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1 Introduction
In RAN1#90bis, the following agreements were achieved for Rel-14 NRPACH power control[1]:
· 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 contribution, we give some further analysis about Rel-14 NRPACH power control procedure for NB-IoT.
2 Discussions

2.1 Applicable scenario for the new  power control proposal

Lots of effort have been spent on the details of the new power control proposal. It has been acknowledged that the problem only happen with some extremely rare deployment scenario. The problem has been described in particular deployment scenario overshooting in UE NPRACH transmission power happens , with power so high that sometimes exceeds eNB receiver dynamic range. However, no clear description regarding the exact deployment scenario where the legacy power control fails, were given.  During ran1 #90 and ran1 #90bis , the proponents kept changing the answer to this question. In all recollection, the following two reason is all that have been mentioned:

1. Insufficient NPRACH capacity

2. Downlink interference limited scenario where Msg 2 has extremely long delay

NB-IoT is designed for certain NPRACH capacity target. When this limitation is not considered in the deployment, congestion in NPRACH could happen. However, with proper configuration, even in this situation the power shooting should not happen, since there are multiple approaches within the legacy specification to prevent this happen. If system is abused then ultimately the power overshooting could happen, but in that case other channels may already breaks down. Rather than spending a great amount of effort on some work around for something that should not happen with proper configuration, it would better to work on the improvement of NPRACH performance and increase its capacity. Proposal in this direction has been proposed [2] in RAN1 90bis.
Similarly, if the root cause of the issue is poor Msg2 performance as a result of interference limited downlink scenario, then the solutions should be focus on improvement Msg2 performance. Longer delay in CE level 1 will only introduce more Msg2 retransmissions, which will further increase DL interferences. Under the DL interference limited scenario, more DL transmissions from all the neighboring cells will push the interference level even higher. 
What’s more, under this scenario, there is no guarantee that overshooting can be avoided in CE level 1 even with power ramping enabled. 
Without  clear understanding of the root cause of the problem and the efficacy of proposed solution supported by simulation result, it is very hard to confirm the working assumption. In general, any modified changes should be kept as minimal as possible and the Rel-13 behavior should be kept unless problem has been identified.

Even if the working assumption is adopted as an optional feature for eNB, there will be some new problems come to the top because of the introduction of this new proposal. We discuss these issue in the following sections. Due to these concerns, we have the following proposal:
Proposal 1: Without clear understanding of the root cause of the problem and the efficacy of proposed solution supported by simulation result, there is great concern to confirm the working assumption.
2.2 Cell specific delta for NRSRP threshold

It had been proposed that the 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.  When this Δ has been configured, UEs in CE level 0 will be divided into two parts. For convenience, we refer the UE above that does not perform level ramping as Range 1 UE. For a Rel-14 UE which has level ramped from NPRACH level 0 in a RACH procedure, we refer it as Range 2 UE.

In TS36.213 NPRACH power control and power ramping procedure is specified as follows:

“For the lowest configured repetition level, a narrowband preamble transmission power PNPRACH is determined as 

PNPRACH = min{ 
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  is the downlink path loss estimate calculated in the UE for serving cell  . For a repetition level other than the lowest configured repetition level, PNPRACH is set to c.”

TS36.321 further states that:

The random-access procedure shall be performed as follows:
-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;

-
if the UE is a BL UE or a UE in enhanced coverage:

-
the PREAMBLE_RECEIVED_TARGET_POWER is set to:
PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt);
-
if NB-IoT:

-
for enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)

-
for other enhanced coverage levels, the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max UE output power;
-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;

Note currently there is only one counter for the power ramping (PREAMBLE_TRANSMISSION_COUNTER), which keeps increasing until it reaches the maximum NPRACH attempts time (peambleTransMax-CE) for the whole RACH procedure. The spec does have another counter PREAMBLE_TRANSMISSION_COUNTER_CE, but it is only for changing CE level and is not used for power calculation. 
For legacy NB-IoT it is fine since the UE only do power ramping in CE 0. However, if, as proposed, UE starts to do power ramping also in higher CE level, then the amount of power ramping needs to start from scratch for each CE level so the first counter need to be reset after CE level change. But, this counter is also used to record the total maximum NPRACH attempts, when it is used to compare with preambleTransMax-CE.  Each CE level should have its own power ramping counter, and then there should be another counter for the total (across all CE levels) number of NPRACH attempts counter. Therefore it is required to introduce a CE based power ramping counter (it is also possible to reuse the current CE change counter for this purpose ).
The second issue is if Range 1 UE cannot ramp up to CE level 1, after its CE level 0 attempt time reaches maxNumPreambleAttemptCE+1, based on current spec it will indicate a Random Access problem to upper layers and consider the Random Access procedure unsuccessfully completed. After that the UE will enter IDLE mode. Based on legacy IDLE mode measurement procedure the UE will conduct cell measurement and restart the cell access procedure. However, almost for sure the UE will select the same cell and repeat everything again. This will cause serious power consumption issue and delay the cell access procedure. There is also a fairness issue here since this will reduce the Range 1 UE’s total NPRACH attempts times. 

A direct remedy is when Range 1 UE reaches the maximum power ramping times for CE 0, but still not reaches the total maximum attempts time for this RACH process, the UE should be allowed to keep trying in CE 0 ( note this type of UE cannot ramp up to CE level 1). The question now is if we will follow the current spec and allow the UE to continue ramping up the power till it reaches the total number of attempts time (preambleTransMax-CE) for the whole RACH.  This is not a good idea since preambleTransMax-CE is usually a large number and the UE’s power may be too high at the end of the ramping process.

One more reasonable approach is  to reset UE’s CE 0 power ramping counter whenever it reaches  maxNumPreambleAttemptCE, (therefore the transmitting power will also be reset ), while keep running the total RACH attempts counter until the total attempt counter reaches preambleTransMax-CE, at which point let the RACH failure reporting procedure kicks in. This is more fair for the range 1 UEs and also reduce their power consumption for the RACH procedure.
Proposal 2: If the working consumptions is confirmed, then at least it is required to introduce CE level based power ramping counter for CE 0 and CE 1 while reuse PREAMBLE_TRANSMISSION_COUNTER as the counter for total NPRACH attempts (preambleTransMax-CE). 

Proposal 3: If the working consumptions is confirmed, the for the Rel-14 NB-IoT UEs which shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”,  reset and restart CE 0 power ramping counter when whenever it reaches  maxNumPreambleAttemptCE , before PREAMBLE_TRANSMISSION_COUNTER reaches preambleTransMax-CE.

For a Rel-14 UE which has level ramped from NPRACH level 0  to CE 1 in a RACH procedure , NPRACH level 0 power control and power ramping procedure should be reused in the new NPRACH level, i.e. based on path-loss with power ramping. In general, the modified changes should be kept as minimal as possible and the Rel-13 behavior should be kept unless problem has been identified. As has been discussed, when it ramps from CE 0 to CE 1, the CE level based power ramping counter should be reset. 
Proposal 4: If the working consumptions is confirmed, for a Rel-14 UE which has just level ramped from NPRACH level 0 to CE1 in a RACH procedure, the CE level power ramping counter should be reset.

Proposal 5: Principles of power ramping equation, such as PREAMBLE_RECEIVED_TARGET_POWER settings, should be reused.
2.3 Msg3 power control   

While it has never been brought up before, it is found the current Msg3 power control mechanism may contribute to the RACH congestion problem.Currently, Msg 3 power control function is described as follow: 

if the number of repetitions of the allocated NPUSCH RUs is greater than 2
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As shown above, Msg3 transmission power always starts from the open loop power control set point, no matter how much the UE ramp-ups the preamble later. When preamble power increased from ramp-up, most likely Msg3 without power ramp-up will fail the initial transmission and a re-transmission has to be scheduled. Therefore, it is desirable to include the ramp-up power in the initial Msg3 transmission with the following modification:
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Proposal 6 :For Rel-14 NB-IoT,  it is suggest to include the ramp-up power in the initial Msg3 transmission if NPRACH has power ramping 
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2.4 SIB indication 

The legacy power control mechanism has been designed for the most common deployment scenario. If it is decided to introduce additional power control behavior, these mechanism should be optional ( for both eNB and UE). Indications can be introduced in the SIB to enable the additional Rel-14 power control behavior. 
Proposal 7: Indications can be introduced in the SIB to enable the optional Rel-14 power control behavior. 
3 Conclusions

In this contribution, we have discussed the issue of UL power control for NB-IoT. We make the following proposals:
Proposal 1: Without clear understanding of the root cause of the problem and the efficacy of proposed solution supported by simulation result, there is great concern to confirm the working assumption.
Proposal 2: If the working consumptions is confirmed, then at least it is required to introduce CE level based power ramping counter for CE 0 and CE 1 while reuse PREAMBLE_TRANSMISSION_COUNTER as the counter for total NPRACH attempts (preambleTransMax-CE). 

Proposal 3: If the working consumptions is confirmed, the for the Rel-14 NB-IoT UEs which shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”,  reset and restart CE 0 power ramping counter when whenever it reaches  maxNumPreambleAttemptCE , before PREAMBLE_TRANSMISSION_COUNTER reaches preambleTransMax-CE.

Proposal 4: If the working consumptions is confirmed, for a Rel-14 UE which has just level ramped from NPRACH level 0 to CE1 in a RACH procedure, the CE level power ramping counter should be reset.

Proposal 5: Principles of power ramping equation, such as PREAMBLE_RECEIVED_TARGET_POWER settings, should be reused.
Proposal 6 :For Rel-14 NB-IoT,  it is suggest to include the ramp-up power in the initial Msg3 transmission if NPRACH has power ramping 


[image: image19.wmf]sg3

PREAMBLE_M

O_PRE

c

_NPUSCH,

O_NORMINAL

ngStep

powerRampi

 

*

 

1)

 

-

 

CE

N_COUNTER_

RANSMISSIO

PREAMBLE_T

(

)

2

(

D

+

+

=

P

P


Proposal 7: Indications can be introduced in the SIB to enable the optional Rel-14 power control behavior. 
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