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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]At RAN1#89 it was identified that the NB-IoT Release 13 NPRACH Coverage Enhancement (CE) level ramping functionality may cause high UL intra-cell interference levels which is worst case blocks the eNB receiver [1].
In an email thread subsequent to RAN1#89 the discussion on this matter has continued without reaching a consensus among the participating companies.
In this contribution, we discuss the issue of UL power control for NB-IoT.
Discussion
Issues due to Rel-13 NPRACH power control scheme
In Rel-13 NB-IoT, NB-IoT uses repeated transmissions to extend its coverage compared to earlier supported 3GPP radio access technologies. When UE attempts to access a cell, an UE may, for example, repeat the Narrow Band Random Access Channel (NPRACH) preamble transmission up to 128 times to achieve coverage in the most demanding situations. The NB-IoT radio interface has therefore been designed with up to three separate NPRACH radio resources (CE 0, CE 1 and CE 2) that each is associated with a coverage range and a set of preamble repetitions. 
To select a NPRACH resource the UE measures the downlink received power and based on this and a set of broadcasted signal level thresholds makes a selection of the NPRACH resource to use for its system access, i.e. the number of times the random access preamble should be repeated.
In TS 36.213 this procedure is specified :

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




PNPRACH = min{ , NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER +   }_[dBm], where   is the configured UE transmit power for narrowband IoT transmission for subframe i of serving cell   and   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.”

TS 36.321 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 NB-IoT:
-	for enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)

Based on the above NPRACH Power control scheme,  when the system is overload and large amount of CE level 0 UE start to transmit preamble in the allocated resources, problem as described in [1] may arises. Note this phenomena only show up in an extremely overloaded system. One simple solution  seems to modify Rel-13 power control equation and enable power control for CE level 1 and CE level 2. However, from a deeper analysis it has shown that this is not the optimized solution. In the following analysis, we categorize those UEs move from CE level 0 to CE level 1 into two categories. 

Type 1 UEs：Due to incorrect RSRP measurement, incorrectly choose CE level 0 
[bookmark: OLE_LINK18][bookmark: OLE_LINK20]Type 2 UEs:   Moves to CE level 1 due to preamble collision caused by system overloading

One question here is if UEs in both categories need to enable power control in CE level 1(or 2). For Type 1 UE, as they should be in CE level 1 if no RSRP measurement error, therefore their actual CL is within [144dB, 154dB] and they should use full power to transmit in CE level 1 or 2. If Type 1 UE adopts the legacy power control in CE level 1, the number of NPRACH attempt times will increase due to insufficient TX power. 

For UEs in Type 2, since the reason of moving from level 0 upward is because of the interference, limiting their power in CE level 1 is beneficial. However, one scenario needs to be avoid is too many CE level 0 UEs are moving into CE level 1 therefore significantly increase the collision rate in CE level 1. Note usually the resource allocated in CE level 1 is much less than CE level 0.

Observation1：It is not preferable to enable power control for all the UEs moving from CE level 0 to CE level 1


[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Observation2：Type 1 UE moving from CE level 0 to CE level 1 should use  for preamble transmission in CE level 1 or 2.

Observation3：It is preferable to avoid the scenario where too many Type 2 UE overload CE level 1 NPRACH resources

Base on the above analysis and observation, we define two measurement range, range 1 and range 2 for NRSRP measurement value, as shown in figure 1.

Range 1:Measured RSRP Value>=RSRP_0+ Delta。
Range 2:Measured RSRP Value < RSRP_0+ Delta, 
where, RSRP_0 is the NRSRP threshold of CE level 0; Delta is the maximum of NRSRP measurement error.



Figure 1: NRSRP range division

· Range1 UE

For UE in range 1, the range considers the possible RSRP measurement error, so the actual RSRP for these UE still satisfy NRSRP_ actual >= RSRP_0. For example, if the eNB’s Tx power is 43dBm, assuming Delta =12dB and MCL for CE level 0 is 144dB, then RSRP_0=-101dBm. Range 1 includes all UE with measured RSRP value larger than -101+12=-89dBm. Since 12dB error buffer is included, these UE belongs to CE level 0. The only reason these UE moves to CE level 1 is because of the system overloading, therefore, more ramping attempts and larger back-off for BI can be configured to solve the problem. If this still cannot solve the issue, this means the system is extremely overloaded and there is severe collision due to too many UEs in CE level 0. If allowing these UE moving into CE level 1, since there is even less resources in CE level 1, the collision will become more severe and cannot be solved simply by implementing power control.  For this case, when maximum attempts is reached, it is suggested to 
1) Restart the preamble transmission on CE level 0
2) Reset ramp attempt count
3) Random powerRampingStep: UE selects randomized powerRampingStep value, since increasing Tx power difference will fasten the access time for these UEs.

· Range2 UE


For Range 2 UE, its real MCL can be within the range of CE 0, CE 1 or CE 2. However since the delta buffer is considered, these UEs have large pathloss so they can still use Rel-13 power control mechanism, i.e., using  in CE level 1 or CE level 2.

In fact, the actual problem causing the issue is NPRACH capacity overload, e.g, crowding the system with to many NPRACH process at the same time. Therefore it will be more effective to directly address the capacity issue. In our companion contribution [2], it was found that the current random hopping pattern has huge impact on the NPRACH capacity. In some cell, the impact could be as large as 10dBs. If the hopping pattern problem is fixed, the NPRACH capacity will be increased so the issue raised in [1] will be solved naturally.

Proposal 1:  
For UEs satisfy Measured RSRP Value >=RSRP_0+ Delta,  if maximum ramping attempts is reached for CE level 0  
1) Restart the preamble transmission on CE level 0
2) Reset ramp attempt count
3) Random powerRampingStep: UE selects randomized powerRampingStep value, since increasing Tx power difference will fasten the access time for these UEs

Proposal 2:  
For UEs Measured RSRP Value <RSRP_0+ Delta,  Rel-13 NPRACH  power control is used.

Proposal 3: 
It is more effective  to  first fix the NPRACH hopping pattern problem   in order to  solve NPRACH capacity issue. With increased NPRACH capacity, the problem will be moot in most cases.
Conclusions
In this contribution, we have discussed the issue of UL power control  for NB-IoT. We make the following proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation1：It is not preferable to enable power control for all the Us moving from CE level 0 to CE level 1


Observation2：Type 1 UE moving from CE level 0 to CE level 1 should use  for preamble transmission in CE level 1 or 2.

Observation3：It is preferable to avoid the scenario where too many Type 2 UE overload CE level 1 NPRACH resources


Proposal 1:  
For UEs satisfy Measured RSRP Value >=RSRP_0+ Delta,  if maximum ramping attempts is reached for CE level 0  
1) Restart the preamble transmission on CE level 0
2) Reset ramp attempt count
3) Random powerRampingStep: UE selects randomized powerRampingStep value, since increasing Tx power difference will fasten the access time for these UEs

Proposal 2:  
For UEs Measured RSRP Value <RSRP_0+ Delta,  Rel-13 NPRACH  power control is used.

[bookmark: _GoBack] 
Proposal 3: 
It is more effective  to  first fix the NPRACH hopping pattern problem   in order to  solve NPRACH capacity issue. With increased NPRACH capacity, the problem will be moot in most cases.
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