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1. Introduction

At the RAN #63 meeting, the scope of low cost & enhanced coverage MTC UE for LTE is revised and the scope was narrowed down to low cost feature in Release 12 [1]. In the WID, cost reduction is expected to be achieved by the following capabilities.

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.
In [2], it is summarized that the expected cost saving from bandwidth reduction is 8 % compared to category 1 UE and it is not major cost saving factor compared to other two options. In this contribution, the necessity of bandwidth reduction is investigated considering the specification impact, NW complexity and spectrum efficiency.

2. Impact of bandwidth reduction
2.1. Bandwidth
At the last meeting, maximum TB size for low cost UE was discussed and the TBS limitation is relaxed considering the LS from RAN2 [3]. The agreements are summarized as follows.
For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.

In the LS, RAN2 suggested that the maximum TBS restriction of 1000 bits roles out transmission of SIB of large bits, such as SIB5, and also limits the future extensibility of other SIB types. As a consequence of the agreement, PRB restriction of 6 RBs should be revisited; otherwise SIB5 and other enhanced SIB transmissions are unavailable for low cost MTC UEs because of the limitation of PRB size. For the transmission of SIB with 2216 bits, 14 PRBs are at least necessary using the highest MCS index of QPSK. In addition, lower MCS, i.e., wider PRB, is required in order to achieve the minimal coverage, smaller number of repetition, i.e., shorter latency, and to avoid the impact to the legacy SIB operation for normal UEs. On the other hand, for paging, Msg. 2 and 4, retransmission functionality is not supported and the required bandwidth is also assumed to be enlarged. Considering the link-level simulation results in [4], PRB of at least 25 PRBs are required to obtain enough TBS for paging Msg. 2 and 4. Furthermore, if 25 PRBs are supported for Rel. 12 low cost UEs, there is less impact for several operation scenarios for legacy LTE system, which is operated with the system bandwidth of less than or equal to 5 MHz. It is also noted that the cost reduction effect of PRB restriction on top of maximum TBS reduction is limited.
Observation 1: At least 14 downlink PRBs are necessary to transmit 2216 bits TBS using the highest MCS index of QPSK and without repetition.

Observation 2: Considering the link-level simulation results in [4], PRB of at least 25 PRBs are required to obtain enough TBS for paging Msg. 2 and 4.
Proposal 1: For the system bandwidth of wider than 5 MHz, PRB restriction should be larger than 25 PRBs. Otherwise no PRB restriction.
In the following subsections, potential impact of bandwidth reduction for the possible scheduling options and resource allocation for PDSCH is discussed.

2.2. Scheduling options and timing relationship

While cross subframe scheduling for PDSCH is agreed for coverage enhancement in RAN1#75 [5], timing relationship between PDCCH and PDSCH for low cost UE not in coverage enhancement has not been agreed. In [4], the trade-offs between the different options for PDSCH scheduling methods for low cost UEs not in coverage enhancement is discussed. Discussed scheduling options can be categorized into three options below:

1. Low cost UE is specified as to only support the 6 PRB system band
2. PDSCH scheduled by PDCCH in the cross subframe
3. PDSCH scheduled by PDCCH in the same subframe
· With or without limited number of PRBs, which is semi-static or predefined
If the first option is adopted, spectrum efficiency would be highly reduced since available band will be splitted into narrower band. Therefore, low cost UE should fully support possible system bandwidth, i.e., up to 20 MHz. Even for CA capable normal UEs, fragmented carriers will increase the overhead and spectrum efficiency would be degraded.
Remaining two options assume different scheduling timing relationship between PDCCH and PDSCH. For the same subframe scheduling, which is presented as the third option, both whole bandwidth PDSCH scheduling by PDCCH and limited bandwidth scheduling can be considered. If the cross subframe scheduling which is presented as the second option is assumed to indicate PRB location of PDSCH in advance of buffer, several inefficiencies will be forced together. Fundamentally, cross subframe scheduling require eNB to conduct joint subframe scheduling for normal UEs and low cost UEs which results in significantly increased scheduling complexity. In addition, following PUCCH for HARQ feedback could be collided between normal UE and low cost UE since PUCCH resource allocation is associated to the CCE of the PDCCH. Potential PUCCH collision issue may further increases the scheduling complexity. For the common channels, duplicated PDCCH could be sent to support both low cost UEs using cross subframe scheduling and normal UEs. Random access procedure is also affected by the cross subframe scheduling. As agreed in RAN2 [6], UE should be able to determine that a UE is a low cost UE using Msg. 1 or Msg. 3 if cross subframe scheduling is adopted. Otherwise, eNB cannot determine proper scheduling option for Msg. 2 and Msg. 4 which result in the third option with semi-static or predefined PRB location. Similar issue has been discussed to determine coverage enhancement mode on RA procedure. In RAN1, it is proposed that RACH with CE mode is distinguished by separate RACH resource and preamble [4][7].  If similar mechanism is introduced for indication of low cost UE, it is assumed that up to four separate RACH configurations, which highly decrease the spectrum efficiency to reserve uplink resource, are required. Therefore, cross subframe scheduling should be considered only if same subframe scheduling is impossible, e.g., coverage enhancement.
Observation 3: Cross subframe scheduling has significant impact on network complexity, scheduling flexibility and spectrum efficiency for the sake of cost saving gain.

Proposal 2: Cross subframe scheduling is not adequate to support bandwidth reduction, since same subframe scheduling can be utilized for low cost UE without coverage enhancement.

The PDCCH based same subframe scheduling is further classified to scheduling within the entire bandwidth and scheduling within limited PRB location which is semi-statically configured or fixed. For the semi-static/fixed PRB option, limited PRB location is semi-statically configured by higher layer. DL assignment in PDCCH further signals the exact resource for PDSCH in the option. Compared to the cross subframe scheduling option, semi-static/fixed PRB scheduling is less harmful for legacy PDSCH scheduling. However, there still remain some restrictions: less scheduling flexibility for common channel, less scheduling flexibility for low cost UEs and necessity of low cost UE indication on RA procedure. For example, if SIB is common for normal UEs and low cost UEs, normal UEs have also affected by the limited scheduling flexibility. The last restrictions can be avoided by limiting the scheduling flexibility of Msg. 2 and Msg. 4 as mentioned in the cross subframe scheduling option while semi-static or fixed PRB location for common channel has less flexibility of scheduling for both low cost and normal UEs. From the above restrictions, reduced flexibility for common channel would be most challenging since limited number of 6 PRB should be semi-statically assigned even for normal UEs which may impact the existing cell operation assuming fully utilization of system bandwidth, which is typically 5 MHz or wider system bandwidth. 

Observation 4: Semi-static/pre-defined PRB limitation still have significant impact on scheduling flexibility and spectrum efficiency.

Contrary, the same PDSCH scheduling for entire bandwidth with same subframe timing relationship is nothing less than current scheduling mechanism. Although this option cannot promise 8% cost saving gain, several percent of cost saving can be achieved by reducing PDSCH data buffering after the detection of PDCCH, e.g., second slot of a subframe, by UE implementation. In other words, if 6 PRB limitation is introduced, effective cost saving gain compared to same subframe scheduling for PDSCH with entire system band by PDCCH will be further reduced by several percent from the original 8% depending on UE implementation. As the original cost saving gain is not significant, same-subframe scheduling is an acceptable trade-off between UE cost saving gain and the aforementioned disadvantages.

Observation 5: Same subframe scheduling for whole bandwidth can achieve sereral percentage of cost saving by UE implimentation.

Proposal 3: Same subframe scheduling for whole bandwidth of both common channels and unicast transmissions is an adequate trade-off between UE cost saving gain and potential disadvantages.
2.3. Resource allocation

If the reduced bandwidth is supported, further enhanced resource allocation for PDSCH, e.g., smaller RB assignment field in DCI and smaller scheduling granularity for PRB can be considered. However, even if smaller RBG size is suitable for small packet size of MTC traffic, smaller RBG size may cause fragmentation of resource allocation, since normal UE follows conventional RBG size which is associated with downlink system bandwidth, e.g., 3 RBs for 10 MHz system. In addition, shorter RA field is not beneficial enough for low cost purpose, since coverage enhancement will not be discussed in Rel. 12. Therefore, enhanced resource allocation schemes should not be supported for Rel. 12 low cost UE.

Proposal 4: Reuse legacy resource allocation schemes for low cost UEs.
3. Summary

In this contribution, we discussed the impact of reduced PRB for low cost MTC. Observations and proposals are given below.

Observation 1: At least 14 downlink PRBs are necessary to transmit 2216 bits TBS using the highest MCS index of QPSK and without repetition.

Observation 2: Considering the link-level simulation results in [4], PRB of at least 25 PRBs are required to obtain enough TBS for paging Msg. 2 and 4.
Proposal 1: For the system bandwidth of wider than 5 MHz, PRB restriction should be larger than 25 PRBs. Otherwise no PRB restriction.

Observation 3: Cross subframe scheduling has significant impact on network complexity, scheduling flexibility and spectrum efficiency for the sake of cost saving gain.

Proposal 2: Cross subframe scheduling is not adequate to support bandwidth reduction, since same subframe scheduling can be utilized for low cost UE without coverage enhancement.

Observation 4: Semi-static/pre-defined PRB limitation still have significant impact on scheduling flexibility and spectrum efficiency.

Observation 5: Same subframe scheduling for whole bandwidth can achieve sereral percentage of cost saving by UE implimentation.

Proposal 3: Same subframe scheduling for whole bandwidth of both common channels and unicast transmissions is an adequate trade-off between UE cost saving gain and potential disadvantages.
Proposal 4: Reuse legacy resource allocation schemes for low cost UEs.
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