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1 Introduction

The new WI “low-cost & enhanced coverage MTC UE for LTE” was approved in [1] during RAN#60. A new UE category/type for MTC operation in all LTE duplex modes is introduced and specified, which supports some special capabilities. Another objective of this work item is to provide coverage improvements corresponding to 15 dB for FDD for the low-MTC UE and other UEs operating delay tolerant MTC applications. After the discussion in RAN2 #84, it is agreed that “As starting point RAN2 assumes to support all existing functionality. We will only remove or exclude functionality if it provides clear benefits to do so.” In this contribution, RAN2 impacts due to the introduction of low-cost MTC are discussed. And the issues which should be analyzed in RAN2 are presented. 
2 Discussion
It has been identified in [2] that the low-cost MTC UE is characterized by single RF chain, restriction on downlink and uplink maximum TBS size, and reduced downlink channel bandwidth of 1.4MHz. Generally speaking, these new characteristics have impacts on RAN2. 
TBS Restriction 
In [2], the downlink and uplink maximum TBS for low-cost MTC UE is defined as the restriction of 1000 bits. However, after the discussion in RAN2 #84 meeting, some companies pointed out that there may be some SIB which would exceed 1000bits. Based on these requirements, RAN1 may extend the restriction bits of 1000 bits to 2216 bits, which has not decided in RAN1. Thus, we should wait for the response from RAN1. It seems that extending the restriction to 2216 bits is possible from RAN1 perspective, and there is no strong opponent. 
For the TBS restriction, whether the TBS restriction includes the bits of a DL-SCH blocking carrying BCCH in the same subframe may need to be identified in RAN2. The maximum number of DL-SCH transport block bits received within a TTI is defined as the maximum number of DL-SCH transport blocks bits that the UE is capable of receiving within a DL-SCH TTI. This number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe. Thus, we think the TBS restriction should include the bits of DL-SCH. 
In order to limit the downlink and uplink maximum TBS size, a new UE category, e.g. represented by Category 0, needs to be defined in 36. 306. Same as categories 1-5, the newly added buffer sizes for Category 0 can be set to: (“Maximum number of DL-SCH transport block bits received within a TTI” + “Maximum number of UL-SCH transport block bits transmitted within a TTI”) *0.075. Thus, if the TBS restriction is 1000 bits, the total layer 2 buffer size is 18750 [bytes]. If the TBS restriction is 2216 bits, the total layer 2 buffer size is 41550 [bytes].
Proposal 1: A new UE Category, presented by Category 0 with the restricted maximum TBS and total layer2 buffer size related to TBS restriction, needs to be defined in 36.306. 
Another parameter set by the field UE Category is the maximum bit size of a MCH transport block received within a TTI for an MBMS capable UE. Since in the initial phase MBMS was not taken into consideration, the broadcast application for low-cost MTC UEs through should be de-prioritized. And whether eMBMS should be supported by low-cost MTC needs to be discussed in RAN2 due to the restriction of maximum TBS.
Proposal 2: Whether eMBMS should be supported by low-cost MTC UE should be discussed in RAN2. 
Besides, there is little impact on RAN2 specification with the uplink maximum TBS size restriction, since the TBS of UL transmission relies on eNB scheduling. It can guarantee that the granted TBS doesn’t exceed the maximum restriction if eNB knows that there is low-cost MTC UE which is being served. The only concerned case is Msg 3 transmission, since eNB can’t recognize each UE until contention is resolved. But also for the same reason, eNB is generally reluctant to grant large TBS with conservative scheduling for Msg3 transmission. Thus, there is no impact on RAN2 due to uplink maximum TBS size restriction.
Observation 1: There is little impact on RAN2 with the uplink maximum TBS size restriction relying on eNB scheduling. 
SI Acquisition Impact 
Due to the TBS restriction of low-cost MTC, the transmission of system information needs to be limited to the TBS restriction. Each SIB contains specific information to indicate the configurations, which are needs by the UE to support the corresponding feature. MIB, SIB1, and SIB2 are required system information in RRC_CONNCTED. Which SIBs are needed by low-cost MTC UEs depends on which features the low-cost MTC UEs support. The payload of SIB1 is small and SIB2 has a payload size of two or three hundreds of bits. Upon acquiring MIB, SIB1 and SIB2, a low-cost MTC UE can establish RRC connection with the network. 
During RAN2’s discussion, the current agreement is that as starting point RAN2 assumes to support all existing functionality. We will only remove or exclude functionality if it provides clear benefits to do so. Thus, all functionalities are assumed to be supported by low-cost MTC UEs. eNBs capable of supporting low-cost MTC UEs needs to apply the TBS restriction for all the SIBs. System information acquisition has been discussed intensively in RAN1 and diverse solutions which had been investigated become convergent. The candidate solutions in RAN1 include the legacy SIB and the new defined SIB. But based on the estimation, the payload of the new SIB may be larger than the TBS restriction. Thus, it may not define a new SIB for low-cost MTC. 
Thus, transmission of system information should be limited to the TBS restriction for low-cost MTC UEs. One solution for this restriction can be based on the network implementation. At eNB side, the eNB capable of supporting low-cost MTC UE should avoid mapping multiple SIBs into the same SI message in case the TBS exceeds the restriction, so that the reception of SIB can be ensured. 
Observation 2: It is not possible to define a new SIB for low-cost MTC, since the payload of the new SIB will be larger than the TBS restriction. 
Proposal 3: The transmission of system information should be limited to the TBS restriction for low-cost MTC UEs by network implementation, e.g., avoiding mapping multiple SIBs into the same SI message. 
Paging Impact 
For the transmission of paging message, similar observations as the above can be made with the same reason. The paging message carried on common channels can be intend for all the UEs or a group of UEs. The size of the message depends on how much UEs will be paged in the same TTI. Due to the TBS restriction for low-cost MTC, they are not expected to have a larger TBS size than the restriction. 
Thus, transmission of paging message should be limited to the TBS restriction for low-cost MTC UEs. One solution for this restriction can be based on the network implementation, without specification impact. At the network side, an eNB capable of supporting low-cost MTC UE can distribute the message intended for different UEs in different transmission occasions of time domain, so that the TBS of paging message can be restricted. At the UE side, paging can be detected in the corresponding paging locations through the legacy procedure. At the same time, the legacy mechanism at eNBs and UEs for paging location calculation can be reused for low-cost MTC. 
Observation 3: Paging message is not expected to be larger than the TBS restriction. 

Proposal 4: The transmission of paging message should be limited to the TBS restriction for low-cost MTC UEs by network implementation.
UE Capability Reporting
As discussed before, a new UE category, e.g. Category 0 is introduced for low-cost MTC UEs. Different from introducing a new UE category in past specifications, this new UE category can’t support any Rel-8 category i.e. Category 1~Category 5 due to the limited maximum TBS. Thus, the network needs to take this new UE category into consideration separately. First of all, eNB needs to identify the low-cost MTC UE. Before reporting the UE’s category, the network will not consider the existence of low-cost MTC UEs. In this case, considering the co-existence of legacy UEs and low-cost MTC UEs, it is very likely that radio resources beyond the low-cost MTC UE’s capability is scheduled by the network. So the low-cost MTC UE may fail to read SIB, paging and RAR. There is a risk that the low-cost MTC UE can never access the network. Therefore, a proper way to make the network aware of the existence of low-cost MTE UE should be considered. Otherwise, the network capable of supporting low-cost MTC UE always assumes the existence of low-cost MTC UE and restricts SIB, paging, and RAR with the reduced bandwidth and limited maximum TBS, which will decrease the efficiency of radio resource. 
Thus, in order to establish or re-establish RRC connection for low-cost MTC UEs, eNB needs to identify the low-cost MTC UEs before sending RAR and Msg4. Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting. Through the dedicated preamble or PRACH resource, the network can identify the low-cost MTC UE. So that the message for low-cost MTC UE is scheduled in the reduced bandwidth, and the maximum TBS is restricted by the network implementation. 
Observation 4: Without restriction on network implementation, low-cost MTC UEs may fail to access the network. 

Observation 5: eNB needs to identify the low-cost MTC UEs before sending RAR and Msg4 to establish or re-establish RRC connection for low-cost MTC UEs. 
Proposal 5: Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting.
During the current network operation, legacy UE doesn’t need to know the network’s capability. For low-cost MTC UE, whether low-cost MTC UE needs to be aware that the network is capable of supporting the feature of low-cost needs to be re-considered. If the low-cost MTC UE isn’t aware of network’s capability, just as mentioned above, one risk is that the low-cost MTC UE can’t acquire all the SIBs. It may keep trying to acquire the SIBs. Another risk is that a low-cost MTC UE acquires SIBs with restricted TBS in a network non-capable of supporting the feature of low-cost, e.g. those SIBs is transmitted within the reduced bandwidth of 6PRBs by coincident. Then the low-cost MTC UE will perform RA procedure to access the network but can’t receive RAR, which is beyond the low-cost MTC UE’s capability. As a result, the low-cost MTC UE may keep trying to access the network. 
In these cases, how to prevent the low-cost MTC UE from acquiring SIBs and accessing the network which actually doesn’t support low-cost MTC UEs needs to be considered. In order to avoid the false access of low-cost MTC UE to the legacy network, eNB may need to indicate whether it supports low-cost or not. This indication can be transmitted in the system information. At the UE side, the low-cost MTC UE acquires the system information to determine the network’s capability. After that, RA is performed if the eNB is capable of supporting the feature of low-cost. 
Observation 6: The low-cost MTC UEs should be aware of the network’s capability to prevent it from acquiring SIBs and accessing the network which actually doesn’t support low-cost MTC UE.
Proposal 6: In order to avoid the false access of low-cost MTC UE to the legacy network, eNB may need to indicate whether it supports low-cost or not.
Parallel DL Reception
In the legacy mechanism, two TBs for PDCCH are broadcasted in one TTI duration. For normal UE, it is required to perform parallel DL reception addressed to different RNTI: such as parallel DL reception of system information and paging, or parallel DL reception of system information and normal data. However, for low-cost MTC UEs, reduced bandwidth of 6PRBs and restricted TBS is required. Thus, there is a risk that low-cost MTC UEs cannot receive two TBs in one TTI in some cases. Thus, parallel DL reception may not be used for low-cost MTC UEs. What the procedure is for the reception of these TBs can be standardized or based on UE implementation. In order to minimize the impact on the specification, UE implementation for the reception of TBs is a better chose. At the network side, there is no impact to legacy mechanism. At the UE side, it’s up to UE implementation to decide which TB to be received in one TTI. 
Observation 7: Low-cost MTC UE is not required to perform parallel DL reception addressed to different RNTI due to the reduced bandwidth and restricted TBS.
Proposal 7: In order to have no impact to legacy mechanism, it’s up to UE implementation to decide which TB to be received in one TTI. 
3 Conclusion
In this contribution, we discussed the issues due to introduction of low-cost MTC UE with the restricted TBS and reduced downlink channel bandwidth. The following observations are made: 

Observation 1: There is little impact on RAN2 with the uplink maximum TBS size restriction relying on eNB scheduling. 
Observation 2: It is not possible to define a new SIB for low-cost MTC, since the payload of the new SIB will be larger than the TBS restriction. 
Observation 3: Paging message is not expected to be larger than the TBS restriction. 

Observation 4: Without restriction on network implementation, low-cost MTC UEs may fail to access the network. 

Observation 5: eNB needs to identify the low-cost MTC UEs before sending RAR and Msg4 to establish or re-establish RRC connection for low-cost MTC UEs. 

Observation 6: The low-cost MTC UEs should be aware of the network’s capability to prevent it from acquiring SIBs and accessing the network which actually doesn’t support low-cost MTC UE.

Observation 7: Low-cost MTC UE is not required to perform parallel DL reception addressed to different RNTI due to the reduced bandwidth and restricted TBS.

We kindly ask RAN2 to take the observation into account when considering the impacts of low-cost, and propose:

Proposal 1: A new UE Category, presented by Category 0 with the restricted maximum TBS and total layer2 buffer size related to TBS restriction, needs to be defined in 36.306. 

Proposal 2: Whether eMBMS should be supported by low-cost MTC UE should be discussed in RAN2. 
Proposal 3: The transmission of system information should be limited to the TBS restriction for low-cost MTC UEs by network implementation, e.g., avoiding mapping multiple SIBs into the same SI message. 

Proposal 4: The transmission of paging message should be limited to the TBS restriction for low-cost MTC UEs by network implementation.

Proposal 5: Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting.
Proposal 6: In order to avoid the false access of low-cost MTC UE to the legacy network, eNB may need to indicate whether it supports low-cost or not.

Proposal 7: In order to have no impact to legacy mechanism, it’s up to UE implementation to decide which TB to be received in one TTI. 
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