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Introduction
For UEs in enhanced coverage, repetition of preamble transmission is supported. For each random access attempt, a UE repeats preamble transmission for a number of times. Moreover, repetition of M-PDCCH transmission which schedules a RAR is also supported. These two factors may have impact on when a RAR window should start. In this document, we discuss these issues and provide our view. 
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Discussion
In the current MAC spec, a RAR window starts at the subframe that contains the end of the preamble transmission plus three subframes. But for a UE in enhanced coverage, the UE repeats preamble transmission for a number of times for a random access attempt. It may be needed to clarify whether a RAR window starts according to the end of the first preamble transmission or the last preamble transmission of a random access attempt. 
A RAR window could start after the first preamble transmission plus three subframes. In this way, if an eNB successfully receives a preamble before the end of the bundle of preamble transmission, the eNB could proceed with RAR transmission procedure, instead of waiting until the end of the bundle. That may shorten the latency of RAR reception and allow the UE to save battery energy as the UE could stop a bundle if it successfully receives a RAR. 

On the other hand, the RAR window could start after the last preamble transmission of a random access attempt plus three subframes. There may have some drawbacks. For example, the number of repetition for an attempt in CE level X is 64, and the number of repetition for the next CE level Y is 128. After changing from CE level X to CE level Y, if the eNB successfully receives a preamble at 80th repetition, the UE still has to complete whole bundle of transmission before receiving a RAR. However, it is simpler and could support half-duplex UE so we propose this option and provide text proposals in section 4.
Proposal 1: A RAR window starts according to the last preamble transmission of a random access attempt. 
RAN1 agreed to support repetition of M-PDCCH transmission for RAR scheduling. The first subframe for M-PDCCH transmission in a bundle is called a starting subframe which is configured by an eNB. In contrast, current MAC spec specifies that a RAR window starts at the subframe that contains the end of the preamble transmission plus three subframes. However, this subframe may not be a starting subframe for M-PDCCH transmission. Therefore, the M-PDCCH sent in the subframe may not schedule a RAR for the preamble transmission. 
An alternative is to rely on the eNB to configure starting subframes properly so that a starting subframe always occurs after the preamble transmission plus three subframes. However, the M-PDCCH is also used to schedule Msg3 retransmission, and Msg4. Imposing such restriction may decrease eNB scheduling flexibility. 

A simple solution is to start a RAR window at the first M-PDCCH starting subframe after the end of preamble transmission plus three subframes. This ensures that if the eNB receives a preamble from a UE and transmits M-PDCCH to schedule a RAR, the UE could receive the M-PDCCD at the starting subframe afterward. In section 5, we provide corresponding text proposals. 
Proposal 2: A RAR window starts at the first M-PDCCH starting subframe after the end of preamble transmission plus three subframes. 
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Conclusion

In conclusion, we have the following proposals. 
Proposal 1: A RAR window starts according to the last preamble transmission of a random access attempt.
Proposal 2: A RAR window starts at the first M-PDCCH starting subframe after the end of preamble transmission plus three subframes.
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Text Proposals (for Proposal 1)
1.1.1 5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap or Sidelink Discovery Gap for Reception, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes or starts at the subframe that contains the end of the last preamble transmission for a random access attempt plus three subframes. The RA Response window has length ra-ResponseWindowSize subframes. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, 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). The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble.

-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the MAC entity shall regardless of the possible occurrence of a measurement gap or Sidelink Discovery Gap for Transmission:

-
if the Random Access Response contains a Backoff Indicator subheader:

-
set the backoff parameter value as indicated by the BI field of the Backoff Indicator subheader  and Table 7.2-1.

-
else, set the backoff parameter value to 0 ms.

-
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the MAC entity shall:

-
consider this Random Access Response reception successful and apply the following actions for the serving cell where the Random Access Preamble was transmitted:
-
process the received Timing Advance Command (see subclause 5.2);

-
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);

-
process the received UL grant value and indicate it to the lower layers;

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
consider the Random Access procedure successfully completed.

-
else, if the Random Access Preamble was selected by the MAC entity:

-
set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message;

-
if this is the first successfully received Random Access Response within this Random Access procedure:

-
if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission;

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer.

NOTE:
When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response.

NOTE:
If within a Random Access procedure, an uplink grant provided in the Random Access Response for the  same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined.

If no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the MAC entity shall:

-
if the notification of power ramping suspension has not been received from lower layers:

-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

-
if the Random Access Preamble is transmitted on the SpCell:

-
indicate a Random Access problem to upper layers;

-
if the Random Access Preamble is transmitted on an SCell:

-
consider the Random Access procedure unsuccessfully completed.

-
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

-
based on the backoff parameter, select a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value;

-
delay the subsequent Random Access transmission by the backoff time;

-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).
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Text Proposals (for Proposal 2) 
1.1.2 5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap or Sidelink Discovery Gap for Reception, the MAC entity shall monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI defined below, in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes or starts at the first PDCCH starting subframe after the subframe contains the end of the preamble transmission plus three subframes. The RA Response window has length ra-ResponseWindowSize subframes. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, 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). The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble.

-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the MAC entity shall regardless of the possible occurrence of a measurement gap or Sidelink Discovery Gap for Transmission:

-
if the Random Access Response contains a Backoff Indicator subheader:

-
set the backoff parameter value as indicated by the BI field of the Backoff Indicator subheader  and Table 7.2-1.

-
else, set the backoff parameter value to 0 ms.

-
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the MAC entity shall:

-
consider this Random Access Response reception successful and apply the following actions for the serving cell where the Random Access Preamble was transmitted:
-
process the received Timing Advance Command (see subclause 5.2);

-
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);

-
process the received UL grant value and indicate it to the lower layers;

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
consider the Random Access procedure successfully completed.

-
else, if the Random Access Preamble was selected by the MAC entity:

-
set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message;

-
if this is the first successfully received Random Access Response within this Random Access procedure:

-
if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission;

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer.

NOTE:
When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response.

NOTE:
If within a Random Access procedure, an uplink grant provided in the Random Access Response for the  same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined.

If no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the MAC entity shall:

-
if the notification of power ramping suspension has not been received from lower layers:

-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

-
if the Random Access Preamble is transmitted on the SpCell:

-
indicate a Random Access problem to upper layers;

-
if the Random Access Preamble is transmitted on an SCell:

-
consider the Random Access procedure unsuccessfully completed.

-
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

-
based on the backoff parameter, select a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value;

-
delay the subsequent Random Access transmission by the backoff time;

-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).
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