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1 Introduction

In 3GPP RAN1#78 bis, it has been agreed that the Rel-13 low complexity UE supports narrow bandwidth operations of 6 PRBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications. In 3GPP RAN1#79, it has been agreed that:

· No RAN1 modifications are required for PSS/SSS to support Rel-13 Low Complexity MTC UEs in normal coverage and in enhancement coverage
· Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.
In this contribution, we discuss the issue of how to define a 6-PRB subchannel with the cell system bandwidth, such that the basic requirements agreed above are satisfied.

2 Discussion
Let a subchannel be any of the 6-PRB group (i.e., 1.4 MHz reduced bandwidth) the Rel-13 MTC UE can operate on. Since a UE is only capable of operating over a reduced BW of 6 PRBs, the DL system bandwidth needs to be divided into a number of MTC subchannel. While each subchannel can be potentially used for serving a MTC UE with 6 PRBs receiving bandwidth, the PRBs in a subchannel can be used for other non-MTC UE when not occupied by MTC UEs in a given subframe. 
2.1 Central subchannel 
Label the central subchannel as subchannel 0. Subchannel 0 is needed for PSS/SSS/PBCH acquisitions and adjacent cell measurements.  Other subchannels can be defined to provide additional system capacity for MTC UEs as well as frequency diversity if a MTC UE is configured with frequency hopping. 

For illustration purpose, each DL subchannel can be defined by a frequency offset from the center of the system bandwidth (i.e. the carrier frequency).  Figure 1 and Figure 2 show two examples of mapping MTC subchannels in a 10MHz and 5MHz systems, respectively.
As illustrated in Figure 1 and Figure 2, the central subchannel, subchannel 0, always covers the central 72 subcarriers, so that the MTC UE can receive PSS/SSS/PBCH from the eNB. The central 72 subcarrier may or may not constitute 6 integer number of PRBs. Specifically, a system BW of an even number of PRBs have 6 whole PRBs in the central 72 subcarriers, while a system BW of an odd number of PRBs only have 5 whole PRBs in the central 72 subcarriers.  
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Figure 1: An example of MTC subchannel mapping in a 10MHz system
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Figure 2: An example of MTC subchannel mapping in a 5MHz system

This is shown in Table 1 for the defined LTE system bandwidths. As shown, for system bandwidths of 3 MHz, 5 MHz, 15 MHz, subchannel 0 includes two halves of a PRB at the higher and lower end of the 1.4 MHz. As a result, for system bandwidths of 3 MHz, 5 MHz, 15 MHz, the maximum number of whole PRBs in subchannel 0 that can be allocated to the MTC UE is 5 PRBs, if subchannel 0 is used for control/data transmission other than PSS/SSS/PBCH. 

Table 1: PRBs occupied by subchannel 0

	System BW (MHz)
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	Indices of PRBs occupied by subchannel 0
	Whole PRBs allocable to MTC UE

	1.4
	6
	#0 – #5
	#0 – #5 (6 PRBs)

	3
	15
	Half of PRB #4, #5 – #9, half of PRB #10
	#5 – #9 (5 PRBs)

	5
	25
	Half of PRB #9, #10 – #14, half of PRB #15
	#10 – #14 (5 PRBs)

	10
	50
	#22 - #27
	#22 - #27 (6 PRBs)

	15
	75
	Half of PRB #34, #35 - #39, half of PRB #40
	#35 - #39 (5 PRBs)

	20
	100
	#47 - #52
	#47 - #52 (6 PRBs)


Observation:

· For system bandwidths of {3 MHz, 5 MHz, 15 MHz}, there are 5 whole PRBs allocable to a MTC UE in the central subchannel.

· For system bandwidths of {1.4 MHz, 10 MHz, 20 MHz}, there are 6 whole PRBs allocable to a MTC UE in the central subchannel.

Proposal:

· Transmission in the central 6 PRBs other than PSS/SSS/PBCH is designed to take into account the even vs odd number of PRBs in the system BW.

2.2 PRB grouping across system bandwidth
While subchannel 0 has to be aligned with the central 72 subcarriers of the system bandwidth, the definition of MTC subchannels other than subchannel 0 can be flexible. Since the number of PRBs in the system BW, 
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, is not a multiple of 6 (other than the trivial case of 1.4 MHz), the PRB grouping has to be defined properly. One important consideration is if the PRB grouping should be non-overlapping, or with overlapping allowed.
Option 1: Non-overlapping grouping

One option is to define non-overlapping consecutive subchannels. This is illustrated in Figure 1 for system bandwidth of 10 MHz, and in Figure 2 for system bandwidth of 5 MHz. Note that for the 5 MHz system, since PRB #9 and #15 cannot be allocated to MTC UE of subchannel 0, PRB #9 and #15 can be defined to be part of subchannel 1 and 2, respectively. 
It is noted that since most system bandwidths 
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 are not multiples of 6 (PRBs), defining consecutive non-overlapping subchannels will make it impossible to allocate some PRBs to the MTC UE, such as the PRBs at the highest and lowest ends of the BW in Figure 1 and Figure 2. However, from the cell-wide resource usage point of view, this is not an issue, as these PRBs can be allocated to non-MTC UEs.
Option 2: Potentially overlapping grouping

Another option is to define subchannels that are not consecutive, and/or can overlap in RBs. An example of such definition of MTC subchannels in a 5MHz system is shown in Figure 3. Defining overlapping subchannels has the advantage of a larger number of total subchannels, thus allowing more flexibility in DL PRB allocation. Since most system bandwidths do not have  
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 that is a multiple of 6 (PRBs), defining non-consecutive and/or overlapping subchannels makes it possible to assign any PRB in the system to a MTC UE.

On the other hand, the trade-off is that the eNB needs to take care to avoid collision between two UEs. That is, two overlapping subchannels are not allocated to two MTC UEs in the same subframe, or at least not allocated to the same set of overlapping PRBs. For example, in Figure 3, PRB {#10 #11} cannot be allocated to a UE occupying subchannel #2 and another UE occupying subchannel #0 in the same subframe.
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Figure 3: An alternative example of MTC subchannel mapping in a 5MHz system

Considering the benefits and issues of the two options above, Option 1 of non-overlapping grouping is simpler and incurs no system-wide capacity loss. Thus Option 1 is preferred.
Proposals:

· Define non-overlapping PRB grouping across the system BW.

3 Conclusions
In this contribution we discussed the issues related to PRB grouping for Rel-13 LC/CE UEs. Based on the analysis, we have the following proposals.
Proposals:

· Transmission in the central 6 PRBs other than PSS/SSS/PBCH is designed to taken into account the even vs odd number of PRBs in the system BW.

· Define non-overlapping PRB grouping across the system BW.
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