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1. Introduction

In RAN1 #98 meeting, we had the following agreements and working assumptions on Support of Quality report in Msg3 and Connected Mode for MTC [1].

Agreement

· CQI report and DL quality report are separate features and it is up to eNB configuration/triggering (UE can be configured to report both CQI and DL quality)

· Specify DL quality information with up to 8 bits for DL quality report in Msg3 report non-EDT case.

· In addition to the 8-bit DL quality report, DL quality report with 2 bits is supported for non-EDT case

· FFS: Details on the range of DL quality information for the 2-bit case

· If the quality reporting in Msg-3 is configured in SIB

· If the scheduled TBS is large enough for inclusion of the 8-bit DL quality report, the 8-bit DL quality report is used

· Otherwise, the 2-bit DL quality report is used.

· For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if the repetition number in DL quality information equals to 1

· Repetition number =1 is reported with aggregation level

· A common table is used for CE mode A and B 

· For DL quality report in Msg3 for IDLE mode UEs, downlink quality is measured on the narrowband(s) on which MPDCCH of RAR is monitored. No additional downlink quality measurement on other narrowband(s) is introduced.

· For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if frequency hopping for MPDCCH is enabled, 

· Only wideband DL quality is reported.

· For DL quality report not in Msg3 in connected mode, DL quality report is configured by UE-specific RRC signaling.

· For DL quality report in Msg3 in connected mode, the configuration of DL quality report is selected between in RAN1#98bis:

· SIB

· Reuse the configuration of DL quality report in Msg3 in IDLE mode

· UE-specific RRC signaling 

· Reuse the configuration of DL quality report not in Msg3 in connected mode

Working Assumption:

· If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode

In this contribution, some remaining issues related to quality report in Msg3 and Connected Mode in MTC are discussed.
2. Channel quality report in RRC_IDLE mode

2.1. Narrowband(s) for report when hopping is enabled
Since in RRC_IDLE mode, only wideband DL quality is agreed to be reported in Msg3 for CE mode A with up to 8 bits if frequency hopping for MPDCCH is enabled, it is suggested that the same scheme is supported for DL quality report in Msg3 with 2 bits for non-EDT case. Moreover, the scheme could also be supported for CE mode B.

Proposal 1: In RRC_IDLE mode, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported in Msg3 for CE mode A with 2 bits for non-EDT case.
Proposal 2: In RRC_IDLE mode, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported in Msg3 for CE mode B.
3. Channel quality report in RRC_CONNECTED mode

For channel quality report in RRC_CONNECTED mode, it can be used in the following two typical scenarios:

· Scenario 1: Aperiodic DL quality report when UL is synchronized
· Scenario 2: DL quality report during/after UL Re-synchronization
Channel quality report in RRC_CONNECTED mode is mostly used for scenario 1 to improve the DL transmission performance by scheduling the UE more efficiently based on the reported aperiodic DL quality.  
For Scenario 2, in general, TA timer is used to evaluate whether UL is synchronous. When the TA timer expires, UL is regarded as asynchronous. The mechanism for UL Re-synchronization can be triggered by eNB or the UE itself. When UL Re-synchronization happens, the time interval from the moment of last TA update is quite long, thus the UL/DL channel quality of the UE may have already changed. When UL is recovered to synchronous status, the UL/DL channel quality of the UE stored in the eNB may not be suitable for scheduling the next UL/DL transmission of the UE. During/after Re-synchronization procedure, if the updated UL/DL channel quality can be acquired by the eNB as soon as possible, the performance of UL/DL transmission can be improved by using the updated information of UL/DL channel quality for scheduling. 
Observation 1: In RRC_CONNECTED mode, DL channel quality report is necessary during the UL Re-synchronization procedure when the UE recovers from UL asynchronous status.
Observation 2: When UL is asynchronous, the time interval from the moment of last TA update is quite long, thus the UL/DL channel quality of the UE may have already changed.

Observation 3: The UL/DL channel quality of the UE stored in the eNB may not be suitable for scheduling the next UL/DL transmission of the UE when UL Re-synchronization.

Observation 4: During UL Re-synchronization procedure, if updated UL/DL channel quality can be acquired by the eNB as soon as possible, the performance of UL/DL transmission can be improved by using the updated UL/DL channel quality for scheduling.

In Scenario 2, the UL channel quality can be measured by eNB based on the received preamble while the DL channel quality can be measured by the UE and reported in Msg3 or via PUSCH after UL Re-synchronization procedure which is depended on the detailed random access procedure used for UL Re-synchronization. Moreover, there are two types of random access procedure for UL Re-synchronization that have already been supported in legacy system, where:

· Type 1: Contention based random access procedure in RRC_CONNECTED mode triggered by the UE itself or by eNB via PDCCH order;
· Type 2: Non-contention based random access procedure in RRC_CONNECTED mode triggered by eNB via PDCCH order;
For Type 1 random access procedure, in RAN1 #98 it was agreed that DL quality report in Msg3 is supported. SIB that is used for enabling of DL quality report in Msg3 in RRC_IDLE mode can be reused for DL quality report in Msg3 in RRC_CONNECTED mode. If it is enabled, DL quality can be carried in MAC CE and sent in Msg3 during Type 1 random access procedure. 
Proposal 3: SIB that is used for enabling of DL quality report in Msg3 in RRC_IDLE mode is reused for the enabling of DL quality report in Msg3 in RRC_CONNECTED mode.

For Type 2 random access procedure, i.e., non-contention based random access procedure, if MAC CE is used to trigger DL channel quality report after UL Re-synchronization, in order to achieve accurate measurement result of DL channel quality, a large measurement Gap should be configured by the eNB. After the measurement in the measurement Gap, a PUSCH scheduled by UL grant is used to send the DL channel quality. It can be seen that the latency of DL channel quality report is large. If DL quality report triggered by PDCCH order can be supported, the UE can do DL channel measurement during the procedure of UL Re-synchronization and send channel quality report via PUSCH which is scheduled by UL Grant in MAC RAR. Compared with “MAC CE” based triggering mechanism, PDCCH order based triggering mechanism has the merit of saving overhead of triggering signaling and reducing the latency of channel quality report.
Observation 5: PDCCH order that is used for triggering non-contention based random access procedure can be used to indicate channel quality measurement of UE implicitly without additional signaling overhead.
Observation 6: Compared with “MAC CE” based triggering mechanism, PDCCH order based triggering mechanism has the merit of saving overhead of triggering signaling and reducing the latency of channel quality report.
Proposal 4: PDCCH order can be used to trigger channel quality report in PUSCH after non-contention based random access procedure.

4. Conclusions

In this contribution, we have discussed the remaining issues related to quality report in Msg3 and Connected mode in MTC. We have the following observations and proposals.

Observation 1: In RRC_CONNECTED mode, DL channel quality report is necessary during the UL Re-synchronization procedure when the UE recovers from UL asynchronous status.
Observation 2: When UL is asynchronous, the time interval from the moment of last TA update is quite long, thus the UL/DL channel quality of the UE may have already changed.

Observation 3: The UL/DL channel quality of the UE stored in the eNB may not be suitable for scheduling the next UL/DL transmission of the UE when UL Re-synchronization.

Observation 4: During UL Re-synchronization procedure, if updated UL/DL channel quality can be acquired by the eNB as soon as possible, the performance of UL/DL transmission can be improved by using the updated UL/DL channel quality for scheduling.

Observation 5: PDCCH order that is used for triggering non-contention based random access procedure can be used to indicate channel quality measurement of UE implicitly without additional signaling overhead.
Observation 6: Compared with “MAC CE” based triggering mechanism, PDCCH order based triggering mechanism has the merit of saving overhead of triggering signaling and reducing the latency of channel quality report.
Proposal 1: In RRC_IDLE mode, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported in Msg3 for CE mode A with 2 bits for non-EDT case.
Proposal 2: In RRC_IDLE mode, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported in Msg3 for CE mode B.
Proposal 3: SIB that is used for enabling of DL quality report in Msg3 in RRC_IDLE mode is reused for the enabling of DL quality report in Msg3 in RRC_CONNECTED mode.

Proposal 4: PDCCH order can be used to trigger channel quality report in PUSCH after non-contention based random access procedure.
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