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1 Introduction
The objective of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz (6 PRBs) for data channel in baseband
In this contribution we discuss the impact of resource block granularity, which can substantially limit the scheduling flexibility of low complexity UEs.
2 Discussion
The UE bandwidth affects how the eNB may schedule the PDSCH transmission. According to the work item objective, a low complexity UE will only support reception of up to 1.4 MHz, corresponding to 6 PRBs.
RAN1#76 agreed that the 1000-bit TBS restriction should only be valid for unicast transmissions, while the maximum TBS for transmissions referenced by SI-RNTI, P-RNTI or RA-RNTI remains 2216 bits. It was observed that this larger TBS  may require a larger UE bandwidth (e.g. 15 PRBs) for successful transmission with sufficient coverage.

In general, for unicast downlink data payload, resource allocation types 0, 1, and 2 apply. For PDSCH referenced by SI-RNTI, P-RNTI, and RA-RNTI, the possible DCI formats are 1A and 1C, which are associated with resource allocation type 2 only.
2.1 Resource allocation type 0
For resource allocation types 0 and 1, resource block group (RBG) size P is shown in Table 1 (cf. Table 7.1.6.1-1 of [2]). Due to the limitation of RBG granularity, only certain number of PRBs can be allocated for low complexity MTC UEs. This is listed in Table 1.

In Table 1, the scenario of allowing up to 12 PRBs is also listed, which is shown to provide much better scheduling flexibility.

Table 1: Possible number of PRBs to allocate to unicast data PDSCH
	System bandwidth
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	RBG size
(P)
	Possible number of PRBs

	
	
	≤ 6 PRBs
	≤ 12 PRBs

	≤10
	1
	1, 2, 3, 4, 5, 6
	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

	11 – 26
	2
	2, 4, 6
	2, 4, 6, 8, 10, [12]

	27 – 63
	3
	3, 6
	3, 6, 9,12

	64 – 110
	4
	4
	4, 8, 12


In the extreme case of a system bandwidth in the range of 64-110 PRBs, the only possible allocation is 4 PRBs. This applies to system bandwidth of 15 MHz (75 PRBs) and 20 MHz (100 PRBs). Since modulation symbols are distributed over all the PRBs that the DCI allocates, it is not feasible to for the eNB to allocate 8 PRBs while the UE is only capable of receiving 6 PRBs. Limiting the PRB allocation to a single choice (4 PRBs) is not desirable:
· The full baseband capacity of the low complexity UE is not utilized.

· This leaves no link adaptation flexibility.

Another concern with resource allocation type 0 is that the overhead of resource allocation bits in DCI is substantial compared to the payload size, especially when the system bandwidth is large.
2.2 Resource allocation type 1

In resource allocation type 1, individual PRBs can be addressed within the subset of PRBs indicated. In this case, the resource allocation can be signalled to the low complexity MTC UE in granularity of 1 PRB, and the possible number of PRBs to allocate is {1, 2, 3, 4, 5, 6}.

Similar to resource allocation type 0, type 1 also has a relatively large overhead in DCI compared to the payload size, especially when the system bandwidth is large.

2.3 Resource allocation type 2

2.3.1 DCI format other than 1C

For resource allocation type 2, the mapping of data to PRBs can be either localized type or distributed type. The amount of virtual resource blocks (VRBs) that are allocated has granularity of 1 VRB for DCI format other than DCI format 1C. In this case the possible number of PRBs to allocate is {1, 2, 3, 4, 5, 6}.

For the low complexity MTC UE, distributed type is preferred since this allows the UE, which only receives a small amount of data, to gain frequency diversity. It also reduces the demand of channel state information (CSI) reporting. When the distributed type is used, not only are the consecutive VRBs mapped to non-consecutive PRBs but frequency hopping is also built in between the first slot and second slot of the subframe. Thus VRB of distributed type is advantageous for low complexity MTC UE operation.

2.3.2 DCI format 1C

For SIB, paging message, and random access response (RAR) transmission, the compact DCI format 1C may be used.  DCI format 1C uses a special version of resource allocation type 2 that has the parameter 
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 (see Table 7.1.6.3-1 of [2]).
Table 2 shows the possible number of PRBs that can be allocated with DCI format 1C, considering the relationship between the system bandwidth and the 
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 values. Since RAN1#76 discussed the possibility to increase the number of PRBs that the low complexity UE needs to be able to receive from 6 PRBs to e.g. 15 PRBs, results for this case are included as well in the table. For system bandwidths of 10 MHz or larger, it is not possible to allocate more than 4 PRBs and 12 PRBs in the two respective cases. In particular, if 15 PRB maximum is assumed, DCI format 1C can never utilize the maximum.
Alternatively, a slight increase to 16 PRB maximum would result in full utilization of the maximum as shown in Table 2.

Table 2: Possible number of PRBs to allocate to data associated with DCI format 1C

	System BW (
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	Possible number of PRBs

	
	DCI format 1C
	≤ 6 PRBs
	≤ 12 PRBs
	≤ 15 PRBs
	≤ 16 PRBs

	6-49
	2
	2, 4, 6
	2, 4, 6, 8, 10, 12
	2, 4, 6, 8, 10, 12, 14
	2, 4, 6, 8, 10, 12, 14, 16

	50-110
	4
	4
	4, 8, 12
	4, 8, 12
	4, 8, 12, 16


3 Conclusions

In this contribution, resource allocation for low-complexity MTC UEs is discussed.

Resource allocation type 0 imposes substantial limitation for the assumption of 6 PRB maximum, especially for large system bandwidths. Resource allocation type 1 does not have this problem.
When resource allocation type 2 is used, distributed type instead of localized type can be used to increase the frequency diversity. However, DCI format 1C has limited ability to allocate 6 (or 15) PRBs in some system bandwidths.
Considering the discussion above, we propose that RAN1 takes into account resource allocation when determining the maximum number of PRBs the UE can receive. For example, the alternatives of 12 PRBs or 16 PRBs maximum could be considered as suitable from resource allocation flexibility point of view.
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