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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 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.

In this contribution, the possible issues due to the introduction of low-cost MTC UE and the impacts on RAN2 are discussed. 

2 Discussion

It has been identified in [1] that the low-cost MTC UE is characterized by single RF chain, downlink and uplink maximum TBS size of 1000 bits, and reduced downlink channel bandwidth of 1.4MHz. 

Single RF chain
As identified in [1] according to the cost reduction evaluation, a single RF chain can provide largest cost reduction, but at the cost of downlink coverage degradation, since UE will not be able to support multi-layer transmission. In current LTE specification, at least two receiver antennas on a UE are assumed, so the single RF chain will result in a coverage gap of approximately 4 dB into the existing deployment. Although single RF chain will require additional work in TSG RAN WG4 to define corresponding performance requirement, it has little impact to RAN2. The problem of coverage degradation due to single RF chain, especially the impact on common channels can be addressed by the feature of enhanced coverage. 

Observation 1: The direct impact of single RF chain on RAN2 is marginal. 

Observation 2: Coverage degradation due to single RF chain can be addressed by the feature of enhanced coverage being discussed for low-cost MTC UE. 

Downlink and Uplink Maximum TBS size of 1000bits

New UE category for low-cost MTC UE
In order to limit the downlink and uplink maximum TBS size to 1000 bits, a new UE category e.g. represented by Category 0 with maximum TBS of 1000 bits needs to be defined in 36. 306. Same as categories 1-5, the newly added buffer sizes were 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; so the Total layer 2 buffer size is 19 000[bytes]. 

Proposal 1: A new UE category present by Category 0 with maximum TBS of 1000bits and total layer2 buffer size of 19000 bytes needs to be defined in 36.306. 

Another parameter set by the field UE Category is the maximum number of bits 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. 

Proposal 2: Low-cost MTC UE supporting MBMS should be de-prioritized in RAN2 work.

Impact to downlink and uplink transmission

There is little impact on RAN2 specification with uplink maximum TBS size restricted to 1000bits, since the TBS of UL transmission relies on eNB scheduling. It can guarantee that the granted TBS doesn’t exceed 1000bits if eNB knows that a low-cost MTC UE 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. 

Observation 3: There is no impact on RAN2 due to uplink Maximum TBS size of 1000bits. 

For DL uni-cast transmission, the same observation as the above can be made with the same reason. The cases need to be concerned is what carried on common channels, such as Paging, system information and RAR, which is intend for all the UEs or a group of UEs. For paging and RAR, although the size of the message depends on how much UEs will be paged or responded in the same TTI, they are not expected to have a large TBS size more than 1000bits. Without specification impact, an eNB capable of supporting low-cost MTC UE can distribute the message intended for different UEs in different transmission occasions of time domain. 

Observation 4: Paging and RAR are not expected to be larger than 1000bits. 

Each SIB contains specific information. MIB, SIB1 and SIB2 are required system information in RRC_CONNCTED. SIB 8 is also required depending on support of CDMA 2000. 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. eNB capable of supporting low-cost MTC UE should avoid mapping multiple SIBs into the same SI message in case the TBS exceeds 1000bits, so that the reception of SIB can be ensured. 

Proposal 3: TBS of SI message should be limited to 1000bits by network implementation e.g. avoiding mapping multiple SIBs into the same SI message. 

Reduced downlink channel bandwidth of 1.4 MHz
Impact to System Information

For low cost MTC UE, downlink data transmission is restricted to 1.4 MHz and each PDSCH allocation is thus limited to max 6 RBs. There is no problem for uni-cast. However, it is problematic for broadcast due to the co-existence of legacy UE and low-cost MTC UE. SIB transmissions over PDSCH need to be transmitted within 1.4 MHz in order to ensure the reception by low-cost MTC UE. Network implementation can schedule the common SIB within the reduced bandwidth of 6RBs similar to LTE operation in 1.4MhHz system bandwidth. The restriction to SIB transmission is transparent to both legacy UE and low-cost MTC UE. Although network implementation can deal with the co-existence of legacy UE and low-cost MTC UE, the flexibility of eNB scheduling is also restricted, which will also impact the performance of regular UE. 

Or separate transmission for the SIBs relevant to the low-cost MTC UE is performed with another 2.3.2 Impact to RAR

Another DL transmission with common message is RAR. If the eNB can’t identify the low-cost MTC UEs on reception of preamble, eNB is likely to schedule RAR out of the bandwidth that the low-cost MTC UE can received. In order to ensure the reception of RAR by the low-cost MTC UE, eNB can either always restrict RAR transmission within 1.4MHz or distinguish legacy UE and low-cost MTC UE through preamble transmission, which means specific PRACH resources is introduced for low-cost MTC UE. 

Observation5: The impact to SIB and RAR due to reduced downlink channel bandwidth can either be handled by network implementation or specification. 

Based on observation 6& 7, considering the restriction to network scheduling and the side effects on the legacy UE, we prefer to deal with the impact due to reduced downlink channel bandwidth through standardization.   

Proposal 4: The problem on SIBs and RAR due to reduced downlink channel bandwidth can be solved through standardization. 

Configuration and Capabilities of Low Cost UEs

As proposed in section 2.2, a new UE category, e.g. Category 0 is introduced for low-cost MTC UE. 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. Before reporting its category, the network will not consider the existence of low-cost MTC UE. Considering the co-existence of legacy UE and low-cost MTC UE, 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 UEs 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. 

Observation 6: Without restriction on network implementation, low-cost MTC UE may fail to access the network. 

Proposal 5: The network should be aware of the existence of the low-cost MTC UE.  

Currently, 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 UEs can’t acquire all the SIBs. It may keep trying to acquire the SIBs. There is also another risk that a low-cost MTC UE acquires SIBs in a network non-capable of supporting the feature of low-cost, e.g. those SIBs is transmitted within the reduced bandwidth of 6RBs by coincident. Then the low-cost MTC UE initiate RA procedure to access the network but can’t receive RAR, which is beyond the low-cost MTC UE’s capability. Then the UE may keep trying to access the network. In those cases, how to prevent the low-cost MTC UE from acquiring SIBs and accessing the network needs to be considered. 

Proposal 6: The low-cost MTC UE should be aware of the network’s capability. 

3 Conclusion
In this contribution, we discusses the issues due to introduction of low-cost MTC UE with the characteristics of single RF chain, downlink and uplink maximum TBS size of 1000 bits, and reduced downlink channel bandwidth of 1.4MHz. Following observations are made. 

Observation 1: The direct impact of single RF chain on RAN2 is marginal. 

Observation 2: Coverage degradation due to single RF chain can be addressed by the feature of enhanced coverage being discussed for low-cost MTC UE. 

Observation 3: There is no impact on RAN2 due to uplink Maximum TBS size of 1000bits. 

Observation 4: Paging and RAR are not expected to be larger than 1000bits. 

Observation5: The impact to SIB and RAR due to reduced downlink channel bandwidth can either be handled by network implementation or specification. 

Observation 6: Without restriction on network implementation, low-cost MTC UE may fail to access the network. 

We have following proposals:

Proposal 1: A new UE category present by Category 0 with maximum TBS of 1000bits and total layer2 buffer size of 18000 bytes needs to be defined in 36.306. 

Proposal 2: Low-cost MTC UE supporting MBMS should be de-prioritized in RAN2 work
Proposal 3: TBS of SI message should be limited to 1000bits by network implementation e.g. avoiding mapping multiple SIBs into the same SI message. 

Proposal 4: The problem on SIBs and RAR due to reduced downlink channel bandwidth can be solved through standardization. 

Proposal 5: The network should be aware of the existence of the low-cost MTC UE.  

Proposal 6: The low-cost MTC UE should be aware of the network’s capability. 
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