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Introduction
The MTC WI [2] states to specify a low complexity UE category type that supports only 1.4 MHz RF bandwidth in downlink and uplink. However, as LTE system bandwidths are larger than 1.4MHz, the system bandwidth need to be divided into a multiple of narrow bands of 1.4MHz (6RBs). The definition of these narrowbands within the system bandwidth has been discussed in RAN1 in the last two meetings with the following agreements:
Agreement at RAN1#80bis:
· 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
Agreement at RAN1#81:
· 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 further how to define the narrowbands within the system bandwidth and how to achieve an efficient resource allocation signalling for the narrowbands for Rel-13 low complexity MTC UEs.


Definition of Narrowbands across System Bandwidth
During initial access, LTE UE needs to synchronise (i.e. symbol and frame timing synchronisations) with the cell by undertaking a cell search procedure. The cell search procedure includes the synchronisation signals and (i.e. PSS and SSS) and broadcasted system information (i.e. PBCH) which are transmitted in the centre 1.4MHz (6RBs).
RAN1 agreed that no modifications are required for PSS/SSS to support Rel-13 Low Complexity MTC UEs in normal coverage and in enhancement coverage. Further, it was agreed that the legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage. Therefore, during cell search procedure, MTC UE needs to read the existing PSS/SSS and PBCH which locate at the centre narrow bandwidth of 6RBs.
Moreover, it was agreed that the PSS/SSS/PBCH are independent of any narrowbands and in case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be re-tuned to the center 72 subcarriers (i.e. centre 6RBs). Based on this agreement, the PSS/SSS/PBCH may span across two narrowbands. In this case, collision handling procedure may need to be specified where transmission of PSS/SSS/PBCH are prioritized.
It is already agreed that a narrowband is defined as a set of contiguous PRBs. However, the main issue is how to divide the system bandwidth into a number of narrowbands which are not overlapping and how to make numbering for these narrowbands.
Sub-band Positions and Numbering:


Figure 1 shows options for narrowband positions and location of remaining PRBs (i.e. partial subband). This is described for DL, but, it is applicable for uplink as well, just change  to.
[image: ]


The total number of sub-bands in the system bandwidth is of whichare whole 6-PRB sub-bands. 

In the case that  there is one ‘partial’ sub-band that contains fewer than 6 PRBs. We consider two options for the placement of this partial sub-band:
A. The partial sub-band is the one closest to the end of the system bandwidth
B. The partial sub-band is in (or near) the middle of the system bandwidth

We further consider two ways of numbering the sub-bands:
1. Sub-bands are numbered in order of increasing PRB number
2. Sub-bands are numbered working from the edges of the system bandwidth to the middle

Note that in all cases we assume that if there is a partial sub-band then it is assigned number. In addition, we assume that the partial sub-band will not be used for frequency hopping, but can be used for dynamic assignment to other UEs.




Let  be the first PRB of sub-band k where. This is defined in the table below for each of the four combinations, and also illustrated on Figure 2 above ( and).
Table 1. Options for Sub-band Placement and Numbering
	Options 
	
     (i.e. first PRB of sub-band k)

	1A
	


	1B
	







	2A
	






	2B
	












Proposal 1: Consider to define the total number of sub-bands in the system bandwidth isof whichare whole 6-PRB sub-bands. 

Resource allocation signalling for narrowbands
Operators may allocate a separate carrier for MTC, so, it is desirable that all available resources in the carrier to be utilized for MTC UEs. As discussed above, there are a number of remaining resources (i.e. partial subband) that are less than 6PRBs if number PRBs in the system BW are not divisible by 6. These resources should be scheduled to the MTC UEs. There are at least two possible solutions as follows:




Solution 1: First solution is to apply Type 2 resource allocation (Type 2 RA). The equation of Type 2 RA is bits where is 6. In this case, the maximum resource indication value (RIV) is 20 which needs 5bit binary representation. The PRBs in the last subband which contains less than 6RBs can be indexed starting from the lowest available PRB when utilising Type 2 resource allocation. The total signalling overhead can be calculated from number of subbands and Type 2 RA as bits.  
Solution 2: Another possible solution is apply joint encoding of the allocated subband index and Type 2 resource allocation. The joint encoding will reduce the signaling overhead compare to previous solution 1. The overhead reduction is achieved by using the unused RIV values (21-31) of every narrowband, hence reducing the total number of bits to represent the subband index and resource allocation signaling.
Joint Encoding of Subband index and Resource Indication Value (JESRIV) is given by:


Where RIV is given by legacy Type 2 resource allocation and k is the index of the allocated subband.
At the receiver, to get subband index and RIV value, the decoder can be implemented as follows:


     and   


The overhead can be calculated as bits where.
Table 2: Overhead comparison of Solution 1 and 2
	System BW

MHz ()
	

Solution 1: Separate signalling of Subband index and Type 2  resource indication = 
	

Solution 2: Joint Encoding of Subband index and Resource Indication =bits where

	3 MHz (15 RB)
	2+5 = 7
	6

	5 MHz (25 RB)
	3+5 = 8
	7

	10 MHz (50 RB)
	4+5 = 9
	8

	15 MHz (75 RB)
	4+5 = 9
	9

	20 MHz (100 RB)
	5+5 = 10
	9



Proposal 2: Consider joint encoding of narrowband index and resource allocation for MTC in Rel-13 as follows:


Conclusion
In this contribution, we have discussed how to define the narrowbands within the system bandwidth and how to achieve an efficient resource allocation signaling for the narrowbands for Rel-13 low complexity MTC UEs. We have the following proposals:



Proposal 1: Consider to define the total number of sub-bands in the system bandwidth asof whichare whole 6-PRB sub-bands. 

Proposal 2: Consider joint encoding of narrowband index and resource allocation for MTC in Rel-13 as follows:
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Figure 1:Options for narrowband positions 

and partial subband (10MHz case)

Figure 2: Numbering options for narrowbands (10MHz case)
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