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Discussion and Decision
1
Introduction
RAN1 is working on the Low cost MTC work item [1] which is targeted to allow a new MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks. One of the objectives is to define a new UE category/type for MTC operation in all LTE duplex modes with 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

RAN1#74bis sent an LS [2] asking for the feedback on the impacts of the cost reduction objectives in the WI. As a result, RAN2#84 provided LS reply [3] highlighting the following points:

-
Existing mobility procedures apply also with low cost MTC terminals;
-
Limiting the TBS size to 1000 bit might put restrictions on the extendibility of SIBs in the future. RAN2 asks RAN1 to consider keeping the current limit of ~2200 bits for the BCCH TBS size for low cost MTC UEs;
-
RAN2 to further investigate the coverage enhancements.
The reduced downlink channel bandwidth was not discussed by RAN2, therefore this paper would like to analyse the potential impacts of the downlink channel bandwidth reduction from RAN2 perspective.
2
Discussion
The amount of information that can fit into a single transport block strongly depends on the cell bandwidth and modulation scheme. For messages that must be received by all users, including at cell edge (e.g. system information, paging and RAR), a low-order modulation is always configured.
2.1
SIB transmission
With respect to system information, the eNB does not know if there are low cost MTC UEs under its coverage until those UE accesses the system and identify themselves. To ensure a successful SI reception for both normal UEs and low cost MTC UEs, the following alternatives have therefore been proposed:
1) scheme based on legacy scheduling enhancement [4]:
a) limit the transmission of all SIBs within the reduced bandwidth;
b) limit the transmission of the necessary SIBs for low cost MTC UEs within the reduced bandwidth;
c) limit the transmission of the necessary SIBs for low cost MTC UEs within the reduced bandwidth in pre-defined subframes.
2) define new SIB for new UE category including necessary SIBs for low cost UEs

Regarding Alternative 1a, under the guidance from [5] that “The UE shall use 
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= 2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI”, applying QPSK for transmitting the maximum BCCH message of 2216 bits would need 14 PRBs. When limiting the transmission within 6 PRBs, the use of QPSK would result in the excessively high channel coding rate of ~150%. Using 64 QAM and transmission repetition would allow BCCH to fit into 6 PRBs but this will violate the MCS requirement for SIB transmission. In addition the repetition would consume extra PDCCH capacity and prolong the SI acquisition latency correspondingly. 
Regarding Alternatives 1b and 1c, unless the number of IEs contained in the SIBs can be reduced, the same SIB size problem as for Alternative 1a exists. Besides the limited information would likely impose some constraints on the procedures linked to those SIBs, therefore affecting also regular UEs. In addition, with Alternative 1c, the SI acquisition time will increase because of the time constraints introduced. 
With Alternative 2, new SIBs would be introduced. This would consume additional capacity due to redundant information transmission and increase the system overhead. Furthermore the new SIB would have the same extendibility issue considering a potential increase in the number of new information elements expected in the future.

Observation 1: downlink bandwidth reduction will cause problems with large SIBs and lead to longer SI acquisition time and increased system overhead, also affecting regular UEs.

2.2
Random Access procedure 
With the existing UE capability enquiry procedure, the eNB will have to ensure that any downlink message does not exceed the reduced PDSCH bandwidth before knowing the capability. During the initial access procedure, the size of the RAR message or the number of RAR records in one message will have to be limited to adapt to the restricted system bandwidth. This would reduce the RA capacity by limiting how many users can successfully access the network at the same time, which could be problematic since most MTC use cases envision a large number of MTC devices accessing the network concurrently. 
In order to signal a low cost capability, several solutions have been proposed. Adding an extra indication in MSG3 might be difficult. Alternatively, utilizing separate preamble resources could also be questioned because the collision probability in each pool of the dedicated preamble resource might increase. Consequently the RA success rate may decrease in the end and the persistent congestion on the specific pool might occur in case there are mass accesses from MTC devices.
Observation 2: downlink bandwidth reduction will decrease the success rate of the Random Access Procedure, also for regular UEs.
2.3
Paging 
Like for SIB and RAR transmissions, SI modification indication and/or CMAS/ETWS indication must reach all UEs. Low-order modulation is used on the PDSCH when transferring a paging message and lower coding rate helps to make paging more reliable. In idle mode, since the eNB is unaware of the UE capabilities and cannot differentiate low cost MTC UEs from regulars ones, the eNB has to schedule PCCH transmission within 1.4MHz for all UEs. Therefore the PDSCH bandwidth reduction would restrict the paging message size and/or the number of paging records; and as a result, the paging delivery may be congested and delayed due to the decreased paging capacity. 
Observation 3: downlink bandwidth reduction will restrict paging capacity and increase paging delays, including for emergency notifications, also for regular UEs.
2.4
Simultaneous Downlink Reception

Currently all UEs are required to receive in the same subframe a combinations of downlink physical channels in parallel [6]. Considering the potential large size of concurrent downlink messages, the PDSCH bandwidth restriction would significantly reduce the likelihood of parallel reception. As a result, UEs in idle mode may not be able to behave properly if the critical system information could not be received in time. Likewise, it would be more challenging for UEs in connected mode to receive system information, RAR and other dedicated PDSCH messages in parallel.

Observation 4: downlink bandwidth reduction will significantly reduce the ability of the low cost MTC UEs to receive downlink messages in parallel.
2.4
Other impacts
Apart from the impacts to essential LTE procedures described above, it is also to be noted that the impacts to system performance and network implementation would be far from negligible [8]. For instance, the eNB may have to always segment downlink data into a multitude of packets due to the bandwidth reduction. Segmentation not only increases L2 overhead but also L1 overhead because of the larger number of grants and ACK/NAK required. For coverage-limited UEs, as compensation, a higher transmission power might be applied at the cost of possible higher interference to neighbor cells. Besides, the more subframes, the longer the transmissions delays, the higher the power consumption. 
With existing scheme that the frequency location of the reduced DL bandwidth is indicated by PDCCH, the UE has to buffer the PDSCH message over the full bandwidth anyway before such information is decoded. In order to save the UE cost by reducing the size of the data buffer memory, RAN1 has been discussing PDSCH resource allocation schemes; however, as discussed in [7], all the potential solutions would cause various impacts to the low cost MTC UEs in the terms of the high interference and the loss of frequency selectivity gain.
To support both the legacy UEs and low cost MTC UEs under the same coverage, the eNB scheduler complexity would increase. Additionally, due to the changes in system information, RAR and paging (which are intended for reception of multiple users), the performance of legacy UEs will suffer.

When the UE moves to a legacy eNB which schedules downlink messages without considering the bandwidth restriction, the UE would have problem to receive the system information, RAR and paging messages which may lead to unexpected UE behavior. In order to prevent UE from camping to such cells, a broadcast of “low cost MTC” capability would be required. This mean that, in an area where eNB supporting low cost UE and eNB not supporting low cost UE co-exist on a same frequency, a low cost UE may camp on a cell which is not the best from radio point of view, leading to excessive interferences. The only way to prevent this would be to upgrade all the Cells operating on the same frequency in the area where low cost UE are deployed. As a result, the impact of specification of low cost UE has significant impact on eNB implementation and deployment.

Observation 5: downlink bandwidth reduction will negatively impact system performance, network implementation and also affect regular UEs.
3
Conclusion

This contribution has analyzed the impacts of downlink bandwidth reduction that is being proposed for low cost MTC UEs and the following observations were made:

Observation 1: downlink bandwidth reduction will cause problems with large SIBs and lead to longer SI acquisition time and increased system overhead, also affecting regular UEs.

Observation 2: downlink bandwidth reduction will decrease the success rate of the Random Access Procedure, also for regular UEs.

Observation 3: downlink bandwidth reduction will restrict paging capacity and increase paging delays, including for emergency notifications, also for regular UEs.

Observation 4: downlink bandwidth reduction will significantly reduce the ability of the low cost MTC UEs to receive downlink messages in parallel.

Observation 5: downlink bandwidth reduction will negatively impact system performance, network implementation and also affect regular UEs.

Despite having such large impacts, the hypothetical cost saving figure such bandwidth reduction is estimated to have on the baseband module is only 8%! In our opinion, the pain vs. gain ratio is clearly too high for the bandwidth reduction to be accepted as a reasonable enhancement for low cost MTC UEs. 
Proposal: in light of the very limited and hypothetical gains of downlink bandwidth reduction and considering the major impacts the proposal would have not only to the procedures handling MTC UEs but to the whole system, including legacy UEs, it is suggested not to specify this enhancement.
A proposed LS to RAN1 is given in a companion contribution (R2-140062)
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