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1. Introduction

In RAN1 #74 meeting, details on the new UE category/type of the Rel-12 MTC work item were discussed for the first time [1]. According to the objectives in the Rel-12 MTC WID [2], a reduced downlink channel bandwidth of 1.4MHz for data channel in baseband must be supported by the new UE category/type for MTC operation in all duplex modes. For the frequency location of the reduced DL data channel, the conclusion in RAN1 #74 is as follows [1]:

	Conclusion:

· PDSCH frequency allocation method for further study until the next meeting:

· Pre-defined or fixed manner or dynamic-manner for initial access
· Semi-static or dynamic manner for others


In this contribution, we share our considerations on frequency location of the reduced DL data channel for new UE category/type for MTC application based on LTE.
2. Discussion
MTC UEs used for many applications will require low operational power consumption and are expected to communicate with infrequent small burst transmissions. Also, it is envisaged that a massive amount of MTC UEs will be supported based on LTE. Hence, when specifying a new UE category/type for MTC application, low cost and low complexity are supposed to be taken into account. Besides, LTE FDD/TDD system shall provide additional coverage enhancement for some delay tolerant MTC UEs in bad coverage. Therefore, four cases of UEs supporting MTC operations based on LTE need to be studied by 3GPP, as shown in Table 1. 
Table 1: UEs supporting MTC operation based on LTE
	
	Non-enhanced coverage
	Enhanced coverage (e.g., New UE capability)

	Low-cost MTC UE category/type 
	case A
	case B

	Other UEs
	case C
	case D


2.1. Frequency location of reduced DL data bandwidth
In this subsection, we present considerations on frequency location of reduced DL bandwidth for case A in Table 1. As agreed in the MTC WID, DL data channel bandwidth in the baseband is 1.4 MHz, while the control channels are still allowed to use the carrier bandwidth. Regarding the reduced DL data bandwidth of 1.4 MHz in the baseband for low-cost UE category/type, how to configure frequency location of reduced DL bandwidth for low-cost MTC UE needs to be solved in RAN1 [3]. Initial access process and other process phases may need to be studied separately. 
2.1.1 For initial access phase
For initial access process to establish RRC connection, according to RAN1 #74 conclusions, three configuration manners are listed for further study as follows:

Option 1: Fixed manner
Option 2: Predefined manner
Option 3: Dynamic manner
In Option 1, for example, the frequency location of PDSCH is fixed in the central 6 RBs. There is no specification impact. The implementation is low complexity. But, some UEs may encounter severe frequency fading. The number of UEs that can attempt initial access in each subframe is limited, but this is not a big issue, since the UEs can attempt initial access in multiple subframes. Option 1 can reap the maximal cost saving from a reduced post-FFT data buffering.
Option 2 requires specifying hopping patterns for the PDSCH frequency location. This involves significant specification work to define how to achieve frequency diversity gain, and how to adapt to the variation of traffic load and the number of MTC UEs. In initial access case, hopping patterns cannot be signalled to the UEs via RRC. 
In Option 3, PDSCH dynamic configuration for MTC UEs requires that the MTC UEs have the same post-FFT buffering capacity as other LTE UEs. This may lead to smaller cost saving compared to Option 1 and Option 2. If the post-FFT data buffering capacity is reduced, then the timing relationship of PDCCH and its corresponding PDSCH should be changed.
So, we propose,
Proposal 1:
· Taking into account specification work and complexity, the frequency location of PDSCH should be fixed for low-cost MTC UEs for initial access.
2.1.2 For other phases than initial access
According to the RAN1 #74 conclusion, for other phases (i.e., RRC connection is already established), there are two possible methods for PDSCH frequency allocation.

However, we believe the indication method of frequency location of reduced DL bandwidth has a significant impact to the UE cost. Therefore, it should be discussed before PDSCH frequency allocation discussion.

 Following are the potential options for the indication of frequency location of reduced DL bandwidth.
Option A: Semi-static manner:

· The frequency location of reduced DL bandwidth, i.e. potential PRBs for PDSCH, are configured by semi-static signaling and then PRBs used for PDSCH transmission are assigned within the potential PDSCH PRBs by L1 signaling.
Option B: Dynamic manner:

· PRBs used for PDSCH transmission are assigned from the entire carrier bandwidth by L1 signaling where the number of the assigned PRBs is restricted. 
As we know, the PDSCH is the main data-bearing downlink channel which is used for all user data, for the broadcast system information (which is not carried on the PBCH). For Option A, the post-FFT buffer could be reduced to support the maximal PDCCH region and six PRB pairs for PDSCH only, while, for Option B, the post-FFT data buffer may have to support the full bandwidth, which could lead to additional cost if there is no specification change (such as PDSCH scheduling in advance). 
According to analysis/evaluation of cost reduction for the reduction of maximum bandwidth in TR36.888 [4] Table 6.2.3-1, the recommended cost for post-FFT data buffering is 10%~15% for the baseband. Also, the ratio of RF to baseband cost is 40:60 (see TR36.888, Table 5.3.1). Assume that the system bandwidth is 20 MHz (100 RBs). The post-FFT data buffering capacity for Option A is 3 OFDM symbols for PDCCH and 6 PRB pairs for PDSCH, i.e., 4392 REs. For Option B, the post-FFT data buffering capacity remains the same as that of Rel-8 UEs, i.e., 16800 REs. So, compared to Option B, the reduction of post-FFT data buffering capacity of Option A is up to 74%. This leads to 4.44%~6.66% overall relative cost savings.
So, from the cost-saving perspective, it is preferred to adopt Option A. Besides, compared with Option B, Option A could lead to a smaller payload for DL resource assignments.

So, we propose
Proposal 2:
· The frequency location of reduced DL data bandwidth should be semi-statically configured for low-cost MTC UE after RRC connection has been established. 
3. Conclusion
In this contribution, we propose
Proposal 1:
· Taking into account specification work and complexity, the frequency location of PDSCH should be fixed for low-cost MTC UEs for initial access.
Proposal 2:
· The frequency location of reduced DL data bandwidth should be semi-statically configured for low-cost MTC UE after RRC connection has been established. 
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