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1. Introduction
The WID for Rel-16 NB-IoT enhancements for LTE [1] has the following objectives:

Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

For this objective, the following agreements made thus far are listed below.
From the RAN1#94 meeting:
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

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

Agreement

For non-anchor access, RAN1 further studies how UEs report the measured channel quality

From the RAN1#94-bis meeting:
Agreement 

RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
Agreement

From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
Agreement

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

From the RAN1#95 meeting:
Agreement

In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.

Agreement

In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.

In this contribution we discuss further aspects of the DL quality report in MSG3 for non-anchor carrier access.
2. Discussion
From meeting RAN1#94, there is the following working assumption:
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

The first part of the working assumption, stating that the UE should measure the channel quality of the non-anchor carrier it monitors to receive Msg2, should be made an agreement as it covers the use case where this measurement is of most practical help.  Per existing specifications, since that non-anchor carrier is being used to support RACH, there will be some minimum amount of NRS present that the UE can use to make the measurement.  
Proposal 1:
For channel quality report in Msg3 on non-anchor access, the UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR).
As highlighted in other contributions [5], there may also be use cases when it is desirable for the UE to provide downlink quality reports on another non-anchor carrier (e.g. a non-EDT use case, where the network configures a separate non-anchor DL carrier for Msg4).  For these use cases, it is suggested that the network explicitly signal the non-anchor carrier it wants measured.
Proposal 2:
For channel quality report in Msg3 on non-anchor access, the UE can also optionally be requested by the network to supply the channel quality measurement on another non-anchor carrier explicitly signalled by the network.


FFS:   If the level of NRS on that non-anchor carrier is also indicated.

Since channel quality reporting in RRC_connected mode is considered out of scope of the WID, then the use cases where this new metric could be applied include the RACH procedure, EDT procedure and (N)PDCCH order.  Note, given that initial transmissions of PUR are not proceeded by any downlink transmissions (e.g. the NPDCCH for RAR), we do not see how this quality metric can sent with PUR transmissions without significant additional specification work.
Proposal 3:

The use cases suitable for the application of this measurement include: 
· RACH procedure

· EDT procedure
· PDCCH order for TA

At the last meeting 3 alternatives were how to use 2 bits to signal non-anchor carrier quality were outlined.
Agreement

In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.

Given the limited set of 3 values available to the UE, and assuming the initial estimate of R is roughly correct, it is proposed that the UE uses the DCI subframe repetition number, R, to indicate one of three values:
· R is too small, so move to the next higher available R value, 2R.

· R is adequate

· R is too large, so move to the next lower available R value, R/2.

Note, we think that basing this metric on Rmax may not allow to UE to effectively report back,  that the originally chosen R,  is actually optimal.

How the UE determines which of the above values to signals, is up to UE implementation and can potentially take all there values, Rmax, R and Rdecoded, into consideration.
Proposal 4:
In case of 2 bits is used for a non-anchor carrier quality metric, the 3 candidate values can be reported in Msg3, are based on R, the "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

3. Conclusion

In this contribution we have discussed further aspects of the DL quality report in MSG3 for non-anchor carrier access, and have the following proposals:

Proposal 1:
For channel quality report in Msg3 on non-anchor access, the UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR).

Proposal 2:
For channel quality report in Msg3 on non-anchor access, the UE can also optionally be requested by the network to supply the channel quality measurement on another non-anchor carrier explicitly signalled by the network.


FFS:   If the level of NRS on that non-anchor carrier is also indicated.

Proposal 3:
The use cases suitable for the application of this measurement include: 

· RACH procedure

· EDT procedure

· PDCCH order for TA

Proposal 4:
In case of 2 bits is used for a non-anchor carrier quality metric, the 3 candidate values can be reported in Msg3, are based on R, the "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
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