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Discussion and Decision

1
Introduction
In RAN1 #76[1], following agreements were made regarding the TBS restriction:
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.

And LS [2] was sent to RAN2 asking whether there are issues to have 2216 bits for data types referenced by P- and RA-RNTI. In addition another LS [3] was sent asking whether it is possible for eNB to know whether a UE is TBS/bandwidth limited or not for paging and random access response.
Besides, RAN2 #85 [4] made following decisions for Low cost MTC: 
1
The NW should be able to determine that a UE is a low cost device based on Msg1 or Msg3 (decision depends on whether eNB needs to know which PRBs to use for Msg2) 

2
Include the low complexity capability in the UE capability signalling message (possibly implicitly as part of a new category).

3
FFS whether the eNB needs to know whether a UE is a low cost UE when sending a paging message.

As RAN1 has been assuming limiting the PDSCH bandwidth to 6 PRB, even there has been some discussion to increase the PDSCH bandwidth to e.g. 15 PRB to accommodate 2216 TBS, it is still uncertain whether bandwidth restriction is a sensible solution given above agreements. In this paper we would further analyse the impacts of the downlink channel bandwidth reduction from RAN2 perspective and present our view.
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 those at cell edge (e.g. system information, paging and RAR), a low-order modulation is always configured.
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 PDSCH message of 2216 bits would need a minimum of 14 PRBs. However in order to analyze all the scenarios including the UEs at the cell edge, simulations have been conducted for PDSCH coding for SIB/RAR/paging transmission with the following assumptions : 10MHz system, 2Tx-1Rx, distributed allocation, CRS boosting of 3 dB, MMSE receiver, non-ideal channel estimation, 1Hz Doppler, EPA (flat) propagation channel, Target FER after combining is 1%. The simulation result [8] shows the capacity for EPA channel is around 2-3 bits per PRB at the cell edge. This means that for transmitting 2216 bits in a transport block using QPSK at the cell edge, roughly 738 PRBs (2216/3) are needed for EPA channel. (NOTE: The amount of PRBs required for transmission of a message may be spread over a time period.) 
Observation 1: 6PRBs cannot be used for transmitting 2216 bits to the UEs at the cell edge.
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 UEs access the system and identify themselves. To ensure a successful SI reception for both non low cost MTC UEs and low cost MTC UEs, the eNB has to limit the transmission of all SIBs within the reduced bandwidth. As the SIBs contain essential information, such as cell access and common radio resource reconfiguration and they normally have some hundreds of bits which vary depending on the configurations. If the SIB size is getting bigger, SIB repetition is required to fit a large message into the restricted bandwidth. For example, to transmit SIB2 containing 320 bits, the eNB needs to schedule the PDSCH message 18 times under 6PRB bandwidth restrictions to reach the UEs at the cell edge. This can be realized by either setting larger scheduling window size or scheduling the SIB2 message across several scheduling windows, however it would lead to longer SI acquisition time and increase the PDCCH overhead heavily. If repetition is not enough, RLC segmentation would be needed, which would be different from the legacy handling where only TM RLC has been used.
Observation 2: In order to improve the robustness of SIB transmission within the restricted DL bandwidth, the extra transmissions of SIBs are necessary.
Observation 3: Downlink bandwidth reduction will lead to longer SI acquisition time and increased system overhead.
2.2
Paging 
Similar with the SIB and RAR transmission, the low-order modulation is used on the PDSCH when transferring a paging message and lower coding rate helps to make paging more reliable. For instance, the size of the paging message is 720 bits assuming the number of paging record is 15 and UE identities are signaled using the S-TMSI. For transmitting the paging message, around 240 PRBs are needed in case of EPA channel. Unlike the SIB transmission which could be scheduled multiple times within the scheduling window, there is no HARQ which means no retransmission could be applied for paging with existing specification. Consequently the number of paging records in one paging message has to be limited given the bandwidth restriction in order to be properly decoded by UEs.
Observation 4: It is impossible to transmit paging message with full paging records within the required DL bandwidth with existing paging scheme.
In idle mode, eNB has no knowledge of UE’s capability to differentiate low cost MTC UE from non low cost MTC UE, thus it has to schedule PCCH transmission within 1.4MHz for all the UEs. According to Observation 4, the eNB has to restrict the paging message size and/or the number of paging records even for non low cost MTC UEs; as a result, the paging delivery may be congested and delayed due to the decreased paging capacity, especially the paging performance for non low cost MTC UEs would be degraded as well. 
Observation 5: With existing paging procedure, the eNB has to ensure paging message not exceed 6PRBs restriction for all the UEs, which would restrict paging capacity and increase paging latency.
If we want to avoid the negative impact to non low cost MTC UEs in observation 5, the differentiation between the low cost UE and non low cost MTC UE before sending a paging message may be necessary. To indicate the eNB to schedule DL resource for paging message within the restricted downlink bandwidth, additional “Low cost” flag in the S1 paging message may be required and MME has to acquire this information from somewhere. (i.e. either from UE or from HSS). Therefore this will further impact to other groups.

Observation 6: To differentiate low cost UE from non low cost MTC UE when sending a paging message, the  specifications and implementation will be affected.
2.3
Random Access procedure 
With the existing UE capability enquiry procedure, the eNB cannot ensure any downlink message within the reduced PDSCH bandwidth before knowing the UE capability. As a consequence, RAN2#85 agreed that the NW should be able to determine that a UE is a low cost device; however whether MSG3 or MSG1 would be used is still FFS.
Adding a capability indication in MSG3 would be quite difficult considering the spare bits in MSG3 are very limited, the ASN.1 definition of MSG3 may need to be revised, extra effort would be required by taking into account the backward compatibility and specification impact.
Alternatively, utilizing separate preambles for low cost MTC devices may have less impact to the existing specification and implementation. However, 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 7: There would be impact to either the specification or the system performance regardless which message would be used to indicate a low cost device during RA procedure.

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 should be considered [7]. For instance, the eNB may have to always segment downlink data into a multitude of packets due to the bandwidth reduction, which would increase the overhead due to segmentation and corresponding scheduling grant for each transmission. For coverage-limited UEs, as compensation, a higher transmission power might be applied at the cost of possible higher interference to neighbor cells. Besides, as the more subframes are required for a transmission, this will result in the longer the transmissions delays and 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 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 the PDSCH resource allocation schemes; however, as discussed in [6], 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 non low cost MTC UEs and low cost MTC UEs under the same coverage, the eNB scheduler complexity would significantly increase. Additionally, due to the changes in system information, RAR and paging (which are intended to be received by multiple users), the performance of legacy UEs will suffer.

Observation 8: downlink bandwidth reduction would have significant impact to system performance, network implementation and also affect non low-cost MTC 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: 6PRBs cannot be used for transmitting 2216 bits to the UEs at the cell edge.
Observation 2: In order to improve the robustness of SIB transmission within the restricted DL bandwidth, the extra transmissions of SIBs are necessary.
Observation 3: Downlink bandwidth reduction will lead to longer SI acquisition time and increased system overhead.

Observation 4: It is impossible to transmit paging message with full paging records within the required DL bandwidth with existing paging scheme.

Observation 5: With existing paging procedure, the eNB has to ensure paging message not exceed 6PRBs restriction for all the UEs, which would restrict paging capacity and increase paging latency.. 

Observation 6: To differentiate low cost UE from non low cost MTC UE when sending a paging message, the specification and implementation will be affected.

Observation 7: There would be impact to either the specification or the system performance regardless which message would be used to indicate a low cost device during RA procedure.

Observation 8: downlink bandwidth reduction would have significant impact to system performance, network implementation and also affect regular UEs.

Given the analysis and observations above, the downlink bandwidth restriction would introduce significant impact to the system performance and increase the complexity to the specification and implementation. RAN1 is discussing on relaxing PDSCH bandwidth restriction to accommodate TBS of 2216 bits. However even the PDSCH bandwidth could be increased to mitigate those impact described above, the specific handling for adapting the restriction is still needed. For example how the eNB identify the low cost MTC UEs during initial access and paging should be specified as long as there is such restriction. That would be questionable if the cost saving introduced by bandwidth reduction for the low cost MTC UEs justify really the effort being generated for the network. Thus we propose
Proposal: RAN2 discuss not introducing the PDSCH restriction considering the degraded system performance and increased implementation and specification complexity.
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