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1. Introduction

At the RAN1 #74bis meeting, frequency location of the PDSCH was discussed and it was agreed to focus on the repetition case first. Before deciding an appropriate frequency location for the PDSCH, the need for cross subframe scheduling and the resource allocation scheme should be studied first.
In this contribution, we discuss the timing relationship between the (E)PDCCH and PDSCH with repetition and how to obtain a frequency diversity gain using low-cost MTC UEs.
2. PDSCH Repetition
For the (E)PDCCH and PDSCH, it is considered that repetition is applied for coverage enhancement and the network will semi-statically configure the repetition level for coverage enhancement. When performing PDSCH decoding, a UE needs to buffer all possible PDSCH resources so that the allocated PDSCH can be decoded after (E)PDCCH detection. The required number of repetitions will be different between the (E)PDCCH and PDSCH.
The timing relationship between the PDCCH and PDSCH with repetition is categorized into the following three alternatives.
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Figure 1. Timing relationship for repeated PDCCH and PDSCH.
Timing relationship between (E)PDCCH and PDSCH with repetition 
From among the three alternatives shown in Fig. 1, overlapped repetition (Alt. 1) requires a large additional buffer for UEs that support coverage enhancement in order to prepare all possible resource allocations while achieving the lowest latency. Considering the additional cost for buffering repeated PDSCHs, not only for low cost MTC UEs but also normal MTC UEs, Alt. 1 would not be a feasible solution. Although Alt. 2 and Alt. 3 introduce similar levels of latency, which are longer than that for Alt. 1, Alt. 3 is slightly more preferable since Alt. 3 can avoid the need for an additional buffer for both the PDCCH and EPDCCH. To achieve Alt. 3, the timing relationship may or may not be repetition level dependent. If the PDSCH timing is fixed to the starting subframe of the (E)PDCCH, all the UEs with coverage enhancement suffer from the maximum latency. Therefore, it is better to define the timing relationship based on a fixed offset time added to the tail of the PDCCH subframe. Impact of the latency on higher layer signaling would be studied in RAN2. 
Observation 1: Separate timing relationships between repeated (E)PDCCHs and PDSCHs will be required for cost saving.
Proposal 1: Define timing relationship based on a fixed offset time added to the tail of the (E)PDCCH subframe.
Impact on PDSCH scheduling without repetition
If cross subframe scheduling is applied for coverage enhancement of the PDSCH, an MTC UE can occupy a significant amount of PDSCH resources. In other words, PDSCH resources can be assigned to a UE with coverage enhancement in advance of other UEs. Considering the nature of delay tolerance for MTC UEs that support coverage enhancement, disturbing the resource allocation for non-delay tolerant UEs should be avoided. Therefore, even if an MTC UE is delay tolerant, cross subframe scheduling should be minimized, i.e., cross subframe scheduling should be avoided for low cost MTC UEs not in coverage enhancement. Considering that most low cost MTC UEs have sufficient coverage, supporting single subframe scheduling is still beneficial even if cross subframe scheduling is applied in a repetition case.

Proposal 2: To maintain the maximum scheduling flexibility, the amount of cross subframe scheduling should be minimized.
Downlink data transfer time of low cost MTC UE
As a result of repetition for the PDSCH, the downlink data rate will be degraded. For low cost MTC UEs, the data rate will be further reduced due to a limited TB size due to the maximum 1000 bit TB size and 6 PRB bandwidth limitations. If the downlink bandwidth for the data channel is limited to 6 PRBs, the transport block size will be limited to 152 bits in a coverage hole since the minimum MCS will be selected for coverage limited UEs. If 100 repetitions are assumed for the PDSCH in addition to the 152 bit TB size limitation, the expected data rate is 1.52 kbps (ignoring latency due to (E)PDCCH). If the PDCCH and non-corresponding PDSCH can be simultaneously received by a low cost MTC UE, the DL data transfer time with a large packet size is dominated by the repetition level for the PDSCH.
As argued in [2], download of a large file is required for software upgrading. For example, if the file size is larger than 1 MB, the downloading time will be more than one hour with 100 repetitions. In a TDD system, the data transfer time will increase. Furthermore, the typical downlink packet size will not be so small that it can be assumed to be ~20 bytes for command-response traffic (triggered reporting) as in TR36.888 [3]. The realistic traffic amount would be larger considering higher layer headers. In TR37.869 [4], the packet size is modeled as 100 bytes to 1 Kbyte (800 to 8000 bytes). Therefore, how to support this large data size in the downlink for coverage-hole UEs should be carefully considered. Possible solutions are listed below.
· Option 1: Support eMBMS for software upgrading
· Option 2: Relax the downlink bandwidth limitation
· Option 3: Minimize the repetition level for the PDSCH using complementary coverage enhancement schemes
Among the three options, option 1 can provide efficient data transfer if numerous MTC terminals are deployed and require the same data. However, option 1 does not answer the demand for faster DL data transfer while the latter two options can. Option 2 and option 3 can provide higher user throughput and reduce battery consumption. Furthermore, option 3 is expected to improve the spectrum efficiency. Considering the different gains with these three options, further study is necessary.
Observation 2: The downlink packet size is assumed to be larger than 20 bytes.
Proposal 3: Large file transfer in the downlink should be supported by low cost MTC UEs in a deep coverage hole.
3. Frequency Diversity Gain 
As discussed in Section 2, a complementary coverage enhancement mechanism other than repetition should be considered to reduce the repetition level of the PDSCH. For low cost MTC UEs and MTC UEs in coverage enhancement, it is difficult to expect a frequency selective scheduling gain due to coarse measurement accuracy and the possibility that CSI reporting is omitted. Therefore, to retain the possibility of a frequency diversity gain distributed resource allocation (RA) or frequency hopping should be considered.

Distributed resource allocation

Bitmap resource allocation and distributed resource allocation are already supported for the PDSCH. Therefore, if these existing resource allocation schemes can provide efficient distributed resource allocation, no further enhancement is required. Considering a relatively small packet size for MTC and possible bandwidth limitation on the PDSCH for low cost MTC UEs, the resource allocation granularity should be lower than 6 PRBs. 
Type 0 RA is a multiple of a 4 PRB bitmap allocation if the system bandwidth is 20 MHz. Frequency diversity gain larger than 4 contiguous PRBs cannot be obtained using low cost MTC with type 0 RA. Even if type 0 RA is not attractive for low cost MTC, the type 0 RA is important for normal PDSCH since the type 0 RA can provide a frequency selective scheduling gain. Therefore, resource allocation in MTC should guarantee coexistence of the type 0 RA if a distributed RA is applied to coverage enhanced UEs or low cost MTC UEs.
Type 1 RA, RBG subset based resource allocation, can achieve a frequency diversity gain. However, if the type 1 allocation is applied together with the type 0 RA, scheduling flexibility is highly limited and resource fragmentation cannot be avoided.
Type 2 RA with distributed mapping can provide a frequency diversity gain. Even for a 10-20 MHz system bandwidth, distributed mapping can be achieved with a 4 PRB allocation. Another merit to using the type 2 RA is a small RA field size. If co-existence with the type 0 RA is assumed with a 20 MHz system bandwidth, 4 UEs should be scheduled to ensure that all resources are utilized. Considering that the channel estimation accuracy might be degraded due to a slot-by-slot resource allocation, a realistic assumption for the channel estimation should be studied for low cost MTC UEs. It is considered that cross subframe channel estimation is possible at least for a repetition case.
Observation 3: Type 2 resource allocation with distributed mapping can provide a frequency diversity gain for low cost MTC UEs.
If narrower scheduling granularity is supported by a new resource allocation type, small packets can be transmitted efficiently. However, considering that typically packets larger than 20 bytes are expected for downlink data, it is unclear whether the resource allocation scheme should be optimized to small packet size. Smaller granularity will also increase the signaling overhead. Furthermore, a resource fragmentation issue due to granularity miss-match with normal PDSCH remains. Therefore, in order to achieve a frequency diversity gain, the existing resource allocation scheme may be sufficient. If a new resource allocation scheme is required, it will be mainly motivated by a need to reduce the resource allocation signaling overhead for smaller DCI.
Observation 4: If a new resource allocation type is considered, it will be mainly motivated by smaller DCI.
Proposal 4: Existing resource allocation, e.g., type 2 resource allocation, should be used for PDSCH to achieve frequency diversity gain.

Frequency hopping

Frequency hopping can also provide a frequency diversity gain for repeated PDSCHs with some specification work. When using frequency hopping with the existing resource allocation scheme and normal UEs, no resource fragmentation occurs. On the other hand, frequency hopping is only applicable for a repetition case while distributed resource allocation is applicable for a non-repetition case. Therefore, if distributed resource allocation is not feasible, frequency hopping can be considered.
Observation 5: Frequency hopping might be considered to achieve a frequency diversity gain in addition to distributed resource allocation.
4. Summary

In this contribution, we discussed the coverage enhancement of the PDSCH for low cost MTC. Observations and proposals are given below.

Observation 1: Separate timing relationships between repeated (E)PDCCHs and PDSCHs will be required for cost saving
Observation 2: The downlink packet size is assumed to be larger than 20 bytes
Observation 3: Type 2 resource allocation with distributed mapping can provide a frequency diversity gain for low cost MTC UE
Observation 4: If a new resource allocation type is considered, it will be mainly motivated by smaller DCI
Observation 5: Frequency hopping might be considered to achieve a frequency diversity gain in addition to distributed resource allocation
Proposal 1: Define timing relationship based on a fixed offset time added to the tail of the (E)PDCCH subframe
Proposal 2: To maintain the maximum scheduling flexibility, the amount of cross subframe scheduling should be minimized
Proposal 3: Large file transfer in the downlink should be supported by low cost MTC UEs 
Proposal 4: Existing resource allocation, e.g., type 2 resource allocation, should be used for PDSCH to achieve frequency diversity gain.
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