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1   Introduction
In RAN1#86BIS and RAN1#87 meetings, RAN1 has achieved some agreements on voice and video coverage enhancements and sent them to RAN2 in the LSs in [1] and [2]. In this contribution, we discuss the MAC layer impacts of voice and video coverage enhancements according to RAN1 agreements.
2   Discussion
2.1   Configuration
There are following three parameters listed in the RRC parameters attached in RAN1 LS [1]: 

· interval-ULHoppingPUSCHEnh
· pusch-HoppingOffsetPUSCHEnh
· PUSCHEnh-Configuration
For interval-ULHoppingPUSCHEnh and pusch-HoppingOffsetPUSCHEnh, although they are cell specific mentioned in the RAN1 LS, considering they are only used for PUSCH enhancement mode in RRC_CONNECTED these two parameters can be included in the PhysicalConfigDedicated IE.

Proposal 1: Add interval-ULHoppingPUSCHEnh and pusch-HoppingOffsetPUSCHEnh in PhysicalConfigDedicated IE.

For PUSCHEnh-Configuration, this parameter is used to indicate the UE to transmit in the new PUSCH enhancement mode. RAN1 agreed that UE is RRC reconfigured to switch between normal mode and the new PUSCH enhancement mode, and RAN1 also agreed that when configured in the new PUSCH enhancement mode, in the common search space the UE monitors DCI0 (without HARQ process ID) and DCI1A [3]. It means the UE needs to monitor the DCIs after receiving RRC configuration for mode switch, therefore the RRC configuration should not be included in the handover structure. In addition we think a separate PUSCHEnh-Configuration flag is not needed since if the interval-ULHoppingPUSCHEnh or pusch-HoppingOffsetPUSCHEnh is configured the UE can understand it should transmit into the new PUSCH enhancement mode. The appropriate description on the optional structure should be added to make the UE behaviour clear.
Proposal 2: The switch between normal mode and the PUSCH enhancement mode should be done by normal RRC connection reconfiguration instead of handover.

The PUSCH enhancement mode is enabled when the coverage condition becomes worse because the UE moves to the cell edge etc. For simplicity, we think the PUSCH enhancement mode can be only used on PCell and how to avoid scheduling voice/video service on the SCell in bad coverage can be left to eNB’s implementation.
Proposal 3: The PUSCH enhancement mode can be enabled only on PCell.
2.2   HARQ
2.2.1   General
According to RAN1 LS, the HARQ process ID of PUSCH is indicated in DCI in the new PUSCH enhancement mode [1], thus UL asynchronous HARQ can be used in the new PUSCH enhancement mode for voice and video coverage enhancements. 

Proposal 4: UL asynchronous HARQ is used in the new PUSCH enhancement mode.

Currently the CURRENT_IRV is set by MAC layer in normal asynchronous HARQ and set by PHY layer in asynchronous HARQ for eMTC. Since the UE is also in enhanced coverage when it is in PUSCH enhancement mode, CURRENT_IRV also should be set by PHY layer not MAC layer.

Proposal 5: The CURRENT_IRV is not set by MAC layer in PUSCH enhancement mode.
2.2.2   HARQ operation switching

UL asynchronous HARQ has already been specified, and the UE always uses UL asynchronous HARQ in eMTC, eLAA and NB-IoT. However for eVoLTE, the UE may start with UL synchronous HARQ and switch the HARQ entity to UL asynchronous HARQ when transmit into PUSCH enhancement mode on the serving cell. If the coverage condition becomes better the UE may fall back to normal mode to save DCI resources for asynchronous HARQ and enable MIMO for the UE in normal coverage. RAN1 has agreed that UE is RRC reconfigured to switch between normal mode and the new PUSCH enhancement mode. So the switching between UL asynchronous HARQ and UL synchronous HARQ should be supported.
Proposal 6: Support the switching between UL asynchronous HARQ and UL synchronous HARQ.
According to RAN1 agreement, the mode switch from normal mode to PUSCH enhancement mode is indicated by RRCConnectionReconfiguration. And after the eNB sends RRCConnectionReconfiguration, it will indicate a DCI addressed to C-RNTI with HARQ process ID and repetition number information for asynchronous HARQ. The UE can switch to asynchronous HARQ once it receives the RRC message but the HARQ procedure does not work until receive this DCI. Therefore it is more reasonable that the UE switches to asynchronous HARQ on the serving cell when it receives the DCI with HARQ process ID. On the contrary, after the eNB indicates the UE to switch from PUSCH enhancement mode to normal mode by RRCConnectionReconfiguration it also should indicate a DCI addressed to C-RNTI without HARQ process ID for synchronous HARQ, thus the UE can switch to synchronous HARQ on the serving cell when it receives the DCI without HARQ process ID.
Proposal 7: The UE switches all HARQ processes from synchronous HARQ to asynchronous HARQ on the serving cell when it receives a DCI addressed to C-RNTI with HARQ process ID, and the UE switches all HARQ processes from asynchronous HARQ to synchronous HARQ on the serving cell when it receives a DCI addressed to C-RNTI without HARQ process ID.
After finishing the HARQ operation switching, some abnormal cases may happen for example RLF is detected or UL synchronization status is “non-synchronized”. For RLF case, the default MAC main configuration are used in the RACH process for RRC connection reestablishment, thus synchronous HARQ will be used in this case and no need to change current specification in our understanding. If UL synchronization status is “non-synchronized”, the eNB may trigger a non-contention based RACH or contention based RACH by PDCCH order. And when the UE is in PUSCH enhancement mode, if new UL data arrives contention based RACH also might be triggered. If non-contention based RACH is triggered, the UE can still use the same HARQ operation to send Msg3 as that used before RACH procedure since the eNB can recognize the UE, and nothing needs to be specified in MAC layer. If contention based RACH is triggered, the UE should switch to synchronous HARQ to send Msg3 if asynchronous HARQ is used before RACH procedure since the eNB cannot recognize the UE. Furthermore, if the eNB decides to configure PUSCH enhancement mode after it sends PDCCH order to the UE, RACH procedure should be finished first else the HARQ ACK/NAK for RRCConnectionReconfiguration may not be received correctly since the uplink synchronization is not finished.
Proposal 8: The UE does not need to change the HARQ operation on the serving cell for non-contention based RACH.
Proposal 9: The UE switches all HARQ processes from asynchronous HARQ to synchronous HARQ on the serving cell for contention based RACH.
During the HARQ operation switching, the UE may have pending MAC PDUs in HARQ buffers. We think there are two possible options to handle these pending MAC PDUs:
· Option 1: flush all HARQ buffers;
· Option 2: not flush HARQ processes (i.e., share the HARQ processes).
Option 1 doesn’t allow retransmission of the pending PDU and is simple but causes PDU loss which is harmful to voice/video quality. However considering RLC layer and upper layer have mechanism to require retransmission, maybe the lost PDU will not reduce voice/video quality significantly. In Option 2, in order to share the HARQ processes, one possible method is to define an implicit HARQ process ID to every PUSCH transmission in synchronous HARQ. For example, for FDD [(SFN * 10) + subframe number] % 8 is used to calculate the implicit HARQ process ID in synchronous HARQ. In this way after the mode switch both eNB and UE use the same HARQ process as before the mode switch, and the packets can be retransmitted smoothly. Option 2 allows retransmission of the pending PDU and can avoid PDU loss but is more complex. For simplicity, we prefer Option 1.

Proposal 10: The UE flushes all HARQ buffers on the serving cell and not allow retransmission of the pending data when switching between asynchronous HARQ and synchronous HARQ.
If Proposal 10 can be agreed, the first transmission of each HARQ process will be seen as a new transmission after the HARQ operation switches. Thus the procedure for new transmission in asynchronous HARQ and synchronous HARQ are also applicable to the UE when the HARQ operation switches. 
Proposal 11: Current HARQ procedures for new transmission in asynchronous (synchronous) HARQ can be used when the UE switches from synchronous (asynchronous) HARQ to asynchronous (synchronous) HARQ.

2.3   SPS
As discussed in Section 2.2, a DCI addressed to C-RNTI can be used to trigger the UE switching between normal mode and PUSCH enhancement mode. If SPS has been configured, how to handle SPS configuration needs to be discussed. 

If UL SPS in PUSCH enhancement mode is supported, one possible way is that PHY layer sends a DCI addressed to SPS-C-RNTI to trigger switching. Similar with Proposal 7, when the UE receives a DCI addressed to SPS-C-RNTI with HARQ process ID it switches the modes, and the consequent processes are same as proposed in Section 2.2. This method depends on RAN1 design.

If RAN1 has no method to handle SPS, a simple way is that UL SPS in PUSCH enhancement mode is not supported during the mode switching. In this way when the PUSCH enhancement mode is enabled by RRC message, UL SPS configuration should be released in the same RRC message. After the UE responses RRCConnectionReconfigurationComplete to the eNB, the eNB can reconfigure and trigger UL SPS using the existing procedure.
Furthermore when the UE is in PUSCH enhancement mode, the UL SPS interval may be long to adapt more repetition number in PHY layer. Then when the UE switches from normal mode to PUSCH enhancement mode the SPS configuration may also need to be reconfigured and the existing SPS reconfiguration mechanism can be reused. 
Proposal 12: Whether UL SPS scheduling is supported in PUSCH enhancement mode depends on RAN1.
2.4   DRX
There are some timers related to DRX, where drx-ULRetransmissionTimer and UL HARQ RTT Timer are per HARQ process, and onDurationTimer and drx-InactivityTimer are per MAC entity. And drx-ULRetransmissionTimer and UL HARQ RTT Timer are only applicable for UL asynchronous HARQ. If Proposal 10 can be agreed, the timers per HARQ process should be stopped in all HARQ processes if they are running when the UE switches between synchronous HARQ and asynchronous HARQ on the serving cell, and can be handled same as in current specification after the UE finishes the HARQ operation switching.
Proposal 13: The UL HARQ RTT Timer and drx-ULRetransmission Timer in all HARQ processes can be started or stopped same as in current specification when the UE switches from synchronous HARQ to asynchronous HARQ.
Proposal 14: The UL HARQ RTT Timer and drx-ULRetransmission Timer in all HARQ processes should be stopped if they are running when the UE switches from asynchronous HARQ to synchronous HARQ.
3   Conclusion
In this contribution, we discuss voice and video coverage enhancements and have the following observations and proposals:

Proposal 1: Add interval-ULHoppingPUSCHEnh and pusch-HoppingOffsetPUSCHEnh in PhysicalConfigDedicated IE.
Proposal 2: The switch between normal mode and the PUSCH enhancement mode should be done by normal RRC connection reconfiguration instead of handover.

Proposal 3: The PUSCH enhancement mode can be enabled only on PCell.
Proposal 4: UL asynchronous HARQ is used in the new PUSCH enhancement mode.

Proposal 5: The CURRENT_IRV is not set by MAC layer in PUSCH enhancement mode.

Proposal 6: Support the switching between UL asynchronous HARQ and UL synchronous HARQ.
Proposal 7: The UE switches all HARQ processes from synchronous HARQ to asynchronous HARQ on the serving cell when it receives a DCI addressed to C-RNTI with HARQ process ID, and the UE switches all HARQ processes from asynchronous HARQ to synchronous HARQ on the serving cell when it receives a DCI addressed to C-RNTI without HARQ process ID.
Proposal 8: The UE does not need to change the HARQ operation on the serving cell for non-contention based RACH.

Proposal 9: The UE switches all HARQ processes from asynchronous HARQ to synchronous HARQ on the serving cell for contention based RACH.

Proposal 10: The UE flushes all HARQ buffers on the serving cell and not allow retransmission of the pending data when switching between asynchronous HARQ and synchronous HARQ.

Proposal 11: Current HARQ procedures for new transmission in asynchronous (synchronous) HARQ can be used when the UE switches from synchronous (asynchronous) HARQ to asynchronous (synchronous) HARQ.
Proposal 12: Whether UL SPS scheduling is supported in PUSCH enhancement mode depends on RAN1.

Proposal 13: The UL HARQ RTT Timer and drx-ULRetransmission Timer in all HARQ processes can be started or stopped same as in current specification when the UE switches from synchronous HARQ to asynchronous HARQ.

Proposal 14: The UL HARQ RTT Timer and drx-ULRetransmission Timer in all HARQ processes should be stopped if they are running when the UE switches from asynchronous HARQ to synchronous HARQ.
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