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1. Introduction

At the RAN WG1 #66bis meeting, a study on low cost machine type communication (MTC) was initiated according to the description in [1]. In many contributions [2] – [10], comprehensive and quantitative analyses regarding cost reduction were provided from the MTC UE perspective. At the same time, there is the following statement in [1]. 
As part of the analysis of the different solutions, any impacts on backwards compatibility with existing LTE network shall be evaluated and justified, as well as impact on the operation of legacy LTE Release 8-10 UEs and Release 8-10 LTE system performance.
In this contribution, we clarify the issues that are considered to have a significant impact on the existing LTE networks and propose several solutions to address the issues from the viewpoint of the operator. 

2. Issues Regarding the Low Cost MTC
Many aspects that will be effective in reducing the product cost of the MTC UE have been identified [2] – [10]. At the same time, reducing the total cost in terms of not only the MTC UE but also the network should be taken into account. Below, these aspects are enumerated with some notes from the network viewpoint.
· Maximum bandwidth (BW) reduction 

· The maximum BW for the downlink and uplink to be supported for the low cost MTC is reduced compared to that supported in the existing LTE UE and network, i.e., 20 MHz. The maximum BW reduction was shown to be the main factor for cost reduction from the MTC UE perspective. However, when the maximum BW for MTC UEs is reduced, the operators may not be able to introduce easily low cost MTC UEs if the operators only support the larger legacy LTE BW rather than the maximum BW of the MTC UEs. This is because the low cost MTC UEs cannot decode the legacy PDCCH, which is spread over a larger BW than that for the MTC UE. Furthermore, different system control information must be broadcasted to the legacy UEs and MTC UEs since both UEs support different BWs. Reducing the maximum BW is considered to have a significant impact on the network, and hence we will further discuss this issue in Section 3.
· Support for half-duplex mode
· Support of a half duplex mode is also a candidate solution to reduce the cost of the MTC UEs. We note that the coexistence of full duplex and half duplex UEs may increase the eNB scheduler complexity.
· Tx power reduction
· Reducing the maximum power is also considered an effective way to cut costs. However, reducing the maximum Tx power will impair the existing LTE coverage. In this sense, this approach is not considered appropriate. However, limiting the modulation scheme to non-amplitude modulation such as QPSK will be worth investigating.
· Support for single Tx/Rx antenna 

· The LTE UE is expected to be equipped with multiple Tx/Rx antennas in order to perform spatial multiplexing and diversity transmission and reception. Reducing the number of Tx/Rx antennas would also conserve on the radio frequency (RF) chains, resulting in a cost reduction. However, this solution may also affect the existing LTE coverage due to the loss of the diversity gain. Therefore, the coverage should be carefully investigated.
· HARQ process limitation

· By limiting the HARQ process, the buffer size in the MTC UEs can be conserved. This affects the scheduling; however, this impact is not considered significant.

· Introduction of new UE category

· As a consequence of this study, a new UE category is supposed to be defined. In this case, the level of cost reduction by introducing a new category should be investigated compared to LTE UE category 1. However, in any case, it is desired to introduce only a single UE category for the network to avoid supporting multiple UE categories.
Proposal 1: The total cost reduction for the MTC UEs as well as the network should be taken into account.
Proposal 2: The existing LTE coverage should be retained for low cost MTC UEs. 

Proposal 3: If needed, only a single UE category should be specified for the low cost MTC UEs. 
3. Impact of Maximum BW Reduction

Among the factors described in Section 2, we see that the maximum BW reduction has a significant impact on the existing LTE network although that may be one of the most effective ways to reduce the MTU UE cost. Therefore, we further investigate this aspect in this section. As described earlier, if the operators support only larger BWs than the maximum BW of the low cost MTC UEs, the operators may not able to introduce MTC UEs. The most beneficial solution to this is not to reduce the maximum BW of the MTC UEs although the cost reduction cannot be achieved for the MTC UEs. However, we note that there is an advantage in that economy of scale will be achieved by producing and deploying many MTC UEs irrespective of the BWs that the operators support. 
Proposal 4: It is desirable to not to apply the maximum BW reduction to the low cost MTC UEs from the viewpoint of economy of scale and that other solutions for cost reduction should be further investigated.
Nevertheless, there are other solutions for the network operator to support low cost MTC UEs in such a scenario. Below, we further investigate two possible solutions so that the MTC UEs can access the existing BW, which is larger than the maximum BW of MTC UEs as described in [6] and [7]. One is BW partitioning and the other is BW sharing.
3.1
BW Partitioning
Figure 1 shows the BW partitioning scenario for the downlink and uplink. In this scenario, the existing LTE BW is partitioned and a new carrier is created so that one of the divided BWs is equal to or narrower than the maximum BW of the low cost MTC UEs. We note that the legacy LTE UEs can have access to any carrier. In this solution, we do not anticipate any impact on the specifications. However, at the expense of the support for the MTC UEs, the performance and capacity for the legacy LTE UEs are clearly degraded due to the reduced BW for the legacy LTE UEs. Of course, if there are LTE-Advanced UEs capable of carrier aggregation (CA), the whole BW can be used by means of CA. We see another disadvantage in that a drastic change in the overall network structure is required by creating more frequency carriers. For these reasons, if the operators encounter this situation, introducing MTC UEs becomes quite challenging since there are significant impacts on the network cost and performance of the legacy LTE UEs. Therefore, BW partitioning seems to be an unattractive solution from the viewpoint of both the UE and network.
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Figure 1 – BW partitioning
3.2
BW Sharing
Figure 2 shows the BW sharing scenario for the downlink and uplink. In this scenario, the existing BW is shared by both the legacy LTE UEs and low cost MTC UEs. We discuss the issues for the downlink and uplink, separately.
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Figure 2 – BW sharing
3.2.1
Downlink BW sharing
There are several issues regarding downlink BW sharing to be addressed.

· Initial access procedures 

· The LTE initial access procedure would be reused for the low cost MTC UEs. However, the network does not know which types of UEs, i.e., LTE UEs or MTC UEs, are performing the initial access procedure since the network is not yet informed of the UE capability. Therefore, the network must send multiple system control information messages assigned by both the PDCCH for the legacy UE and E-PDCCH for the MTC UEs. Since the low cost MTC UEs are most likely to occupy the central BW of the legacy BW in order to reuse the current synchronization channel and physical broadcast channel (PBCH), the overhead of the central part of the BW is significantly increased. 
· PDCCH transmission/reception for low cost MTC UEs

· The legacy PDCCH regions for the DCI transmission are not simply used for the low cost MTC UEs since each DCI is mapped over the whole BW in the PDCCH regions. Hence, the PDCCH transmission/reception for the low cost MTC UEs must be considered. One approach is to use the enhanced PDCCH (E-PDCCH) for the low cost MTC UEs which is conveyed in a PDSCH region. In this case, a common search space must also be specified for the E-PDCCH in order to transmit a common downlink control channel. This should also be kept in mind when designing the E-PDCCH. In this approach, the legacy PDCCH adds to the overhead for the low cost MTC UEs. Another approach is to use the E-PDCCH for the legacy LTE UEs when the PDCCH is, in a given subframe, transmitted using the BW that the low cost MTC UEs support. In this approach, the LTE UEs not supporting the E-PDCCH cannot be assigned in such a subframe. 

3.2.2
Uplink BW sharing

There are several issues regarding uplink BW sharing to be addressed.

· PUSCH resource fragmentation 

· When the UL BW for the low cost MTC UEs exists within a legacy LTE BW, one of the issues is the PUSCH resource fragmentation for the legacy LTE UEs, which is caused by periodic UL signaling, i.e., PUCCH. For the LTE-Advanced UE, a multi-cluster PUSCH transmission of up to two clusters in a carrier can be used to avoid such a fragmentation problem. Nevertheless, since frequency-hopping is applied to the PUCCH, it seems quite difficult even for the LTE-Advanced UEs to utilize the whole BW. To avoid this problem, the subframe used for the low cost MTC UEs is restricted so that the legacy LTE UEs can utilize the whole UL BW in the other subframes. In this case, the network can adjust the PUSCH transmission. For the periodic PUCCH transmission, the PUCCH resource can be configured into a given subframe by the network. Regarding the HARQ-ACK transmission, the PUCCH transmission could also be restricted by limiting the DL assignment for the low cost MTC UEs. Otherwise, the PUCCH transmission itself is not allowed for the low cost MTC UEs, and instead the PUSCH is triggered. This way, the PUSCH resource fragmentation for the legacy LTE UEs can be avoided. In this solution, however, a tighter scheduling restriction is necessary for the low cost MTC UEs.
· PRACH resource assignment

· Each PRACH resource is assigned to the legacy LTE UEs considering cell planning. When the low cost MTC UEs occupy a part of the existing BW, the cell planning regarding the PRACH resource may need to be reconsidered.
Proposal 5: When the maximum BW reduction is to be applied to the low cost MTC UEs, the BW sharing should be further investigated considering the cost reduction from both the UE and NW perspectives.

4. Conclusion

In this contribution, we presented the issues regarding the impacts of cost reduction in the MTC UEs on the existing LTE networks. According to the discussion, we proposed the following.
Proposal 1: The total cost reduction for the MTC UEs as well as the network should be taken into account.
Proposal 2: The existing LTE coverage should be retained for the low cost MTC UEs. 

Proposal 3: If needed, only a single UE category should be specified for the low cost MTC UEs. 

Proposal 4: It is desirable to not apply the maximum BW reduction to the low cost MTC UEs from the viewpoint of economy of scale and that other solutions for cost reduction should be further investigated.
Proposal 5: When the maximum BW reduction is to be applied to the low cost MTC UEs, the BW sharing should be further investigated considering the cost reduction from both the UE and NW perspectives.
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