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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The low complexity and coverage improvement features may have some impacts on the RAR transmission, and some agreements were achieved: 
Agreements:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs
· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
This contribution discusses some further issues of the RAR transmission for low complexity MTC UEs based on the agreements above.
Discussion
As described in WID,
·  The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.
This section discusses the RAR transmission resources determine mechanism for the new Rel-13 low complexity UE (with/without CE) only, and assumes that the other UEs with CE can use the similar mechanism.
 Frequency resources determination
 There are two options can be considered:
· Option 1: Define a common narrowband for RAR transmission of all MTC UEs
· Option 2: Define several narrowbands for RAR transmission, each for  a group of MTC UEs
For option 1, it is easy to specify that, if the eNB identifies the preamble is coming from a Rel-13 low complexity UEs (referring to the agreements above), it transmits the relating RAR on a known common narrowband. However, the capacity of a narrowband needs to be evaluated for sending RAR when considering potentially massive numbers of Rel-13 low complexity UEs, and the capacity issues may become limiting if some of the Rel-13 low complexity UEs are in CE mode, for more resources will be used to repeat the RAR transmission. 



If the capacity of a narrowband should be considered, the option 2 can be an alternative mechanism. And the eNB can select the narrowband for RAR transmission based on PRACH resources (i.e. the RAPID and time/frequency resources used), and for UEs in CE mode, the starting/ending subframe, and CE level of the preamble (if the CE level can be concluded by PRACH). 
Proposal 1: The capacity of a 6 PRBs narrowband needs to be evaluated to determine frequency resources used for MTC UEs RAR transmission.
Time resources determination 
If the RAR needs no CE, the time resources can be determined using the current mechanism for less specification impacts. For example, the RAR-window can still be used to keep the eNB flexibility, and keep timing sequence between the preamble and the RAR transmitting.
If the RAR does need CE, some issues need to be considered.
· The CE level of the RAR, i.e. how many subframes need to be used for RAR transmission. 
For the sake of less specification impacts, the RAR CE level can be determined from the PRACH CE level [2]. 
· The subframes used for RAR transmission
On which subframes, the RAR will be transmitted is another issues need to be solved, after the determination of the CE level, i.e. the repetition number of the RAR.  


[bookmark: _Ref410221648]Figure 1 Resources multiplexing of preamble and RAR for different CE level
As shown in Figure 1, there can be three resources multiplexing mode for preamble and eCSS (EPDCCH CSS)/RAR transmission. And the multiplexing mode of one can have no restriction on the multiplexing mode of the other. For example, the preamble transmission of different CE level can use case CMD, and the relating RAR transmission can use TDM or FDM. 
However, the subframes used for RAR transmission have a tight relation with the resources multiplexing of the preamble and eCSS/RAR. For example, if both case1, or both case 2, or both case 3 are used for preamble and eCSS/RAR transmission, the starting subframe Rs of eCSS/RAR repetition can be Ps+k, where Ps is the starting subframe index of preamble repetition, and k is a known parameter. But if the case 1 is used for preamble repetition, and case 2 is used for eCSS/RAR repetition, the starting subframe Rs of RAR repetition can be Pe+k, where Pe is the end subframe index of preamble repetition. It is simple to have k avoid overlap of eCSS/RAR repetition of different CE level.
Proposal 2: The subframes used for eCSS/RAR transmission have relation with the preamble/RAR resources multiplexing mode (TDM/CDM/FDM) of different CE level.
Another issues related the subframes determination used for RAR transmission is if the continuous subframes have to be used. Or a RAR-window, which can include all the RAR repetition for the highest CE level, can be defined, and which subframes are used for certain CE level can be determined according to a pattern, fixed, predefined or configured.
Some other parameters need also be determined other than time/frequency resources, e.g. MCS, and the location of the narrowband for RAR. If the scheduling is used for RAR transmission, i.e, eCSS is introduced for RAR transmission, these parameters can all or partly be carried through eCSS. If the EPDCCH-less is used, the parameters above can be fixed or predefined, or can also be determined based on PRACH. For example, if the RAR CE level can be concluded by PRACH, a smaller MCS can be used for a higher RAR CE level.

RA-RNTI identification
According the current specification, the RA-RNTI is computed as:
RA-RNTI = 1 + t_id + 10*f_id
where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). 
Whether a new RA-RNTI is needed or not is another issue should be considered, if the control channel scheduling (e.g. eCSS) is used for RAR transmission for the new Rel-13 low complexity UEs.
As the RAR messages for Rel-13 low-complexity UEs and/or UEs operating CE are transmitted separately from RAR/Paging messages for other UEs, if different time/frequency resources are used for this separation, then there will not be ambiguous RA-RNTIs in any UE’s resources. Otherwise, a new RA-RNTI may need to be defined to separate the RAR messages transmission.
For RAR messages of UEs operating CE, if the eNB can determine the RAR CE level by PRACH, and transmits the RAR of different CE level on different time/frequency resources (case 2 or case 3 of RAR transmission in Figure 1), no new RA-RNTI is needed, for the UEs with different CE level will detect the control channel on different time/frequency resources. Even for the case 1 of RAR transmission in Figure 1, if the RA-RNTIs calculated according the formula above are different ( case 2 or case 3 of preamble transmission is used), or the  RA-RNTIs calculated according the formula above are  the same, but the different preamble sequences for different CE level (the case 1 is used for preamble transmission), no new RA-RNTI is also needed, for the UEs can distinguish the RAR by the preamble sequence identifier in the RAR. However, this may be lower efficiency, because the UEs have to finish the RAR reception. 
According the discussion above, the new RA-RNTI design can almost be avoided if the eNB can determine the eCSS/RAR CE level by PRACH.
Conclusions
This contribution gives some discussion on the RAR transmission for MTC UES based on our previous contribution for last meeting. The following proposals are presented:
Proposal 1: The capacity of a 6 PRBs narrowband needs to be evaluated to determine frequency resources used for MTC UEs RAR transmission.
Proposal 2: The subframes used for eCSS/RAR transmission have relation with the preamble/RAR resources multiplexing mode (TDM/CDM/FDM) of different CE level.
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