13 low complexity TDD UE to retune to another narrow-band every DL-to-UL or UL-to-DL switching time.
In order to minimize the number of tuning for TDD, a straightforward approach is to design a common frequency hopping pattern for UL and DL as illustrated in Figure 2.
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Figure 2: Common frequency hopping design for TDD (1 ms retuning time, UL-DL configuration 1)

Before UE retunes to another narrow-band, the DL and UL operate on the same frequency so that the number of retuning is minimized. 
Proposal 2: Strive to minimize the number of retuning by designing a common frequency hopping pattern for UL and DL for TDD.

3 Conclusions

In this contribution, we discuss some detailed design of narrowband for Rel-13 low complexity UEs with the following proposals.
Proposal 1: The size of central narrow-band is 72 subcarriers and the center frequency of the central narrow-band is the same as carrier frequency.

Proposal 2: Strive to minimize the number of retuning by designing a common frequency hopping pattern for UL and DL for TDD.
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