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1 Introduction

RAN1#90bis agreed a solution as working assumption to tackle the potential for UL interference during the NB-IoT RACH procedure: [1], [2]

 Agreements:

· Working assumption: introduce the following solutions for Rel-14 to reduce the possible uplink interference caused by the NB-IoT UE which has level ramped from NPRACH level 0 in a RACH procedure. 

· For a Rel-14 UE which has level ramped from NPRACH level 0 in a RACH procedure, use the NPRACH level 0 power control  and power ramping procedure in the new NPRACH level, i.e. based on path-loss with power ramping.

· Network can configure a cell-specific Δ additional to the NRSRP threshold of CE level 0 to indicate that the UE shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”, Δ from the set {0, 10, 20, 30} dB.

· The UE above which does not perform level ramping shall consider the Random Access procedure unsuccessfully completed when it fails at the maximum number of attempts (i.e. maxNumPreambleAttemptCE) configured in CE level 0.

· Adopt the solutions above as an optional UE capability.

· FFS how to fix the Msg3 power control for Rel-14 UE measured in CE level 0.

In this paper, we discuss the remaining issue of a ‘fix’ to Msg3 power control and confirm the working assumption to adopt the overall solution for Rel-14.

2 Discussion
2.1 Problem analysis for Msg3 power control
In NB-IoT, the physical layer power control procedure for Msg3 is as follows [3],
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Based on the current definition, the transmit power for Msg3 is related to the eNB scheduling repetition number, if the repetition number for Msg3 is larger than 2 then UE directly transmits at maximum configured power regardless its real path-loss. 
Generally in NB-IoT, eNB decides the repetition number for Msg3 scheduling based on the previous reception of NPRACH transmission. Typically, eNB will schedule different numbers of repetitions for Msg3 depending on the CE level in which it successfully receives the NPRACH preamble.  For example, if the UE measures as CE level 0 and attempts to access from NPRACH resource of CE level 0, then eNB may not schedule more than 2 repetitions, and the UE does not directly transmit at maximum configured power. But when the UE fails the NPRACH preamble attempts on CE level 0 and level ramps up to other CE levels, the eNB cannot identify the UE’s real coverage and may schedule more than 2 repetitions for other CE levels which leads to uplink interference due to the mismatch between being forced to transmit at maximum configured power and a small real path-loss. A simple solution is to remove the limitation on the number of repetition2 of the existing Msg3 power control for Rel-14 UE measured in CE level 0.

Besides the potential uplink interference issue caused by Msg3, discussion in RAN1#90bis, it was suggested by some companies that they observed the eNB may fail to receive Msg3 when the NPRACH preamble is correctly decoded from CE level 0. Here we give our analysis on this point. Taking the current Msg3 power control, eNB already has several methods to adjust it, 

1. There is a cell-specific 
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) [3] which can compensate the different detection thresholds between NPRACH and Msg3. The range of 
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 is  specified as [-2, 12] dB [4].
UplinkPowerControlCommon-NB-r13 ::=
SEQUENCE {


p0-NominalNPUSCH-r13



INTEGER (-126..24),


alpha-r13






ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1},


deltaPreambleMsg3-r13



INTEGER (-1..6)
}

deltaPreambleMsg3
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. See TS 36.213 [23, 16.2.1.1]. Actual value = IE value * 2 [dB].
2. Msg3 transmission has a wide range of MCS/RU allocations which can be used for the initial transmission or re-transmission scheduling.
For the UE measured in CE level 0, eNB can use either or both of the above two methods to adjust the Msg3 transmission to be successfully decoded – the up to 12 dB delta of P0 and combination of MCS/RU  provides plentiful choices for eNB scheduling. Furthermore, eNB also can change to schedule larger repetition number if the initial Msg3 fails to decode. The only problem is the existing Msg3 power control will lead the UE to transmit at maximum configured power to generate possible uplink interference when repetition number is greater than 2. In case the Msg3 power control is changed by removing the limitation of repetition number as proposed above, eNB will have yet one more method to ensure the Msg3 performance.
2.2 Proposed Msg3 power control improvement
Overall, based on the analysis in section 2.1, we propose the following for Msg3 power control to address both the possible uplink interference and possible decoding performance issues,

Proposal 1: For a Rel-14 UE measured in CE level 0, NPUSCH power control for Msg3 shall be according to the cell-specific open loop power control functionality in TS 36.213 for all numbers of NPUSCH repetitions. 
Thus, we propose to confirm the working assumption to agree to adopt the overall solution for Rel-14,

Proposal 2: Confirm the working assumption with addition of Msg3 power control as follows:
· Introduce the following solutions for Rel-14 to reduce the possible uplink interference caused by the NB-IoT UE which has level ramped from NPRACH level 0 in a RACH procedure. 

· For a Rel-14 UE which has level ramped from NPRACH level 0 in a RACH procedure, use the NPRACH level 0 power control  and power ramping procedure in the new NPRACH level, i.e. based on path-loss with power ramping.

· For a Rel-14 UE measured in CE level 0, NPUSCH power control for Msg3 shall be according to the cell-specific open loop power control functionality in TS 36.213 for all numbers of NPUSCH repetitions.
· Network can configure a cell-specific Δ additional to the NRSRP threshold of CE level 0 to indicate that the UE shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”, Δ from the set {0, 10, 20, 30} dB.

· The UE above which does not perform level ramping shall consider the Random Access procedure unsuccessfully completed when it fails at the maximum number of attempts (i.e. maxNumPreambleAttemptCE) configured in CE level 0.

· Adopt the solutions above as an optional UE capability.
2.3 CRs
The solutions above are implemented for the purposes of illustrating across WGs what the agreements mean in the draft CRs [5]-[8], of which [5] is for RAN1, and the others to be implemented by RAN2. We have attached all the CRs to this tdoc.

A Rel-14 UE may send an NPRACH preamble on either anchor carrier or a non-anchor carrier which configures NPRACH resources in its each attempt and the above solutions are deliberately applied for both anchor and non-anchor carriers as a result.
Furthermore, considering in the anchor carrier there will be Rel-13 UEs, we also suggest advising RAN2 to provide some separability in the signalling of NPRACH configurations for Rel-13 and Rel-14, so that the network can account for the Rel-14 UE’s different power control procedures. For example, if a NPRACH configuration parameter maxNumPreambleAttemptCE0-r14 is introduced for Rel-14 UE, network is able to configure a different maximum number of attempts in CE level 0 on the anchor carrier for Rel-14 UEs than Rel-13 UEs, which allow eNB to control both Rel-13 and Rel-14 UEs measured in CE level 0 to calculate transmit power based on the real path-loss.
Proposal 3: Approve the TS36.213 draft CR in R1-1719486, and inform RAN2 in an LS. Also suggest that RAN2 provides separability in the signaling of NPRACH configurations for Rel-14 UEs, such that Rel-14 UEs can have a NPRACH configuration which accounts for their different power control procedures (e.g. a separate value for the maximum number of attempts in CE Level 0 on the anchor carrier for Rel-13 and Rel-14 UEs).
3 Conclusions
In this paper we propose solution to fix the NB-IoT power control for Msg3 in Rel-14, and propose to confirm the working assumption to adopt the set of solutions for Rel-14 UE measured in CE level 0, to reduce the possible uplink interference caused by the NB-IoT UE which has level ramped from NPRACH level 0 in a RACH procedure. 

The following proposals are made:
Proposal 1: For a Rel-14 UE measured in CE level 0, NPUSCH power control for Msg3 shall be according to the cell-specific open loop power control functionality in TS 36.213 for all numbers of NPUSCH repetitions. 
Proposal 2: Confirm the working assumption with addition of Msg3 power control as follows:
· Introduce the following solutions for Rel-14 to reduce the possible uplink interference caused by the NB-IoT UE which has level ramped from NPRACH level 0 in a RACH procedure. 

· For a Rel-14 UE which has level ramped from NPRACH level 0 in a RACH procedure, use the NPRACH level 0 power control  and power ramping procedure in the new NPRACH level, i.e. based on path-loss with power ramping.

· For a Rel-14 UE measured in CE level 0, NPUSCH power control for Msg3 shall be according to the cell-specific open loop power control functionality in TS 36.213 for all numbers of NPUSCH repetitions.
· Network can configure a cell-specific Δ additional to the NRSRP threshold of CE level 0 to indicate that the UE shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”, Δ from the set {0, 10, 20, 30} dB.

· The UE above which does not perform level ramping shall consider the Random Access procedure unsuccessfully completed when it fails at the maximum number of attempts (i.e. maxNumPreambleAttemptCE) configured in CE level 0.

· Adopt the solutions above as an optional UE capability.
Proposal 3: Approve the TS36.213 draft CR in R1-1719486, and inform RAN2 in an LS. Also suggest that RAN2 provides separability in the signaling of NPRACH configurations for Rel-14 UEs, such that Rel-14 UEs can have a NPRACH configuration which accounts for their different power control procedures (e.g. a separate value for the maximum number of attempts in CE Level 0 on the anchor carrier for Rel-13 and Rel-14 UEs).
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