[bookmark: _Ref409106980][bookmark: _Ref387147111][bookmark: _Ref416466774]3GPP TSG RAN#76	 RP-171218
West Palm Beach, US
5th – 9th June, 2017
	
Title:  	On the UL power control of NPRACH in NB-IoT
Source: 	Ericsson
[bookmark: _GoBack]Agenda Item:	10.3.14
Document for:	Discussion and Decision
Introduction
[bookmark: _Ref421460494]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 (see thread 89-01) the discussion on this matter has continued without reaching a consensus among the participating companies.
In this paper we describe the current functionality, issues we have identified during the email discussion, and a proposed way forward. 
Background
NPRACH CE levels
NB-IoT uses repeated transmissions to extend its coverage compared to earlier supported 3GPP radio access technologies. When accessing the system, 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 the following example, assume that an eNB is configured with 43 dBm transmission power, then the power per 15 kHz sub-carrier is ~32 dBm. If CE 1 starts at a coupling loss of 144 dB and CE 2 at a coupling loss of 154 dB then the NRSRP thresholds () may be associated with NRSRP levels of 32 - 144 = -112 dBm and 32 - 154 = -122 dBm as illustrated in the below figure. 


Figure 1 Illustration of NPRACH thresholds.
NPRACH power control
When a UE accesses the system using CE 0, it is mandated to use power control and meet a received power level target at the eNB taking its estimated path loss into account. For CE 1 and 2, the UE is mandated to use repetitions in combination with its maximum configurable power PCMAX,c, which is limited by the allowed power in the cell. In TS 36.213 this procedure is specified as







“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 defined in [6] 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 .”
TS 36.321 further states that:
“For enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)”
The preambleInitialReceivedTargetPower IE can be set to a value between -90 and -120 dBm. numRepetitionPerPreambleAttempt corresponds to the configured repetition level in CE 0.
Let’s for example assume that the device uses 23 dBm power, the numRepetitionPerPreambleAttempt is set to 1 and the preambleInitialReceivedTargetPower is configured to -116 dBm. Then a UE experiencing a coupling loss less than 23 - -116 = 139 dB will down regulate the uplink power. A UE experiencing a coupling loss above 139 dB will use its maximum configurable power to come as close to the targeted power level as possible.
The below figure illustrates the relation between CE level selection and NPRACH power configuration.



[bookmark: _Ref482089464]Figure 2 Illustration of NPRACH CE level selection and UL open loop power control.
NPRACH CE ramping
Currently for each CE level a UE may attempt a random access attempt up to K times, where K at most can be configured to 10. In CE0, the UE may ramp up the initial selected power level for each random access attempt. A UE in CE1 or CE2 always uses full power to transmit NPRACH and can hence not use power ramping. Moreover, after reaching the maximum attempts K of sending NPRACH in a CE level N, if a UE does not receive any random access response from the eNB, the UE would ramp up to CE level N+1, and use the resource of CE level N+1 to continue sending the NPRACH with more repetitions. 
NPUSCH power control
After the UE has successfully received a Random Access Response (Msg2) it starts using NPUSCH Format 1 and 2 for its uplink transmissions. The network uses in general the Downlink Control Information (DCI) messages sent over the NPDCCH to control the NPUSCH repetition number. One exception to this principle is the NPUSCH carrying Msg3, which is controlled by the grant sent in Msg2.The UE output power is defined in TS 36.212 as:


“The UE transmit power  for NPUSCH transmission in NB-IoT UL slot i for the serving cell is given by
If the number of repetitions of the allocated NPUSCH RUs is greater than 2

[dBm]
otherwise

 [dBm]
where,

-	[image: ]is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell .

-	is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12}for 15kHz subcarrier spacing









-	is a parameter composed of the sum of a component  provided from higher layers and a component  provided by higher layers for j=1 and for serving cell where . For NPUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for NPUSCH (re)transmissions corresponding to the random access response grant then j=2.  and , where the parameter preambleInitialReceivedTargetPower [8] ([image: ]) and  are signalled from higher layers for serving cell . 



-	For j=1, for NPUSCH format 2, =1; for NPUSCH format 1, is provided by higher layers for serving cell . For j=2, [image: ]





-	 is the downlink path loss estimate calculated in the UE for serving cell  in dB and  = nrs-Power + nrs-PowerOffsetNonAnchor – higher layer filtered NRSRP, where nrs-Power is provided by higher layers and Subclause 16.2.2, and nrs-powerOffsetNonAnchor is set to zero if it is not provided by higher layers and NRSRP is defined in [5] for serving cell  and the higher layer filter configuration is defined in [11] for serving cell .

[image: ]is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell .”

In case of (re)transmissions corresponding to the random access response grant, i.e. Msg3 transmissions, the targeted NRSRP level is defined by the sum of preambleInitialReceivedTargetPower and . The former can be configured in the range of -90 to -120 dBm while the latter can is configured by the deltaPreambleMsg3 IE to a value between -2 and 12 dB.
To exemplify let’s assume UE B in Figure 2 is assigned a single transmission using 15 kHz subcarrier for the Msg3 transmission. preambleInitialReceivedTargetPower is still set to -116 dBm and  deltaPreambleMsg3 is set to 0 dB. The configured UE power then becomes PNPUSCH,c = 10log10(1) + -116 +1×134 = 18 dBm.
Since UE A is accessing from CE 2 it would be assigned to use more than two repetitions and the maximum power of 23 dBm due to being in so deep coverage which requires an assignment with multiple repetitions.
Power headroom reporting
In NB-IoT the feedback from the UE to the network is kept at a minimum level. The UE provides HARQ Ack/Nack feedback in response to NPDSCH transmissions and a combined Data volume and Power headroom Report (DPR) in Msg3. The Power Headroom Report (PHR) part feedbacks the difference between the estimated needed NPUSCH uplink power and the maximum configurable UE output power which corresponds to PCMAX,c in NB-IoT. In TS 36.213 the PHR functionality is defined as:


“If the UE transmits NPUSCH in NB-IoT UL slot  for serving cell , power headroom is computed using 

 [dB]



where, [image: ], , , and, are defined in Subclause 16.2.1.1.1. 
The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10] and is delivered by the physical layer to higher layers.”
The PHR has been specified to support four code points PH1, PH2, PH3, PH4. To support this format the measured PHR must be mapped to one out of four reporting values. Two different mapping tables have been defined. Which of the two tables to use is defined by the selected CE level.
[bookmark: _Ref482091421]Table 1: PHR for UEs selecting NPRACH CE level 0.
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 < PH  5

	POWER_HEADROOM_1
	5  PH  8

	POWER_HEADROOM_2
	8  PH  11

	POWER_HEADROOM_3
	PH ≥ 11


[bookmark: _Ref482091613]Table 2: PHR for UEs selecting NPRACH CE level 1 or 2.
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 < PH  -10

	POWER_HEADROOM_1
	-10  PH  -2

	POWER_HEADROOM_2
	-2  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6






Let’s continue the started example to also illustrate the use of the PHR mapping. First assume a cell where PCMAX,C = 23 dBm,= -116 dBm, = 0 dB and = 1. UE B shown in Figure 2 would then calculate PH = 23 - (-116 + 134) = 23 – 18 = 5 dB and report PHR 1 (assuming the mapping in Table 1 is used). When receiving this PHR the eNB can e.g. use it to increase the number of sub-carriers assigned to the UE from 1 to 3. The UE would as a consequence thereof increase its UL power to 23 dBm.
UE A would calculate PH = 23 - (-116 + 164) = 23 – 18 = -25 dB and report PHR 0 (assuming the mapping in Table 2 is used). When receiving this PHR the NW will understand that the UE is in deep coverage and needs to be assigned many repetitions.
Identified issues
NPRACH transmission
It has been observed in early NB-IoT field trials [1] that the power control procedure described in section 2.2 combined with the CE level ramping procedure described in Section 2.3 may cause UEs in good coverage to ramp from CE level 0 to CE level 1 and use full power [1]. The CE level ramping may be caused by high levels of UL or DL interference causing random access attempts to fail. Since a UE in CE 0 may be close to the serving base station this behaviour may expose the base station to high interference levels which is worst case blocks the base station receiver.
NPUSCH Msg3 transmission
When the eNB grants NPUSCH Format 1 (F1) resources for transmission of Msg3, it will do so to a large extent based on the UE choice of NPRACH CE level. If a UE in normal coverage accesses the system using CE1, the eNB will falsely assume that this is a UE in extended coverage that needs to use a high number of NPUSCH repetitions combined with maximum UL power for the Msg3 transmission. The UE will as a consequence expose the eNB to high UL interference levels and potentially block the eNB receiver.NPUSCH Msg3 transmission
For the NPUSCH transmission subsequent to Msg3 the eNB will use the information carried in the PHR adapt the NPUSCH configuration. The PHR presented in Table 1 is designed for UEs in normal coverage (CE0) while the PHR in Table 2 is designed for UEs in extended coverage (CE1/2).
If a UE in normal coverage accesses the system using CE1 if will be forced to use the Table 2 PHR, which is suboptimal. This will degrade the eNBs ability to correctly adapt the NPUSCH allocation and impact both link and system quality.
Proposed solutions
To address the issues identified in Section 3, a package of four Release 14 enhancements are proposed in this section. 
Enhanced CE level ramping
In a network that is sensitivity limited (i.e. experiencing low to moderate interference levels), a device should only be allowed to perform CE level ramping due to imperfect NRSRP measurements. We have in [2] shown that the relaxed NRSRP requirements (TS 36.133 allows a NRSRP inaccuracy of 12.3 dB) leads to a significant level of CE level leakage, where devices incorrectly select CE level. This is illustrated in Figure 3 below. 


Figure 3 Impact on CE level selection from imperfect NRSRP measurements.
For devices erroneously selecting a too low CE level, e.g. a device in CE1 selecting CE0, it is important to allow CE level ramping. For normal coverage devices in CE level 0 ramping to CE level 1 should, however, not be allowed. To enforce this behaviour, we propose to introduce a power offset PCE,Offset relative the NPRACH CE level threshold. The right to ramp up from CE 0 to CE 1 is reserved to devices that measures a NRSRP in the range between PCE,Th.1 and PCE,Th.1 + PCE1,Offset.



Figure 4 Illustrating the power offset PCE,Offset.
The value of PCE,Offset should typically be set to the expected maximum allowed NRSRP measurement inaccuracy, i.e. ~12 dB (as illustrated in Figure 3). But it is beneficial to allow, e.g., for flexibility, to turn this functionality off in networks that are highly interference limited where CE level ramping is expected to be critical to have a well-functioning network. We therefore propose to add SIB2-NB signalling to support semi-static configuration of PCE,Offset. 
NPRACH power control
For those devices in normal coverage that have incorrectly selected CE 1 and for devices that in the case of an interference limited network ramps from CE level 0 to 1, or 2 (in case PCE,Offset is inactivated) it is important to have the random access attempts in CE1 and 2 power controlled. To support full flexibility we propose to specify an open loop power control for CE1 and 2 according to:


PNPRACH, CEX = min{,  NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER_CEX +  }_[dBm]
Where X is the CE level 1 or 2, and NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER_CEX equals the targeted received power level in each of the CE levels. 
It is inappropriate to scale the targeted received power level with the used number of repetitions (as done for CE0) since this limits the ability of the network to cope with high interference levels where it’s important to allow more preamble repetitions while maintaining the targeted received power level.
NPUSCH Msg3 power control
For those devices in normal coverage that have incorrectly selected NPRACH CE 1, it is important to introduce NPUSCH power control for the Msg3 transmission also in case NPUSCH is configured with repetitions. It can best be based on the existing open loop power control functionality described in Section 2.4 but with the restriction on repetitions eliminated.
Improved PHR reporting
Instead of mandating the device to use a certain PHR mapping table based on its selected CE level (which may be incorrect) the device should autonomously select the most suitable PHR mapping table to use and indicated in Msg3 which of the two available PHR mapping tables that was used. Figure 5 illustrates the content of the DPR control element and shows that there are two reserved (‘R’) bits. One of those can be used by the device to indicated the used PHR mapping table. 


Figure 5 Data Volume and Power Headroom Report MAC control element,

Conclusion
In this paper we start share our view on the identified problem concerning the NB-IoT NPRACH CE level ramping and power control functionality. We identify three issues with the current design, and propose four corrections that will make the system more robust in both sensitivity and interference limited network scenarios. 
Based on the complexity and scope of this issue we propose that RAN1 considers to study this matter and prepares a solution to it in the scope of Release 14. We have stated our preferred solution but believe more discussion is needed in RAN1 before a consensus on the way forward can be achieved. A solution to the frozen Release 13 is clearly out of question.
Proposal: RAN1 is tasked to present a solution to the identified issues at RAN#77 in the scope of NB-IoT Release 14.
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