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Discussion and Decision
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Introduction
In this contribution, we further consider the issue of RAR/Msg3/Msg4 transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2

RAR Transmission
In RAN1#82, it was agreed as a working assumption that –

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)
Two alternatives have been considered for RAR – transmitting the RAR(s) on the PDSCH that is scheduled by the M-PDCCH and transmitting the RAR(s) on M-PDCCH via DCI. As noted in [1], for a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually. This is due to the Turbo coding gain with larger packet sizes as well as from the reduction in CRC overhead. For UEs operating CE, the eNB might not configure frequent random access opportunities due to higher overhead. Thus, there may be multiple RARs at the same time. Furthermore, RAR is not sent at a fixed time but within a response window (i.e. multiple possible transmission times). Thus, RAR transmission without an associated M-PDCCH will lose some flexibility and will increase complexity, and this would be beneficial for transmitting multiple MAC RARs. Therefore, the working assumption should be confirmed.
Proposal 1: Confirm the working assumption on RAR transmission from RAN1#82.
Furthermore, in RAN1#82, it was also agreed as a working assumption that –

· 
M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

The PDSCH repetition/TTI bundling makes it is possible to multiplex the response for the preambles detected during a specific RACH opportunity in the same MAC RAR PDU. Each UE may has different requirement for coverage improvement during RA procedure, the multiplex of the RARs from UEs with different repetition level/TTI bundle size may lead to either failed reception of MAC RAR PDU due to insufficient number of repetition or waste of downlink resource because of the excessive repetition. Therefore, it would be beneficial if the RAR records in the same MAC RAR PDU address UEs with the same repetition level/TTI bundle size. To allow for load-balancing, one or more narrowbands can be configured by eNB for RAR. The UE will monitor for RAR in one of the configured narrowbands in the subframe. For example, different narrowbands may be configured based on the PRACH repetition levels (i.e. starting coverage enhancement level).
Proposal 2: One or more narrowbands can be configured for CSS for RAR.

The possible search space (including repetition number) for M-PDCCH scheduling RAR would need to be defined based on the PRACH repetition level. For the RAR, however, the number of repetition can be dynamically indicated by the DCI as in other PDSCH transmissions. This is needed based on the number of RAR records in the same MAC RAR PDU.
Proposal 3: The repetition number of RAR is indicated by the DCI.
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Figure 1. Example of control channel timing for RAR transmission.
Figure 1 illustrates possible transmission options for the control channel that schedules RAR transmission. Two options for control channel timing are possible –

a) The possible starting subframes of the M-PDCCH are determined from the end of the PRACH transmission plus a fixed offset (e.g. 3 subframes as in legacy RAR transmission). In this case, the RAR response window starts after a fixed subframe offset and contains multiple possible control channel opportunities. However, UE may need to detect the control channel for subsequent transmissions (e.g. RRC connection request and RRC connection set up messages) according to the M-PDCCH configuration, which would increase the UE implementation complexity.

b) The possible starting subframe of the M-PDCCH is defined to based on fixed number of M-PDCCH units and always start from the first unit. In this case, the UE always look for the DCI starting at specific subframes. For RAR, the first control channel occasion after the PRACH transmission may be the starting point or the specific subframe within the RAR response window according to the M-PDCCH configuration. With this approach, the detection of control channel for subsequent transmissions would follow the same M-PDCCH configuration and ease the UE implementation.

Note that in both options, the number of repetition to be used by the control and data channels will be specified by the M-SIB or predefined based on the number of repetition for the preamble. As discussed in [2], the common search space can be defined to contain fixed number of M-PDCCH units, and always starts from the first unit.
Proposal 4: The MTC common search space for RAR transmission can be defined to contain fixed number of M-PDCCH units, and always starts from the first M-PDCCH unit in the M-PDCCH occasion period.
Currently, the DCI for RAR is distinguished via the RA-RNTI. The RA_RNTI is defined as RA-RNTI = 1 + t_id + 10*f_id. Given the presence of additional PRACH configurations and large number of repetition needed for control channel coverage enhancement, it is possible that the DCI for different random access responses with the same RA-RNTI may overlap in time. This problem may be severe at large coverage enhancement level (e.g. at 155.7 dB MCL, EPDCCH-based control channel would require 17dB extension, resulting in more than 100 repetitions). While it may be possible to avoid this overlap through implementation, this would restrict eNB flexibility in configuring the PRACHs. Thus, RA-RNTI collision issue should be studied further and potential solutions should be considered. For example, the RA_RNTI definition may be modified to include a term based on the coverage enhancement level or an index of PRACH occasion that maps to the same control region.   

Proposal 5: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.

3

Msg3 Transmission

Currently, Msg3 is scheduled via a DCI and contains the UE identity used for contention resolution and L2/L3 messages. At this point, the eNB has very limited CSI information to determine the appropriate repetition number for the UE. Hence, it may be reasonable to fix the repetition number for Msg3 based on the PRACH repetition level. However, the eNB now has the flexibility to dynamically set the repetition number via the uplink grant. It should be allowed to do this because Msg3 supports HARQ retransmission so it does not have to be received correctly in the first attempt and eNB can select the repetition number based on some other factors such as system load and past performance. Furthermore, some UEs may be given dedicated preambles which the eNB can respond to appropriately.
Proposal 6: eNB dynamically indicates the resource allocation and repetition number for Msg3 via the UL grant in RAR.
4

Msg4 Transmission

Similar to Msg3, Msg4 is scheduled via a DCI. This message is used for contention resolution. However, at this point the UE has not undergone RRC configuration set-up yet. Therefore, M-PDCCH should still be transmitted in the same CSS as RAR and uses the same number of repetition as the RAR M-PDCCH although Msg4 is a unicast message.
Proposal 7: Msg4 is scheduled via CSS M-PDCCH. eNB dynamically indicates the resource allocation and repetition number for Msg4 in the M-PDCCH DCI.
5
Conclusion
In this contribution, we consider RAR and Paging transmission and make the following proposals –

Proposal 1: Confirm the working assumption on RAR transmission from RAN1#82.

Proposal 2: One or more narrowbands can be configured for CSS for RAR.

Proposal 3: The repetition number of RAR is indicated by the DCI.

Proposal 4: The MTC common search space for RAR transmission can be defined to contain fixed number of M-PDCCH units, and always starts from the first M-PDCCH unit in the M-PDCCH occasion period.
Proposal 5: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.
Proposal 6: eNB dynamically indicates the resource allocation and repetition number for Msg3 via the UL grant in RAR.
Proposal 7: Msg4 is scheduled via CSS M-PDCCH. eNB dynamically indicates the resource allocation and repetition number for Msg4 in the M-PDCCH DCI.
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