3GPP TSG-RAN2 #85bis Meeting
R2-141434
Valencia, Spain, March 31th – April 4th, 2014
Agenda Item:
7.7
Source: 
MediaTek Inc.

Title: 
Impacts of low-cost MTC on RAN2
Document for:
Discussion and decision

1 Introduction

The new WI “low-cost & enhanced coverage MTC UE for LTE” was approved in [1] during RAN#60 and updated in the RAN#63 [2]. A new UE category/type for MTC operation in all LTE duplex modes is introduced and specified, which supports some special capabilities. 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.” Moreover, some issues were agreed in RAN2 #84 and #85 meeting. But there are still many problems need to be discussed and clarified. 
In this contribution, RAN2 impacts on UE capability reporting, paging, and system information due to the introduction of low-cost MTC are discussed. 

2 Discussion
SI Acquisition Impact 
Due to the TBS restriction and the reduced bandwidth for low-cost MTC, eNBs capable of supporting low-cost MTC UEs needs to apply the TBS restriction of 2216 bit and bandwidth restriction of 6PRBs for the system information. However, there is a risk that 6PRBs may not support up to a TBS of 2216bits since the TB for common channels can’t be self decodable due to the high code rate (>0.93). 
One solution is to rely on the HARQ retransmission to make the system information attainable without increase the transmission bandwidth. It can support the restricted TBS transmission in 6PRBs, but with more HARQ retransmissions required. Thus, a longer time may be needed to aggregate these retransmissions. This may require eNB to configure a longer SI-window for the retransmission of system information, which will increase the latency for UE to acquire the system information. For low cost MTC UE, the latency can be acceptable since the traffic is delay tolerant. Another solution to resolve this problem is to extend the restriction of 6PRBs to a wider bandwidth, e.g. to 12PRBs, but there is a substantial cost saving loss because of the increased bandwidth. At the same time, the SIBs with the same periodicity are not necessarily to be transmitted in the same SI message. Thus, it is possible to provide self decodable code rate (<0.93) by restricting the transmission of system information in 6PRBs. There is no need to define a new SIB for low cost MTC UE. the first solution has no impact on the UE behavior, and the current specification can be re-used. So we think it is reasonable to re-use the current specification by configuring a longer SI window to transmit the system information with restricted TBS in 6PRBs for low cost MTC. 

Observation 1: Configuring a longer SI window at eNB to transmit restricted TBS in 6PRBs for low cost MTC has no impact on the current specification and UE behavior. 

Observation 2: Extending 6PRBs is not necessary for the transmission of system information with restricted TBS, since the system information can be attainable through HARQ retransmission. 
Proposal 1: In order to transmit the system information with restricted TBS in 6PRBs, re-using the current specification by configuring a longer SI window at eNB is a potential solution with no impact to the current procedure. 
Paging Impact 
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 and reduced bandwidth for low-cost MTC, the TBS of the paging message should be restricted to 2216 bit with the reduced bandwidth of 6 PRB. Whether eNB knows whether the paged UE is low cost or not before the transmission for the paging message is a problem. 
One solution for the paging message transmission 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. Meanwhile, the transmission for paging message can be restricted in 6PRBs by network implementation. At the UE side, paging can be detected in the corresponding paging locations through the legacy procedure. 

In this solution, there is no need for eNB to aware which UE is the low cost MTC UE. The transmission of paging message is always restricted at network side, which will lead low resource efficiency. It is pure network implementation. Besides, for LC MTC, there is only 1 Rx. Based on RAN1 evaluation, 4dB coverage gain for common channel may be needed to achieve the same coverage as LTE UE. Thus, at network, in order to compensate this 4dB coverage gap, eNB that is not aware the low cost MTC UE will increase power for paging of both low cost MTC UE and normal UE. It is a great waste of the resource. 

Observation 3: One potential solution for the paging message transmission is to restrict the TBS and transmission in 6PRBs for low cost MTC UEs and normal UEs. 
Another solution is that after UE reports its capability when the UE camps on the network, eNB forwards the information to MME. When MME wants to page a low cost MTC UE, it informs eNB that the paged UE is low cost MTC. The difference from current behavior at the network side is that eNB needs to differentiate the paging request message to figure out who is low cost MTC UE. eNB restricts the transmission for paging message for low cost MTC UE in 6PRBs, and restricts the TBS for paging message to the maximum TBS.  
In this solution, eNB can just restrict the transmission of paging message only for low cost MTC UEs. And power boosting to compensate the 4dB coverage gap at eNB is needed only for low cost MTC UEs. This will lead high resource efficiency. At the same time, this solution also has no impact to UE. It is eNB implementation. So we think it is a reasonable potential solution for the paging message transmission. 
Observation 4: Another potential solution for the paging message transmission is to restrict the TBS and transmission in 6PRBs for low MTC UE by eNB implementation who knows who low cost MTC UE is. 
Proposal 2: The transmission of paging message for low cost MTC UE is restricted at network side by network implementation, where eNB knows who the low cost MTC UE is.
UE Capability Reporting
As discussed before, a new UE category, 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 and the reduced bandwidth. Thus, 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, it is very likely that radio resources beyond the low-cost MTC UE’s capability is scheduled by the network. There is a risk that the low-cost MTC UE can never access the network due to the failure of RAR. Therefore, a proper way to make the network aware of the existence of low-cost MTE UE should be considered. 
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 Msg2 or Msg4. It means that UE capability can be transmitted in Msg1 or Msg3. Which one the capability reporting is carried on depends on whether eNB needs to know which PRBs to use for Msg2. Based on our estimation, since the minimum RAR window is 1, the maximum TBS for RAR transmission is 2216 bits, which can accommodate about 17 UEs. In the realistic network, the typical TBS is smaller than the TBS restriction, since there will not be so many UEs will transmit different preambles in the same TTI with the same resource.. Besides, network can schedule the RAR identified by different RA-RNTI for different UE group after network knows the capability of low cost MTC UEs. Thus, it is better to identify the low cost MTC UE before sending RAR. Meanwhile, for LC MTC, there is only 1 Rx. Based on RAN1 evaluation, 4dB coverage gain for common channel may be needed to achieve the same coverage as LTE UE. In this case, eNB shall identify the low cost MTC UE when sending RAR, and shall not multiplex with normal UE from cell efficiency perspective. 
Thus, we slightly prefer to report the UE capability in Msg1. Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting. The network can identify the low-cost MTC UE. 
Observation 5: Without restriction for maximum TBS or reduced bandwidth on network implementation, low-cost MTC UEs may fail to access the network. 

Observation 6: eNB needs to identify the low-cost MTC UEs before sending RAR to establish or re-establish RRC connection for low-cost MTC UEs. 
Proposal 3: Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting.
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: Configuring a longer SI window at eNB to transmit restricted TBS in 6PRBs for low cost MTC has no impact on the current specification and UE behavior. 

Observation 2: Extending 6PRBs is not necessary for the transmission of system information with restricted TBS, since the system information can be attainable through HARQ retransmission. 
Observation 3: One potential solution for the paging message transmission is to restrict the TBS and transmission in 6PRBs for low cost MTC UEs and normal UEs. 

Observation 4: Another potential solution for the paging message transmission is to restrict the TBS and transmission in 6PRBs for low MTC UE by eNB implementation who knows who low cost MTC UE is. 

Observation 5: Without restriction for maximum TBS or reduced bandwidth on network implementation, low-cost MTC UEs may fail to access the network. 

Observation 6: eNB needs to identify the low-cost MTC UEs before sending RAR to establish or re-establish RRC connection for low-cost MTC UEs. 

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

Proposal 1: In order to transmit the system information with restricted TBS in 6PRBs, re-using the current specification by configuring a longer SI window at eNB is a potential solution with no impact to the current procedure. 
Proposal 2: The transmission of paging message for low cost MTC UE is restricted at network side by network implementation, where eNB knows who the low cost MTC UE is.

Proposal 3: Dedicated preamble or PRACH resource for low-cost MTC UE can be considered as one potential solution for capability reporting.
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