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1
Introduction
In this contribution, we present our views on the remaining details of UE category type. In particular, we address the following issues:
1. Whether UE supports simultaneous reception of common messages and unicast data.
2. Whether UE supports localized or distributed allocation 
3. Whether to support 15 PRBs as largest assignment size
4. How to indicate eNB about low cost UE category

5. What are the preferred scheduling options for low cost UEs not in coverage enhancement
2
Simultaneous Broadcast and Unicast
In RAN1 #76 meeting, the following was agreed on TBS 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.

The requirement for low cost MTC peak data rate is based on 1000-bit maximum transport block size. Based on this requirement, design proposals have been agreed to reduce the implementation complexity. This includes reduced peak data rate as well as narrowband support. 

The new requirement of supporting up to 2216 bit of transport block size for broadcast is based on the feedback from RAN2 that it is preferred to have the flexibility to maintain the current maximum transport block size for SIB. 

The possible drawback of not supporting simultaneous reception of unicast and broadcast is the potential increase of latency, but since MTC UE is delay tolerant, this does not apply.  Furthermore, broadcast transmission is only infrequent; therefore, supporting higher payload only for broadcast may not necessarily translate into more requirements for UE processing complexity. 

With these considerations in mind, we propose keeping the original design of 1000 bit of maximum transport block size for unicast and do not support simultaneous unicast and broadcast reception. 
Proposal 1:

· Low cost MTC should not support simultaneous reception of broadcast messages and unicast data. 
3
Resources Allocation

With the RB limitation of 6 RBs or less, then the I_TBS has to be at least 18 in order to transmit the 2216 bit within one SF based on the TBS table from 36.213. This translates into 64 QAM with a code rate of around 2/3. This is too high for broadcast channel where all users have to be reached within the cell. So increasing the payload size also requires increase of the RB size limit. During the meeting in RAN1#76, the possibility to increase the PRBs to 15 has been raised. In this case the I_TBS index of 9 is required to transmit the 2216 bit within one SF that translates into modulation orders more suitable for broadcast data transmission. With this consideration, we propose to increase the maximum RB allocation to 15. 
The second design issue is to study how the available PRBs should be allocated. Two possible solutions can be considered: 
· localized allocation

· distributed allocation
In our view, the true narrowband operation for the MTC, including narrowband RF should provide more complexity/cost saving.  So allowing localized resource allocation is more suitable than distributed for a true narrowband operation which may be introduced in the future. Furthermore, the increase of RB allocation to 15 dB can provide better frequency domain diversity.  With these considerations, our preference is to maintain a localized distribution for MTC UE. 

Proposal 2:

· For low cost MTC, support 15 PRB allocation with localized resource allocation.  
4
Indication of Low Cost UEs
Due to the narrow bandwidth as well as transport block size limitations, it is necessary for eNB to differentiate the low cost UE, so that the scheduler does not need to restrict assignments to other regular UEs. 
There are several options in terms of when this indication is conveyed to the eNB:

· Indicating of low cost UE in Msg 1

· Indication of low cost UE in Msg 3

· Indication of low cost UE in later messages

Our preference is to indicate UE category as early as possible. The benefit of earlier indication, such as in Msg 1, is that from Msg 2, eNB can provide assignment to UE according to UE’s category. If the indication is provided in Msg 3, the eNB has to constraint Msg 2 for all users. The Msg 1 indication can be achieved by, for example, setting aside some RACH configurations for low cost UE’s access. 

Proposal 3:

· Propose to indicate low cost MTC category in Msg 1.  
5
Scheduling Options for Low Cost UEs 
In the email discussion [76-11] different options for resource scheduling for Low Cost UEs not in coverage enhanced mode have been defined for both common and unicast data.

Common channels

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame 

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource 

· Option C3: PDSCH cross subframe scheduling 
· Option C4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band

Unicast transmissions
· Option U1:PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe 

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation 

· Option U3: (E)PDCCH cross subframe scheduling using C-RNTI

· Option U4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band. 
We summarize below some consideration about all the different options above:
· Option C1/U1. The low cost UE is required to buffer the entire SF for the entire system bandwidths to gather its resource allocation for both common and unicast data. So with this option, there is no complexity reduction from narrowband operations. 

· Option C2/U2. With this option, narrowband support for PDSCH is still possible, but at the expense of scheduler constraints. 
· Option C3/U3. Using cross subframe scheduling allows UE to process the grant with longer time and process only narrowband data. It also  allows full scheduling flexibility in terms of frequency location of narrowband PDSCH assignment 
· Option C4/U4. Splitting the system bandwidth in two parts, one for legacy UEs and the rest for MTC UEs allows FDM of MTC with other services. Similar scheduler constraints as in option 2. 
According to the considerations above, we prefer option C3/U3 with cross subframe scheduling, which allows scheduling flexibility while maintaining narrowband operation. 
Proposal 4:

· For low cost MTC cross subframe scheduling should be considered for both control and unicast data transmission. 
6
Conclusion

In this contribution, we presented our view on the remaining issues for UE category/type.  

We make the following proposals:

Proposal 1:
· Low cost MTC should not support simultaneous reception of broadcast messages and unicast data. 

Proposal 2:

· For low cost MTC, support 15 PRB allocation with localized resource allocation.  
Proposal 3:

· Propose to indicate low cost MTC category in Msg 1.  
Proposal 4:

· For low cost MTC cross subframe scheduling should be considered for both control and unicast data transmission. 
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