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Introduction
With the Rel.13 new WI “further LTE physical layer enhancements for MTC”, it was agreed in previous meeting that the MTC UE bandwidth was reduced to 1.4MHz in downlink and uplink. With the reduced bandwidth, UE can only transmit and receive at most 6PRBs, thus that PRB group definition need to be defined.
In RAN1#81, some of agreements on narrowband were agreed as showing below, 
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

In this contribution, we discuss and share our views on the remaining issues of narrowband definition.
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Narrowband definition
It was agreed in RAN1#80bis meeting that one narrowband is 6PRBs and FFS on other narrowband size(s). Other narrowband size(s) is mainly considered from two aspects; one aspect is trying to fully use all PRBs in the system bandwidth. As showing in table1, if only 6PRBs narrowband is defined, some PRB(s) could not be utilized by MTC. There are at most 4PRBs unusable for MTC in 20MHz bandwidth. However these PRB(s) can still be scheduled for legacy UEs. Another aspect is that the PRBs in narrowband is aligning with PRBs for PSS/SSS/PBCH transmission and reception, especially considering the system bandwidth with odd number of PRBs, then data channel can be transmitted in the PRBs as the same as the PRBs used for PSS/SSS/PBCH. In case the centre narrowband is 5PRBs for system bandwidth with odd number of PRBs, as shown in figure 1, total 8PRBs are unusable for MTC in 5MHz bandwidth, and 10PRBs in 3MHz bandwidth (no narrowband with 6PRBs available). So it seems not efficient to define narrowband other than 6PRBs. Furthermore it was agreed that if UE need to monitor PSS/SSS/PBCH, UE can retune to the centre 72 subcarriers, thus there is no strong motivation to define narrowband size other than 6PRBs.
	System Bandwidth
	20MHz
	15MHz
	10MHz
	5MHz
	3MHz
	1.4MHz

	
	100PRBs
	75PRBs
	50PRBs
	25PRBs
	15PRBs
	6PRB

	Unusable PRBs for MTC
	4
	3
	2
	1
	3
	0


Table 1: unusable PRBs for MTC in different bandwidth
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Figure 1 central narrow is 5PRBs for 5MHz and 3MHz system bandwidth
Proposal 1: LC-MTC narrowband always occupies 6PRBs for any system bandwidth.
In case narrowband is always defined with 6PRBs, one issue need to further study is how to allocate the unusable PRBs. Basically there are 4 possible options as showing in figure 2. Option 1 is that unusable PRBs allocate in one edge of system bandwidth; for option 2, unusable PRBs are in the both sides of system bandwidth; for option 3, unusable PRBs are in the central of system bandwidth; for option 4, the narrowband is not predefined in the specification, narrowband are arbitrary configured by network.

[image: image2]
Figure 2: narrowband allocation
For the first three options, the narrowband index can be fixed in the specification, which narrowbands are actually scheduled for data transmission can be signalled to the MTC UE. For option 1, some of the PRBs in the unusable PRB region could be scheduled for legacy and MTC PUCCH transmission; correspondingly PRBs in the narrowband#1 in figure 2 need to be reserved for PUCCH transmission. It causes additional PRBs unusable for MTC. For option2, it seems more efficient from UL resource utilization point of view, unusable PRBs are evenly distributed on the edge of system bandwidth. It is similar as the PUCCH design and these unusable PRBs can be scheduled for PUCCH transmission. For Option 3, to avoid collision between MTC PUSCH transmission and PUCCH transmission, some of the PRBs in narrowband#1 and narrowband #16 are reserved for PUCCH scheduling. Comparing with option1, more PRBs are unusable for MTC. Even if the usable PRBs in narrowband#1 and #16 could be scheduled for MTC PUSCH transmission, the scheduling complexity will increase with uplink frequency hopping. For option 4, the network has the fully flexibility to allocate the narrowband with the cost of more bits added on the MTC SIB. 
As agreed in last meeting, the same set of narrowbands are specified for both DL and UL at least for TDD, this agreement could also apply to FDD to simply the narrowband definition in the specification. Based on above analysis, we have the following proposal.
Proposal 2: the DL and UL narrowbands are aligned and fixed in the specification; the unusable PRBs are evenly distributed on the both edges of system bandwidth.
3
Conclusion
In this contribution, we discuss the narrowband definition for LC-MTC. The following proposals are made.
Proposal 1: LC-MTC narrowband always occupies 6PRBs for any system bandwidth.
Proposal 2: the DL and UL narrowbands are aligned and fixed in the specification; the unusable PRBs are evenly distributed on the both edges of system bandwidth.
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