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Discussion and Decision
1
Introduction
In this contribution, we further consider the issue of RAR and Paging transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2

RAR Transmission
In RAN1#81, it was agreed as a working assumption that –

· RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
Option 1 refers to transmitting the RAR(s) on the PDSCH that is scheduled by the M-PDCCH and Option 2 refers to M-PDCCH DCI carrying the RAR. 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 Option 1 would be beneficial for transferring multiple MAC RARs. On the other hand, control channel overhead for RAR can be substantial when there is only 1 RAR to send. Therefore, for only 1 RAR, it is more efficient to transmit the MAC RAR in the M-PDCCH (Option 2). Although this approach increases UE complexity, it provides for a solution with minimum overhead. Therefore, the working assumption should be confirmed.
Proposal 1: Confirm the working assumption on RAR transmission from RAN1#81.

One point for FFS is whether the eNB can indicate support for only Option 1 or Option 2 in the SIB. The UE, of course, must support both options. With this indication, the eNB has the choice to use either Option 1 or Option 2 only based on its preference. If the eNB indicates support for only Option 2, then it can only transmit 1 RAR at a time using the M-PDCCH (as agreed in the working assumption). This, however, can already be supported via implementation at the eNB so there is no need to explicitly indicate this. If the eNB indicates support for only Option 1, then there is actually a loss since it must transmit the M-PDCCH + PDSCH in the case of 1 RAR. In addition, as the UE must support Option 2, there would still need to be specification changes to support this feature. Thus, there would be no saving in specific effort. The only benefit would be that the eNB would not have to implement Option 2. But it is expected that implementation of Option 2 would be straightforward once the specification work is done. Therefore, there is no need for eNB to indicate support for only Option 1 or Option 2 in SIB.
Proposal 2: There is no need for eNB to indicate support for only Option 1 or Option 2 in SIB.
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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 subframes of the M-PDCCH are configured separately via the MTC SIB1. 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 easy 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. From the figure, it seen that it is better to have the starting subframe of the M-PDCCH be configured by the MTC SIB1 so that UE would be able to apply the same M-PDCCH configuration for detecting RAR and subsequent transmissions.
Proposal 3: The starting subframe of the M-PDCCH for RAR transmission is configured via MTC SIB1. 
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 4: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.
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Paging Transmission

In RAN1#81, it was agreed as a working assumption that –

· Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 
· Support Option 1 for the case of multiple Paging records in a narrowband
Option 1 refers to transmitting the Paging record(s) on the PDSCH that is scheduled by the M-PDCCH. As discussed in [2], without an associated M-PDCCH, blocking will be an issue especially if the paging messages share the same narrowband region. Multiple narrowband regions would need to be defined and the eNB would have to assign the narrowband region in a random manner to distribute the paging load uniformly. Blocking is not an issue if M-PDCCH is used. The size of a Paging record depends on whether the S-TMSI or IMSI is assumed. If S-TMSI is assumed, the size is 56 bits. If IMSI is assumed, the size can vary from 48 to 104 bits. A very compact DCI, however, can be as small as 18 or 26 bits. Hence, the M-PDCCH can be used to efficiently schedule the Paging record. Therefore, the working assumption should be confirmed.
Proposal 5: Confirm the working assumption on Paging record transmission from RAN1#81.

Paging can also be used to notify UEs of upcoming SI modification as well. In this case, the eNB informs all UEs in RRC_IDLE and RRC_CONNECTED state about a system information change by sending a paging message at each PO during a system information modification period. This, however, is not very efficient since the repetition of M-PDCCH and PDSCH would consume the downlink resource, and the blind detection of M-PDCCH and PDSCH in UE would also increase the UE power consumption. One possibility is to define a common (i.e. cell-specific) PO/PF for notifying SI update. During this PO/PF, the M-PDCCH may be used to indicate SI update in next modification period. No PDSCH transmission of paging message would be necessary.
Proposal 6: Cell-specific PO/PF is defined for SI modification update. The M-PDCCH can be used to indicate SI modification update.
4
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#81.

Proposal 2: There is no need for eNB to indicate support for only Option 1 or Option 2 in SIB.

Proposal 3: The starting subframe of the M-PDCCH for RAR transmission is configured via MTC SIB1.
Proposal 4: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.
Proposal 5: Confirm the working assumption on Paging record transmission from RAN1#81.

Proposal 6: Cell-specific PO/PF is defined for SI modification update. The M-PDCCH can be used to indicate SI modification update.
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