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1. Introduction

In the WID regarding low cost and enhanced coverage MTC UEs, UEs are described to have reduced DL bandwidth to achieve a cost saving gain [1].
· 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.

At the RAN1 #74 meeting, PDSCH frequency allocation methods were discussed with the aim of reducing the cost for MTC.
· 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
From the cost reduction perspective, expected cost reduction gains are less than 8% if DL bandwidth reduction is introduced together with TB size restriction [2],[3],[4]. Considering the limited cost reduction gain, there is less motivation to introduce a DL bandwidth reduction compared to introducing restrictions such as a single Rx or the maximum TBS of 1000 bits. In this contribution, we further discuss the feasibility of PDSCH resource allocation schemes to reduce the DL bandwidth.
2. PDSCH resource allocation 
Here, we summarize four methods to restrict the DL bandwidth [6].

· Fixed frequency location

· The frequency location of the PDSCH is fixed to six specific PRBs. The frequency location would be common for all MTC UEs. 
· Definition of the fixed frequency location and possibly a new DCI format for DL assignment need to be specified.

· Pre-defined pattern

· Frequency hopping based on pre-defined patterns can be applied to the frequency location of a reduced DL bandwidth to obtain a frequency diversity gain. A pre-defined pattern can be signaled using RRC. 
· Pre-defined patterns and possibly a new DCI format for DL assignment need to be specified.
· Semi-static indication

· An eNB can semi-statically configure or update the frequency location of the reduced DL bandwidth using RRC signaling. However, this is only applicable after a RRC connection is established.

· RRC signaling and possibly a new DCI format for DL assignment need to be specified.
· Dynamic indication

· An eNB can dynamically configure the frequency location of the reduced DL bandwidth using the (e)PDCCH. To obtain a cost reduction gain, the frequency location information should be obtained before buffering the PDSCH. To ensure the frequency location before buffering of the PDSCH, the PDCCH for DL scheduling should be transmitted in a different subframe of the PDSCH. 

· A new timing relationship between the DL assignment and PDSCH transmission need to be specified.

As mentioned above, all four methods require medium-high levels of specification work if we expect to specify compact DCI for the three bandwidth reduction methods other than dynamic indication. 

Observation 1: Medium-high specification impact will be required to introduce dynamic indication or other methods with compact DCI.
For the four methods, we need to consider the side effects by limiting the DL bandwidth and the effect of coverage enhancement.
(1) Reduced DL bandwidth or full bandwidth

(2) Coverage enhancement

· eNB is operated with coverage enhancement 

· Whether or not UE is under poor coverage 

Since possible solutions that provide a reduction in the DL bandwidth would depend on the existence of DL signaling to indicate the frequency location, hereafter we discuss separately PDSCH frequency allocation methods for initial access and other methods.

2.1. Initial Access
On initial access to establish a RRC connection, a UE with a reduced DL bandwidth would need to know the frequency location of the DL signals by a way other than RRC signaling, i.e., fixed, pre-defined, or dynamic indication. Until the UE receives the frequency location, the downlink signal should be transmitted using a fixed frequency location or with a pre-defined hopping pattern. Only the legacy PBCH is transmitted on a fixed center frequency location and it is not affected by the DL bandwidth limitation on the data channel. Other signals are carried by the PDSCH, which is not restricted regarding the transmission frequency location within the system bandwidth for normal UEs. 
Since SIBs are broadcasted, the effectiveness of dynamic indication is limited in terms of achieving a frequency diversity gain. Therefore, the DL coverage when using dynamic indication would be equivalent to a pre-defined pattern. It is possible to share the frequency location and information entities of SIBs between normal and MTC UEs. However, normal UEs in addition to MTC UEs must be bandwidth restricted to achieve resource sharing. Another possibility is to transmit the SIBs separately to normal UEs and MTC UEs at the cost of an increased overhead. To provide full flexibility on the scheduling of the existing SIBs and to reduce the content of SIBs for MTC UEs (new SIB), separate transmission would be rather feasible. Furthermore, to avoid wasting resources on coverage enhancement, the new SIB would be repeatedly transmitted intermittently. In this case, the amount of overlapped resources may become relatively small since the transmission interval for the new SIB would be hundreds or thousands of milliseconds to avoid a large overhead due to coverage enhancement. In the case without coverage enhancement, MTC UEs that have a reduced DL bandwidth still cannot receive normal SIBs even though they have sufficient coverage.
Observation 2: Separate transmission of SIBs for normal UEs and MTC UEs would be needed if MTC UEs have a reduced DL bandwidth.
Observation 3: MTC UEs with a reduced DL bandwidth may take a long time to acquire intermittent system information even if the UEs have sufficient coverage. 

Similar can be argued for the RACH procedure. Furthermore, an indicator for DL bandwidth reduction would be required in the RA preamble transmission since the eNB needs to know whether or not the UE is BW limited to transmit the corresponding RAR. To indicate a reduced DL bandwidth, some specification changes would be introduced, which are discussed in [7]. Otherwise, the eNB needs to assume that all the UEs have a reduced DL bandwidth. Such an assumption cannot be actualized with dynamic indication due to separate transmissions of the PDCCH and PDSCH. For the other indication schemes, separate transmissions may result in degradation of the RAR capacity due to scheduling restrictions for the normal UEs.
Observation 4: MTC UEs need to indicate DL bandwidth limitations in the RA preamble.
2.2. PDSCH with RRC Connection
After establishing a RRC connection, it is possible to signal the frequency location of the PDSCH semi-statically or dynamically. A fixed frequency location should be avoided to retain flexibility on legacy UEs and to provide sufficient DL resources for MTC UE traffic. However, if the frequency location is fixed, a UE with poor coverage may suffer from deep frequency-selective fading. A pre-defined pattern should also be excluded due to lower flexibility in terms of RA (resource allocation). Threfore, semi-static and dynamic indication would be suitable as agreed in RAN1#74.
If frequency location is indicated dynamically, DL RA with DL bandwidth reduction is conducted within the full bandwidth. Therefore, a large frequency diversity gain or frequency selective scheduling gain can be expected from dynamic indication. Separate transmissions of the DL assignment control channel and data channel will increase the required time to receive DL data to some extent, but it could be several milliseconds without coverage enhancement.
Using a semi-static frequency location indicator, DL scheduling is conducted within a limited bandwidth which will result in reduced DL coverage due to a limited frequency scheduling gain. On the other hand, it is possible to shorten the DCI payload size for DL RA to indicate the semi-static frequency location. Furthermore, considering a limited bandwidth, ON/OFF RA is also considered to reduce the control signaling payload. By reducing the DCI payload, we would expect enhancement for DL assignment. However, there would be a further specification impact to define a shorter DCI.
Observation 5: Compared to a fixed frequency location, dynamic indication will improve coverage for the PDSCH while semi-static indication can improve the coverage for DL assignment.
For both frequency indication methods, MTC UEs especially under poor coverage need a longer time to finish receiving the contents of the DL buffer because the actual TBS is limited to 152 bits due to the use of 6 PRBs and the lowest MCS for example. To transmit 1000 bits with a restriction of 6 PRBs, a higher MCS is required. On the other hand, this cannot be expected for UEs with poor coverage. Therefore, MTC UEs may experience longer times to receive DL data, i.e., higher battery consumption. Fragmented DL transmissions may also increase the overhead of DL resource assignment. Furthermore, fragmented DL transmissions? will impact the scheduling complexity because the scheduler needs to consider BW limitations and TBS limitations together for resource block selection and MCS selection.

Observation 6: MTC UEs with poor coverage, i.e., with the lowest MCS, may take a long time to receive the contents of the DL buffer since the maximum DL TBS size is further limited to less than 1000 bits due to a 6 PRB restriction.
2.3. Feasibility of Reduced DL Bandwidth
An 8% cost reduction gain from the DL bandwidth reduction for the MTC transceiver would not be significant considering the aforementioned discussion. If a reduced DL bandwidth is not implemented, several benefits would be expected: the duration for initial access would be shorter and DL data transfer would be beneficial for real-time services such as for positioning/security systems. We would expect reduced power consumption for outdoor operation without a fixed power supply such as a solar-powered MTC UE. On the network side, supporting a full bandwidth would enable common scheduling with normal UEs as much as possible except coverage enhancement. Therefore, it is beneficial to develop a low cost MTC UE capable network early with less specification/developing work. Additional cost reduction may be achieved through economy of scale.
Proposal 1: To achieve a wider range and earlier growth of a low cost MTC market, it would be beneficial to de-prioritize the introduction of a reduced bandwidth. Cost reduction may be achieved through economy of scale.
3. Summary
In this contribution, we discussed the feasible PDSCH RA for low cost MTC. Observations and a proposal are given hereafter.
· Observation 1: Medium-high specification impact will be required to introduce dynamic indication or other methods with compact DCI
· Observation 2: Separate transmission of SIBs for normal UEs and MTC UEs would be needed if MTC UEs have a reduced DL bandwidth.
· Observation 3: MTC UEs with a reduced DL bandwidth may take a long time to acquire intermittent system information even if the UEs have sufficient coverage. . 

· Observation 4: MTC UEs need to indicate DL bandwidth limitations in the RA preamble.
· Observation 5: Compared to a fixed frequency location, dynamic indication will improve coverage for the PDSCH while semi-static indication can improve the coverage for DL assignment.
· Observation 6: MTC UEs with poor coverage, i.e., with the lowest MCS, may take a long time to receive the contents of the DL buffer since the maximum DL TBS size is further limited to less than 1000 bits due to a 6 PRB restriction.
· Proposal 1: To achieve a wider range and earlier growth of a low cost MTC market, it would be beneficial to de-prioritize the introduction of a reduced bandwidth. Cost reduction may be achieved through economy of scale.
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