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Introduction
In RAN1 #94 meeting, we had the following agreements and working assumption on Support of Quality report in Msg3 for non-anchor access [1].
	Agreement
For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS: Whether the details on the hypothetical NPDCCH are specified or not
For non-anchor access, RAN1 further studies how UEs report the measured channel quality
Working Assumption
For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· FFS: Whether the UE performs measurement on other carriers


[bookmark: OLE_LINK9]In RAN1 #94bis meeting, we had the following agreements on Support of Quality report in Msg3 for non-anchor access [2].
	Agreement 
RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
RAN1 does not define measurement reference resource for non-anchor access.
For further study:
The following scenarios with regards to downlink channel quality reporting in msg3 for non-anchor carrier access.
· For EDT/non-EDT, msg3 associated with PDCCH order PRACH, IDLE
· PUR


In this contribution, some issues related to Msg3 quality reporting for non-anchor access are discussed.
Measurement of multiple carriers for NB-IoT
For non-anchor access, if the intention of channel quality report in Msg3 is to improve the performance of Msg4 transmission, since the non-anchor carrier index of Msg4 is the same as that of Msg2, the channel quality measurement on the carrier that the UE receives Msg2 is beneficial for Msg4 transmission. The working assumption in last meeting can be confirmed.
Observation 1: For channel quality report in Msg3 on non-anchor access, channel quality measurement on the carrier that UE receives Msg2 is beneficial for performance improvement of Msg4 transmission.
The eNB may allocate a new DL carrier other than the carrier that the UE receives Msg2 for DL data transmission after Msg4. If the eNB can get the channel quality information of multiple carriers by Msg3, eNB can configure the optimal carrier for subsequent DL data transmission after Msg4. The performance of DL data transmission can be improved. From this point of view, channel quality measurement on other carriers is beneficial.
Observation 2: For channel quality report in Msg3 on non-anchor access, besides the carrier that UE receives Msg2, channel quality measurement on other carriers is beneficial for performance of DL data transmission after Msg4.
[image: ]
Figure 1 UE procedure for reporting channel quality in Msg3 
According to Rel-14 CR on anchor carrier channel quality report agreed in RAN4 #87 meeting[3], the time period T1 and T2 as shown in Figure 1 can be used for channel quality measurement on anchor carrier. The time period T1 is used for NRSRP estimation for NPRACH CE level determination. T2 is the period from the beginning of MSG2 reception to the beginning of MSG3 transmission. On a non-anchor carrier, similar to anchor carrier, T1 and T2 can also be used for channel quality measurement.
Observation 3: For a non-anchor carrier, the time period T1 and T2 can be used as the measurement period to derive the NPDCCH repetition number that satisfies the hypothetical NPDCCH BLER of 1%.
For an NB-IoT UE monitoring Msg2, the UE only assumes NRS are transmitted in the Type-2 CSS configured by higher layers, as well as 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after each Type-2 CSS. During the time period T2, the UE cannot measure the channel quality of non-anchor carriers other than the carrier that the UE monitors to receive Msg2.
Observation 4: During the time period of T2, the NB-IoT UE can only perform the channel quality measurement on the carrier it monitors to receive Msg2.
For non-anchor random access, the carrier for Msg2 transmission is determined by the carrier of Msg1 (Preamble). Preamble is not transmitted in time period T1, but the UE can determine the carrier for Preamble transmission before T1, thus the UE can acquire the non-anchor carrier index for Msg2 transmission in advance. Then, the UE can measure the channel quality of the non-anchor carrier for Msg2 transmission during time period T1.
For non-anchor carriers, as specified in 36.211, in Idle mode except for paging, RACH and SC-PTM, NRS is present in subframes #0, #1, #3, #4, #9, and in NB-IoT downlink subframes for stand-alone and guard-band operation mode. While NRS is present in subframes #0, #4, #9, and in NB-IoT downlink subframes for in-band operation mode. The NB-IoT UE can measure channel quality of multiple non-anchor carriers during the time period T1.
Observation 5: For non-anchor carriers, UE can perform the channel quality measurement on multiple carriers in time period T1.
[bookmark: OLE_LINK5]Proposal 1: Confirm the Working assumption of RAN1 #94 meeting as following:
For channel quality report in Msg3 on non-anchor access, UE shall perform the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· If the UE has the capability of channel quality measurement on multiple carriers during time period T1, channel quality measurement on multiple carriers is supported.
Discussion on channel quality report in Msg3
The main issue of channel quality report in Msg3 is the overhead of Msg3.  Msg3 transmission can be used for different scenarios: EDT, non-EDT, PDCCH order triggered CBRA, etc. Different RRC messages can be carried by Msg3. The Msg3 spare bits for different RRC messages are different.
· EDT
The minimum TBS for EDT Msg3 is 328 bits. EDT Msg3 has enough bits to support channel quality report of multiple carriers. 
During EDT procedure, in the case that the UE switches to RRC_CONNECTED mode by Msg4 indication. The DL carrier for DL data transmission in RRC_CONNECTED mode can be indicated by Msg4. Channel quality measurement of multiple carriers can help eNB choose the best DL carrier for DL data transmission. If the UE does not enter RRC_CONNECTED mode by Msg4 indication, channel quality of the carrier that UE monitors to receive Msg2 is enough.
[bookmark: OLE_LINK7]Observation 6: For EDT, Msg3 has enough spare bits to support channel quality report of multiple carriers.
· Non-EDT
[bookmark: OLE_LINK15]Channel quality report in Msg3 for anchor carrier has already be supported in Rel-14 and high layer parameters (CQI-NPDCCH-NB and CQI-NPDCCH-Short-NB) are used for carrying channel quality measurement of anchor carrier. The same parameters can be reused for channel quality report for non-anchor carrier if only one carrier’s channel quality report is needed in Msg3. 
Observation 7: If only one carrier’s channel quality report is needed in Msg3, the solution of channel quality report in Msg3 for anchor carrier can be reused for non-anchor carrier.
The TBS for non-EDT Msg3 is fixed to 88 bits. In Rel-16, the spare bits for different RRC messages are different. The spare bits for RRCConnectionRequest is 17 bits. In this case, channel quality of up to 4 carriers can be carried in the spare bits. The spare bits for RRCConnectionResumeRequest is 4 bits and channel quality of only one carrier can be carried in the spare bits. For RRCConnectionReestablishmentRequest, there is only 1 spare bit in Msg3, thus it cannot carry any channel quality report.
[bookmark: OLE_LINK16][bookmark: OLE_LINK6]If channel quality reports of multiple carriers are needed in Msg3, due to the lack of enough spare bits, a larger Msg3 TBS should be configured by eNB at least for RRCConnectionReestablishmentRequest.
Considering that the eNB does not know RRC message type of Msg3 before Msg3 is successfully decoded, eNB cannot configure larger Msg3 TBS dedicated for RRCConnectionReestablishmentRequest message in MAC RAR. When channel quality report in Msg3 is enabled by eNB, a common larger Msg3 TBS can be considered for channel quality report in Msg3 with all RRC message types.
Proposal 2: For Non-EDT Msg3, if channel quality reports of multiple carriers are needed in Msg3, a larger Msg3 TBS is introduced for carrying channel quality report.
· For PDCCH order triggered CBRA 
[bookmark: OLE_LINK4]In Rel-15 and the previous releases, for NB-IoT, channel quality report in RRC_CONNECTED mode is not supported. In Rel-16, considering the standardization of channel quality report in Msg3 is being developed, Msg3 in PDCCH order triggered CBRA procedure can also be used for carrying aperiodic channel quality to support the channel quality report in RRC_CONNECTED mode.
In current specification, for PDCCH order triggered CBRA, the UE only carries C-RNTI MAC CE in Msg3. In this case, the eNB does not transmit Msg4 and cannot allocate new DL carrier for the UE. Therefore, for channel quality report in Msg3 during PDCCH order triggered CBDA, the UE only needs to measure the channel quality of the carrier that PDCCH order locates.
Proposal 3: For PDCCH order triggered contention based random access, if channel quality report in Msg3 is enabled, UE can report the channel quality of the carrier on which the PDCCH order is received in Msg3.
· PUR
PUR is for UL data transmission. Channel quality report in Msg3 is used for DL channel transmission. Msg3 report for PUR only needs to be studied if PUR involves DL data transmission.
[bookmark: OLE_LINK1]Conclusions
In this contribution, we have discussed the issues related to Msg3 quality reporting for non-anchor access. We have the following observations and proposals.
Observation 1: For channel quality report in Msg3 on non-anchor access, channel quality measurement on the carrier that UE receives Msg2 is beneficial for performance improvement of Msg4 transmission.
Observation 2: For channel quality report in Msg3 on non-anchor access, besides the carrier that UE receives Msg2, channel quality measurement on other carriers is beneficial for performance of DL data transmission after Msg4.
Observation 3: For a non-anchor carrier, the time period T1 and T2 can be used as the measurement period to derive the NPDCCH repetition number that satisfies the hypothetical NPDCCH BLER of 1%.
Observation 4: During the time period of T2, the NB-IoT UE can only perform the channel quality measurement on the carrier it monitors to receive Msg2.
Observation 5: For non-anchor carriers, UE can perform the channel quality measurement on multiple carriers in time period T1.
Observation 6: For EDT, Msg3 has enough spare bits to support channel quality report of multiple carriers.
Observation 7: If only one carrier’s channel quality report is needed in Msg3, the solution of channel quality report in Msg3 for anchor carrier can be reused for non-anchor carrier.
Proposal 1: Confirm the Working assumption of RAN1 #94 meeting as following:
For channel quality report in Msg3 on non-anchor access, UE shall perform the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· If the UE has the capability of channel quality measurement on multiple carriers during time period T1, channel quality measurement on multiple carriers is supported.
Proposal 2: For Non-EDT Msg3, if channel quality reports of multiple carriers are needed in Msg3, a larger Msg3 TBS is introduced for carrying channel quality report.
Proposal 3: For PDCCH order triggered contention based random access, if channel quality report in Msg3 is enabled, UE can report the channel quality of the carrier on which the PDCCH order is received in Msg3.
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