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1 Introduction

In this contribution the way forward for DL channel quality reporting in MSG3 is discussed further.

2 Background

RAN2 status

RAN2 discussed DL channel quality reporting in MSG3 during RAN2#101bis [1-5], and RAN2 agreed to send an LS to RAN4 about the number of bits available in MSG3 [6], and ask RAN4 if it is still beneficial to only report 3 measured values in case of RRC re-establishment with CP solution:

Overall Description:

RAN2 has discussed DL channel quality reporting in MSG3 and RAN2 agreed that 4 bits, i.e. 15 measured values (codepoint “0000” indicates absence of measurements), are available for the DL channel quality reporting in MSG3, except when MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization. When MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization only 2 bits, i.e. 3 measured values, are available. 

Action to RAN4
RAN2 kindly asks RAN4 to take this information into account in their work on DL channel quality metric. RAN2 would like to ask RAN4 if a suitable mapping with (only) 3 measured values is feasible.
RAN1 status

RAN1 discussed the DL channel quality reporting in MSG3 during RAN1#92bis [7-12], agreed a WF [13] and informed both RAN4 and RAN2 about their agreements in an outgoing LS [14]: 

1. Overall Description:

During RAN1#92bis, RAN1 made the following agreements regarding NB-IoT downlink channel quality report:
For the downlink channel quality reporting in msg3:

· RAN1 assumes that the UE is not required to measure additional subframes for this feature  (e.g., the measured subframes used for cell reselection before random access can be reused).

· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.

· In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.

· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)

· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.

· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4. 

2. Actions:

RAN1 kindly requests RAN2 and RAN4 to determine the number and value of candidates of R.

RAN4 status

RAN4 discussed the DL channel quality reporting in MSG3 during RAN4#86bis and agreed in the way forward [15]: 

Background:

· RAN4#86bis discussed the LS from RAN1 on NB-IoT downlink channel quality determination and report, and observed as follows:
· UE should estimate the SINR of the serving cell, where NPDCCH is transmitted, to be able to report the downlink channel quality, similar to RLM.
· SINR estimation for channel quality reporting could be based on a shorter evaluation period than RLM and using only the most recent measurement samples, e.g., NRS received during MSG2 decoding and MSG3 preparation.
· UE’s channel quality reporting in MSG3 is strictly conditioned on the successful decoding of MSG2. 
· RAN2 are going to decide the number of available bits used for MSG3-based quality reporting, but it is limited (e.g., at most 2-3 bits). 
Way forward:

· Companies are encouraged to investigate the solution to report the channel quality in MSG3. 
· Option 1: Based on SINR estimation from MSG2
· Option 2: Based on the combination of actual repetition used until successful decoding of MSG2 and SINR estimation from MSG2
· Other options are not precluded. 
· Companies are encouraged to investigate the accuracy of the SINR measurement from MSG2 
· Other measurement period, e.g. before MSG1 transmission, is not precluded.
Information:

· Timeline from MSG1 to MSG3 in the NB-IoT random access:
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3 Discussion

Measurement metric

We see a great benefit of having the measurement reporting in MSG3 for link adaptation, and we would like to have this feature as soon as possible. In the past it has been discussed to report the existing NRSRQ measurements in Idle mode, but it has been decided to introduce a new metric. Furthermore RAN2 has agreed in principle on the REL-14 CRs for NRSRP/NRSRQ reporting in MSG5. 

Concerning the discussion on the new DL channel quality metric, we would like to point out that a UE may first prepare MSG3, e.g. RRCConnectionRequest, and then request the lower layers to initiate random access (see Appendix for further details). Thus when the DL channel quality metric would be based on MSG2 measurements only, then such UE is required to re-generate MSG3 to include the measurements. In our view it would be beneficial if RAN4 can define a metric that allows a UE implementation based on MSG2 measurements, and a UE implementation based on Idle mode (SNR) measurements. In our view such approach is feasible. The UE is required report the needed NPDCCH repetitions associated with a hypothetical NPDCCH with 1% BLER, but the channel quality measurements could be based on MSG2 or Idle mode measurements, as long as the UE implementation passes the RAN4 test cases, which basically calibrate the different UE implementations [16]. 

The definition of the DL channel quality metric is a RAN4 discussion, and RAN2 should wait for the RAN4 agreements RAN2 may expect to receive an LS from RAN4 with the RAN4 agreements in RAN2#102 [17]: 

Proposal 1: RAN2 to wait for RAN4 agreements on DL channel quality reporting in MSG3

In our view, provided that RAN4 agreements have been reached, it is possible to forward and complete the feature in RAN2#102 as well, i.e. the signalling aspects have been discussed before, and measurement reporting has in principle been agreed for MSG5 already: 

Assumption 1: Introduce measurements reporting in RRCConnectionRestablishmentComplete-NB, RRCConnectionResumeComplete-NB and RRCConnectionSetupComplete-NB messages.

Assumption 2: The reported value range in RRCConnectionRestablishmentComplete-NB message is {NoMeasure, candidateRepx, candidateRepy, candidateRepz}, otherwise it is {NoMeasure, candidateRep1, candidateRep2, …, candidateRep15}.

Assumption 3: Introduce dcq-Reporting flag in SIB2-NB to enable Downlink Channel Quality (DCQ) in MSG3.

Assumption 4: Downlink Channel Quality (DCQ) in MSG3 is an optional UE feature without UE capability signalling.

Assumption 5: Measurement reporting in MSG3 is introduced in REL-14 with possibility of early UE implementation.

CRs to 36.306 and 36.331 are provided for discussion and agreement [18-21]. 

4 Summary

RAN2 is kindly asked to discuss measurement reporting in MSG3: 

Proposal 1: RAN2 to wait for RAN4 agreements on DL channel quality reporting in MSG3

Assumption 1: Introduce measurements reporting in RRCConnectionRestablishmentComplete-NB, RRCConnectionResumeComplete-NB and RRCConnectionSetupComplete-NB messages.

Assumption 2: The reported value range in RRCConnectionRestablishmentComplete-NB message is {NoMeasure, candidateRepx, candidateRepy, candidateRepz}, otherwise it is {NoMeasure, candidateRep1, candidateRep2, …, candidateRep15}.

Assumption 3: Introduce dcq-Reporting flag in SIB2-NB to enable Downlink Channel Quality (DCQ) in MSG3.

Assumption 4: Downlink Channel Quality (DCQ) in MSG3 is an optional UE feature without UE capability signalling.

Assumption 5: Measurement reporting in MSG3 is introduced in REL-14 with possibility of early UE implementation.
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6 Appendix: MSG1-3 timeline

36.331

5.3.3
RRC connection establishment


[image: image2.emf] 

RRCConnectionSetup  

RRCConnectionRequest  

UE   EUTRAN  

RRCConnectionSetup Complete  


The UE shall submit the RRCConnectionRequest message to lower layers for transmission.
The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.

36.321

5.1.1
Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC sublayer itself or by the RRC sublayer. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a MAC entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the MAC entity shall initiate a Random Access procedure on this Serving Cell. For Random Access on the SpCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex, except for NB-IoT where the subcarrier index is indicated; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for SpCell. If the UE is an NB-IoT UE, the Random Access procedure is performed on the anchor carrier or one of the non-anchor carriers for which PRACH resource has been configured in system information.

5.1.4
Random Access Response reception

…

-
if the Random Access Preamble was selected by the MAC entity; or

-
if the UE is an NB-IoT UE, the ra-PreambleIndex was explicitly signalled and it was not 000000 and ra-CFRA-Config is not configured:

-
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.
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